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1 BACKGROUND
1.1 Objective of Meeting and Overview of Development Program

The purpose of this Advisory Committee meeting is to review and discuss the safety,
efficacy, and overall risk/benefit profile of denosumab, a monoclonal antibody against
receptor activator of nuclear factor-kappa B ligand (RANKL), for four separate indications:

e treatment of postmenopausal osteoporosis
prevention of postmenopausal osteoporosis

e treatment and prevention of bone loss associated with hormone ablation therapy for
breast cancer

e treatment and prevention of bone loss associated with hormone ablation therapy for
prostate cancer

Treatment of postmenopausal osteoporosis (PMO) is considered the primary indication. For
this indication, demonstration of fracture efficacy is required. The basis for approval of
treatment of PMO is study 20030216, a three-year, randomized, double-blind, placebo-
controlled trial in postmenopausal osteoporotic women with the primary endpoint of
incidence of morphometric vertebral fracture.

The pivotal trial for the prevention of PMO indication is study 20040132, a four-year,
randomized, double-blind, placebo and active-controlled study of postmenopausal women
with low bone mass. The primary endpoint of the study was change in lumbar spine bone
mineral density (BMD) at month 24.

The pivotal trial supporting the treatment and prevention of bone loss associated with
hormone ablation therapy for breast cancer is study 20040135, a four-year, randomized,
double-blind, placebo-controlled study in women with nonmetastatic breast cancer
undergoing aromatase inhibitor therapy. The primary endpoint was change in lumbar spine
BMD at month 12.

The pivotal trial supporting the treatment and prevention of bone loss associated with
hormone ablation therapy for prostate cancer is study 20040138, a five-year, randomized,
double-blind, placebo-controlled in men with nonmetastatic prostate cancer undergoing
androgen-deprivation therapy. The primary endpoint was change in lumbar spine BMD at
month 24.

1.2 Issues for Committee Consideration

2

Committee Members will find statements by the Division entitled “Issues for Consideration’
throughout this Background Document. These statements identify issues that the Division



believes to be of particular importance in the Committee’s assessment of the safety and
overall risk/benefit profile of denosumab for the proposed indications.

The following safety issues associated with denosumab exposure have been identified in
clinical trials:

e Occurrence of serious infection,

e Development of new malignancies,

e Potential for tumor progression in patients with cancer,

e Bone histomorphometry findings that suggest suppression of bone remodeling which
may lead to complications such as delayed fracture healing, ONJ, or atypical fracture
with long-term use, and

e Dermatologic adverse events.

Of particular concern, in light of these safety issues, is whether the risk/benefit balance for
the osteoporosis prevention indication, both for patients with and without cancer, supports
approval. In addition, if denosumab were to be approved, we seek advice from the
Committee regarding whether a risk evaluation and mitigation strategy or REMS would be
needed to ensure that its benefits outweigh its risks.

1.3 Indications

1.3.1 Postmenopausal Osteoporosis

Osteoporosis is a skeletal disorder characterized by low bone mass and microarchitectural
deterioration of bone leading to an increase in fragility and susceptibility to fracture. While
osteoporosis can occur in both men and women, studies in postmenopausal women represent
the majority of the data defining the disease and its sequelae. Currently, osteoporosis is
predominantly diagnosed using bone mineral density (BMD) techniques based on the
diagnostic criteria set forth by the World Health Organization (WHO) in 1994. However, it
has long been recognized that BMD alone is not sufficient to accurately predict fracture risk.
Inclusion of other risk factors, most notably age, along with BMD improves facture risk
prediction. Because of the potential for safety consequences of long-term treatment with
many of the available osteoporosis therapies, accurate prediction of fracture risk and,
therefore, who would best benefit from treatment, is vital for healthcare providers.

A new risk assessment tool for prediction of osteoporotic fracture (FRAX) was developed by
the WHO in 2008. The FRAX algorithms include clinical risk factors that predict an
increased risk of fracture (age, sex, prior fragility fracture after age 50 years, history of
corticosteroid use [> Smg for more than three months], parental history of hip fracture,
rheumatoid arthritis, secondary osteoporosis [e.g., type 1 diabetes, osteogenesis imperfecta in
adults, longstanding hyperthyroidism, hypogonadism, premature menopause, chronic
malabsorption, and chronic liver disease], current smoker, alcohol use of greater than 2 units
daily, and body mass index). Using the FRAX tool fracture risk is reported as the 10 year
risk of hip fracture and the 10-year risk of major osteoporotic fracture. Currently, the
National Osteoporosis Foundation recommends treatment be considered for patients who
have had an osteoporotic fracture, patients with a BMD T-score of <-2.5 (2.5 standard



deviations below the young adult mean), and patients over age 50 years with low bone mass
(T-score -1.0 to -2.5) with a risk probability of >3% for hip fracture or >20% for major
osteoporotic fracture as obtained using the FRAX algorithm.

Products currently approved in the U.S. for the prevention and/or treatment of
postmenopausal osteoporosis are outlined in Table 1.



Table 1. Approved Products for Osteoporosis Prevention and/or Treatment

Class Drug Route Dose Prevention | Treatment
oral 5 mg daily XX
Fosamax oral 10 mg daily XX
oral 35 mg weekly XX
oral 70 mg weekly XX
oral 70 mg/2800IU weekly XX
Fosamax PlusD oral 70 mg/56001U weekly XX
oral 5 mg daily XX XX
Actonel oral 35 mg weekly XX XX
Bisphosphonate oral 75 mg 2days/month XX
oral 150 mg monthly XX
Actonel with 35 mg once weekly
Calcium oral 1250 mg days 2-7 XX XX
Boniva oral 2.5 mg daily XX XX
oral 150 mg monthly XX XX
Boniva v 3mg every 3months XX
Reclast v Smg yearly XX
Reclast v Smg every 2 years XX
Estrogen . .
Agonist/Antagonist Evista oral 60 mg daily XX XX
PTH analog Forteo SC 20 mcg daily XX
Miacalcin SC 100 IU every other day XX*
Calcitonin Miacalcin NS 200 IU daily XX*
Fortical NS 200 IU daily XX*
Premarin oral 0.3 — 1.25 mg daily XX
0.625 mg daily D1-14
Premphase oral Smg daily D 15-28 XX
Prempro oral 0.3./1 .5—-0.625/5 mg XX
daily
Climara transderm | 0-02> ~0.1 mg/day, XX
applied once weekly
Climara Pro transderm 0'45./0'015 mg/day, XX
applied once weekly
Estrogen and . :
E . 1 mg estradiol daily for
strogen/Progestin .
s 3 days; alternate with
combination Prefest oral . XX
1/0.09 mg daily for 3
products
days
Fembhrt oral 2.5/0.5 — 5/1 mg daily XX
Activella oral 0.5/0.1- 1/0.5 daily XX
Vivelle transderm | 002> ~ 0.1 mg/day, XX
applied twice weekly
Alora transderm | 0-02> ~ 0.1 mg/day, XX
applied twice weekly
Menostar transderm 0.014 mg/day, applied XX
once weekly
Vivelle Dot transderm | 0-025 ~ 0.1 mg/day, XX
applied twice weekly

* Original Approval based on BMD, not fracture efficacy
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Denosumab, the focus of this Advisory Committee meeting, would be, if approved, the first
biologic agent available in the United States for the prevention and treatment of
postmenopausal osteoporosis.

1.3.2 Bone Loss Associated with Hormone Ablation for Prostate Cancer or Breast
Cancer

The most commonly diagnosed cancers among men and women in the United States are
prostate and breast cancer. Prostate cancer accounts for approximately 29% of all new
cancers reported while breast cancer accounts for approximately 26%. Cancer therapy
induced bone loss has been shown with both breast and prostate cancer therapies which are
directed at lowering sex steroid levels.

Androgen deprivation is an important therapeutic modality utilized in the treatment of men
with prostate cancer. The main effect of these modalities is decrease of testosterone to
castrate levels. Multiple studies have shown that androgen deprivation therapy results in
decreasing bone mass in men with a concomitant increase in fracture risk.

Aromatase inhibition is used in the treatment of hormone receptor positive breast cancer in
postmenopausal women. The main consequence of these agents is the 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 the 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 mineral density of -2.3% at one
year and -4.0% at two years (Eastell R, et.al., J Clin Oncol 2008; 26:1052-1058).

For patients with nonmetastatic prostate or breast cancer, the median survival time is long
and may approach a decade or more. For this reason, long term bone health is an issue that
should be addressed as part of the treatment paradigm.

Currently, there are no products approved for bone loss associated with hormone ablation for
prostate cancer or breast cancer.

1.4 The Role of RANK Ligand

Receptor activator of nuclear factor-kappa B ligand (RANKL) is a tumor necrosis factor
superfamily cytokine member (Tnfsf11). 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.
Another important function of RANKL is in the immune system where RANKL is involved
in B-cell and T-cell differentiation as well as dendritic cell maturation. RANKL expression is
modulated by various cytokines, glucocorticoids, and PTH and it is produced by osteoblastic
lineage cells and activated T cells.
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Osteoprotegerin (OPG) is also a member of tumor necrosis factor superfamily of cytokines.
OPG’s main function is inhibition of osteoclast differentiation. OPG itself is an inhibitor of
RANKL.

1.5 Regulatory Guidance for the Development of Products for Osteoporosis
Treatment

The FDA osteoporosis guidance document entitled “Guidelines for Preclinical and Clinical
Evaluation of Agents Used in the Prevention or Treatment of Postmenopausal Osteoporosis”
was issued in 1994. As outlined in that document, the preclinical requirements include an
examination of bone quality in two species to adequately investigate the effectiveness and
safety of drugs for the prevention and/or treatment of osteoporosis. The clinical requirements
include adequate assessment of treatment on the incidence of new vertebral fractures at three
years of treatment. In the pivotal fracture trial, bone mineral density is a secondary endpoint.
Once fracture efficacy has been demonstrated, this provides validation of the BMD endpoint,
which is then allowed to be the primary endpoint for other indications such as prevention of
postmenopausal osteoporosis.

In their development program for denosumab, the Applicant was not able to examine bone
quality in two nonclinical species because the monoclonal antibody is species specific. All
nonclinical studies were performed in the monkey. The clinical program does include the
requisite three-year fracture trial in postmenopausal women. In the pivotal fracture trial,
BMD was a secondary endpoint. In the pivotal trials for the other indications, BMD served as
the primary endpoint.

1.6 Regulatory History of Monoclonal Antibody Products

Denosumab represents the first biologic product and the first monoclonal antibody agent
seeking approval for the prevention and treatment of postmenopausal osteoporosis as well as
for the prevention and treatment of bone loss due to cancer therapies that act to lower sex
steroid levels. Appendix 1 lists 27 therapeutic monoclonal antibody products that have been
approved since 1992 for treatment of conditions such as organ rejection, cancers,
autoimmune disorders, paroxysmal nocturnal hemoglobinuria, and macular degeneration.
Some monoclonal antibodies and antibody fusion proteins have had serious safety issues
identified prior to approval or in the postmarketing period, including serious infections,
opportunistic infections, severe infusion reactions, anaphylaxis, and malignancies. Twenty
of the 27 monoclonal antibody products have Black Box Warnings. Some have required
MedGuides, FDA Alerts or Risk Evaluation and Mitigation Strategies (REMS), both pre- and
post-marketing, to address these safety issues.
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1.7 The Food and Drug Adminstration Amendments Act of 2007

The Food and Drug Administration Amendments Act (FDAAA) of 2007 was signed into law
on September 27, 2007. Included in the provisions of this new law are amendments to the
Federal Food, Drug and Cosmetic Act (FDCA) which provide FDA with enhanced
authorities regarding postmarket safety of drugs. Specifically, Title IX of FDAAA which
took effect on March 25, 2008, provides FDA with several new authorities including the
ability to require applicants to develop and comply with risk evaluation and mitigation
strategies (REMS).

A REMS may be required before a new drug application is approved if the determination is
made that the REMS is necessary fo ensure that the benefits of the drug outweigh the risks of
the drug. This determination is based on factors including: (1) The estimated size of the
population likely to use the drug; (2) The seriousness of the disease or condition that is to be
treated with the drug; (3) The expected benefit of the drug with respect to the disease or
condition; (4) The expected or actual duration of treatment with the drug; (5) The seriousness
of any known or potential adverse events that may be related to the drug and the background
incidence of such events in the population likely to use the drug; and (6) Whether the drug is
a new molecular entity.

A REMS is composed of various elements which are chosen based on the goals of the REMS
and the seriousness of the risk(s) being addressed. One element required for all REMS is a
timetable for submission of assessments. The timetable provides a framework for periodic
submission of assessments to determine the effectiveness of the REMS. At a minimum,
assessments are required by 18 months, by 3 years, and in the seventh year after initial
REMS approval. Additional elements are included depending on the objective of the REMS.
Other potential elements include a Medication Guide, a communication plan, and elements to
assure safe use.

The most frequently required element in a REMS is a Medication Guide. During the first
year after Title IX took effect (March 25, 2008 — March 25, 2009), 34 REMS were approved
of which 28 were Medication Guide only REMS (Medication Guide and timetable for
submission of assessments). A Medication Guide is required if FDA determines that one or
more of the following circumstances exist: (1) Patient labeling could help prevent serious
adverse effects; (2) Drug has serious risk(s) (relative to benefits) of which patients should be
made aware because information concerning the risk(s) could affect patients’ decision to use,
or to continue to use, the drug; (3) Patient adherence to directions for use is crucial to the
drug’s effectiveness. Distribution of the Medication Guide to the patient is required when
the drug is initially dispensed and at each refill.

A communication plan for healthcare providers may be required if needed to support
implementation of a REMS. The plan may include letters to healthcare providers;
communicating the elements of the REMS to encourage implementation or to explain safety
protocols, such as monitoring by periodic lab tests; or disseminating information through
professional societies about serious risks of the drug.
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The most restrictive element that may be required as part of a REMS is an element to assure
safe use. Elements to assure safe use include the following: (1) prescriber training or
certification; (2) certification of dispensers; (3) drug administration limited to certain health
care settings; (4) documentation of safe use prior to dispensing; (5) required monitoring of
patients; or (6) enrollment of patients in a registry. Elements to assure safe use are reserved
for situations in which a drug is shown to be effective, but is associated with a specific
serious risk such that the drug could only be approved with a REMS which includes an
element to assure safe use. During the first full year since Title IX became effective, 4
REMS were approved which included an element to assure safe use.

1.8 Special Considerations for Supportive Care Agents in Cancer Patients

Two groups of supportive care agents for palliation of patients receiving cancer treatment
have raised concerns regarding the potential to adversely affect tumor outcomes: 1) agents
designed to mitigate chemotherapy- or radiotherapy-induced toxicity and 2) agents binding to
specific receptors present on some tumors or on cells in the tumor microenvironment.
Examples of the former are dexrazoxane and amifostine; examples of the latter are
granulocyte-colony stimulating factors, erythryopoietin-stimulating agents, and keratinocyte-
growth factors. 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 in 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 definitive clinical studies to rule out
adverse risks to be performed as post-marketing commitments, provided no safety signals
were identified prior to marketing approval. In cases where pharmacodynamic or nonclinical
data suggested the potential 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, 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 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, through off-target binding, or through activation of other signal
transduction pathways not directly or intentionally targeted. Many aspects of tumor
promotion are still not well understood.

The potential for adverse effects arising from a supportive care product administered to
patients with cancer may be best illustrated by the evolving data from studies of
erythropoiesis-stimulating agents (ESA). At the time of the initial approval of the first ESA
for the treatment of anemia associated with cancer chemotherapy in the early 1990s, FDA
noted that ESAs could stimulate malignant tumors, either directly through erythropoietin
receptors on tumor cells or indirectly, through effects on tumor vasculature. Because of this
concern, post-marketing studies were conducted to rule out detrimental effects of ESA use on
response to chemotherapy. Although initial studies in one type of lung cancer did not
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demonstrate adverse effects, accumulating data from randomized trials in other common
cancers (breast, colon, head and neck cancer) with higher than recommended doses of ESAs
demonstrated shorter survival and more rapid time to tumor progression in patients receiving
ESAs compared to controls. Despite multiple studies, the mechanism by which ESAs shorten
survival and result in more rapid tumor progression remains unknown.

There is now clear evidence that some agents that palliate cancer treatment-toxicity may
enhance tumor growth. The Office of Oncology Drug Products currently requires that
supportive care drugs which may affect tumor growth directly or indirectly be carefully
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); such studies are
required at the time of approval if sufficient data are not contained in the marketing
application.

2 CLINICAL DEVELOPMENT OF DENOSUMAB

2.1 Overview from the Office of Biotechnology Products

Denosumab is a full-length human monoclonal IgG2 that targets receptor activator of nuclear
factor kappa B ligand (RANKL). RANKL exists in both transmembrane and soluble forms,
and denosumab is fully capable of binding to either form through an epitope in the D-E loop
on the receptor binding portion of RANKL. The mechanism of action for this antibody
involves a blocking mechanism, where the antibody’s binding to RANKL inhibits the
interaction of RANKL and its receptor (RANK). Inhibition of the RANK-RANKL
interaction prevents receptor activation and clustering and the downstream signaling from the
receptor. RANKL-induced RANK signaling is essential for the formation, function, and
survival of mature osteoclasts, which are responsible for bone resorption. The resulting
decrease in bone resorption leads to an increase in bone mass. As an IgG2, it is expected that
denosumab would not have significant antibody dependent cell-mediated cytotoxicity
(ADCC) or complement dependent cytotoxicity (CDC) activities (Salfeld, JG, Nature
Biotechnology 25:1369, 2007).

The antibody was derived using XenoMouse technology to create a fully human antibody
sequence within an IgG2« framework. Denosumab is expressed in genetically engineered
mammalian cells (Chinese hamster ovary). As a mammalian cell-expressed
immunoglobulin, denosumab is a glycoprotein. The glycosylation structures have been
characterized. Structurally, denosumab exhibits the heterogeneity previously identified for
IgG2 antibodies; IgG2 antibodies have been shown to dimerize and to contain heterogeneity
due to disulfide bonding variation (Yoo, EM, et al., J. Immunol. 170:3134, 2003, Wypych, J,
et al., J. Biol. Chem. 283:16194, 2008). Parameters including product-related species such
as these have been assessed for potential impact on antibody binding, efficacy, and
pharmacokinetic activities. Production and purification are performed using standard
antibody manufacturing techniques. Immunogenicity of the drug product was assessed using
ECL bridging assays for detection of binding antibodies, including pre-existing and transient
antibodies; less than 1% of the subjects tested positive using these assays. The binding
antibodies that were detected were evaluated for neutralizing activity using a cell-based assay
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representative of the denosumab mechanism of action; no neutralizing antibodies were
detected.

2.2 Overview of Pharmacology and Toxicology

Important issues related to pharmacology/toxicology evaluations were as follows:

e Denosumab is not pharmacologically active in rodents (mice or rats), the monkey was
the only relevant species for animal testing of the effect of denosumab. Safety
evaluation programs should normally include two relevant species, however,
according to the ICH S6 guidance for preclinical safety evaluation of biotechnology
derived products, one relevant species may suffice in certain justified cases.

e (Carcinogenicity studies were not conducted with denosumab due to lack of an
appropriate test species. While the Applicant does have a surrogate knock-in mouse
model with huRANKL that was used primarily for pharmacology studies, it is not an
appropriate model for carcinogenicity studies due to adaptive responses during
development.

e Embryofetal reproductive toxicity studies may not have optimally assessed fetal
toxicity to denosumab. While dosing occurred during the period of primate
organogenesis (gestation days 20-50), antibodies do not typically cross the placenta
until later in development. Therefore, the study likely only assessed potential
secondary effects of denosumab on the fetus resulting from maternal exposure. In
addition, only limited organs were evaluated by histopathology, and fetal lymph
nodes were not examined. This would have been beneficial since signaling via
RANK has been shown to be required for lymph node development in mice. The
published literature shows that RANK-RANKL signaling during pregnancy is
involved in a crucial step in breast development and lactation. In RANK/RANKL
knockout mice, there is impaired lymph node formation, and absence of lactation due
to inhibition of mammary gland maturation. As the target population for this study is
postmenopausal women, this is not a major concern for this product. This may be an
issue for women of reproductive age (hormone ablation population may include
young women with breast cancer and hormone ablation therapy).

e Possible signs of immune suppression were noted at denosumab doses > 10mg/kg in a
12-month toxicity study in monkeys, including deaths of 2 high dose males due to
protozoal infection, and an increased incidence of abscesses of the teeth and jaws in
mid-dose and high dose females. In a 16-month pharmacology (bone quality) study,
the total lymphocyte count was slightly and statistically significantly decreased for
the high denosumab dose. Absolute counts of CD3+/CD8+ cytotoxic T lymphocytes
were also slightly and statistically significantly decreased at the high dose compared
to controls.

e Finally, in neonatal rats, inhibition of RANK ligand with a construct of
osteoprotegerin bound to Fc (OPG-Fc) at high doses was associated with inhibition of
bone growth and tooth eruption. Adolescent primates dosed with denosumab at
greater than 27 times (10 mg/kg dose) the clinical exposure had abnormal growth
plates.
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2.3 Overview of Clinical Pharmacology

2.3.1 Pharmacokinetics

Denosumab showed dose-dependent, nonlinear pharmacokinetic (PK) profile (see Figure 1).
However, approximately dose-proportional increases in exposure were observed for doses >
60 mg (in the range of fixed doses of 60 to 210 mg). Following a 60 mg single subcutaneous
(SC) dose, maximum serum denosumab concentrations (Cp,x) are typically observed 1 to 4
weeks post-dose; after Cpax, serum denosumab levels decline over a period of 4 to 5 months
with a mean half-life of approximately 25 to 30 days. No accumulation in serum denosumab
concentrations was observed with repeated doses of 60 mg once every 6 month (Q6M), and
denosumab PK did not appear to change with time (up to 4 years exposure).

Figure 1. Mean Serum Denosumab Concentration-Time Profiles following SC
Administration of 60 mg or 1 mg/kg to Postmenopausal Women (From Studies
20010124, 20010223, 20030164, and 20030180)
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Because denosumab is a monoclonal antibody and is not eliminated via hepatic metabolic
mechanisms (e.g., by cytochrome P450 [CYP] enzymes), hepatic impairment and drug
interaction studies (e.g., with CYP inhibitors or inducers) were not considered appropriate by
the Applicant and have therefore not been conducted. However, a study including transition
from a bisphosphonate to denosumab was conducted and allowed indirect evaluation of drug
interactions when compared to results from other studies. The PK of denosumab was not
altered in subjects who transitioned from bisphosphonates to denosumab. A renal impairment
study was conducted in patients with normal, mild, moderate, severe, and end-stage renal
disease. No notable relationship was observed between denosumab PK and renal function
and it was concluded that no dose adjustment is necessary in patients with renal impairment.
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2.3.2 Pharmacodynamics

Denosumab administration resulted in significant inhibition of bone resorption, as assessed
by reductions in serum levels of Type 1 C-telopeptide (CTX1). In clinical studies, 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% (Studies 20030216 and
20040132), with reductions of approximately 85% occurring by 3 days (Study 20010223).
Serum CTX1 reductions in bone turnover appeared to be maintained throughout the dosing
interval (6 months). At the end of the dosing cycle, some attenuation of bone resorption
inhibition was observed (Figure 2), 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 (Figure 2).

Figure 2. Mean Serum Denosumab Concentration and Mean Percent Change from
Baseline for Serum CTX1 and Lumbar Spine BMD following Two 60 mg Q6M Doses of
Denosumab to Post menopausal Women with Low BMD (From Study 20010223)
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2.3.3 Exposure-Response

A population PK analysis showed that age, race and disease status had no significant effect
on the denosumab PK parameters. Although body weight was identified as a covariate for
clearance, body weight did not appear to affect the incidence of new vertebral fractures and
change in the BMD levels. Therefore, a fixed dosing regimen appears to be appropriate for
all patients.
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2.4 Overview of Clinical Studies

The Applicant has investigated the safety and efficacy of denosumab for the treatment of
postmenopausal osteoporosis, prevention of postmenopausal osteoporosis, treatment and
prevention of bone loss in patients undergoing hormone ablation for breast cancer and
treatment and prevention of bone loss in patients undergoing hormone ablation for prostate
cancer. Some studies for other indications have contributed to the overall safety database for
denosumab.

Appendix 2 contains a listing of the Applicant’s Phase 1, Phase 2 and Phase 3 studies with
summary information on overall design, treatment groups, number of subjects, and study
duration. In total the Applicant completed 12 Phase 1 studies that include standard
pharmacokinetic and pharmacodynamic studies as well as a renal impairment study. The
Applicant completed 7 Phase 2 studies, including dose-finding study (20010223). The
Applicant completed 11 Phase 3 clinical trials. The primary clinical trials in support of the
safety and efficacy of denosumab for each of the proposed indications are as follows:

A) 20030216 - treatment of postmenopausal osteoporosis

B) 20040132 - prevention of postmenopausal osteoporosis

C) 20040135 - treatment and prevention of bone loss in patients undergoing hormone
ablation therapy for breast cancer

D) 20040138 - treatment and prevention of bone loss in patients undergoing hormone
ablation therapy for prostate cancer

2.5 Dose Selection for Phase 3 Studies

Study 20010223 was a Phase II dose finding study that examined 7 different SC doses of
denosumab and 1 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 as follows: 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 and objectives were adequate to assess dose
response.

The Applicant selected one dose (60 mg SC Q6émonths) for the four Phase 3 pivotal trials for
treatment of postmenopausal osteoporosis (20030216), prevention of postmenopausal
osteoporosis (20040132), bone loss associated with hormone ablation for prostate cancer
(20040138), and bone loss associated with hormone ablation for breast cancer (20040135).
The Applicant provided the following rationale for the dose selection:

“Evaluation of markers of bone resorption (eg, serum CTX1) and BMD data from
all anatomic sites indicated that: (1) despite more prolonged reductions in bone
resorption markers over a six month dose interval, the doses higher than 60 mg
did not result in greater gains in BMD, and (2) doses of 30 mg every 3 months
and 60 mg every 6 months displayed, overall, similar PD activity. Furthermore,
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denosumab doses > 60 mg administered every 6 months were at least as effective
as 70 mg of alendronate administered once a week. Since denosumab was
effective when dosed using either a 3- or a 6-month dosing interval, the 6-month
dosing interval was selected because it is more convenient and may increase
compliance.”

Dose-response relationship data for lumbar spine BMD in the denosumab continuous
treatment cohorts are shown in Figure 3. In the first 24 months of the study, subjects
received a subcutaneous injection of denosumab as follows: 6 mg, 14 mg, or 30 mg Q3
months; or 14 mg, 60 mg, 100 mg, or 210 mg Q6émonths. In the remaining 24 months of the
study, subjects who had received denosumab 6 mg and 14 mg Q3months or denosumab 14
mg, 60 mg, and 100 mg Q6months then received denosumab 60 mg Q6months for the
remainder of the study; this group was classified as the continuous treatment cohort.

Figure 3. Study 223 Percent Change in Lumbar Spine BMD from Baseline
(Continuous-Treatment denosumab cohorts)
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Source: Clinical Study Report 20010223, Figure 9-1, page 169 of 9933.

2.6 Applicant’s Pivotal Phase 3 Clinical Studies
The applicant conducted 4 pivotal Phase 3 clinical trials that are listed below. Additional

information on the Phase 3 osteoporosis studies (overall design, treatment groups, number of
subjects, and subject demographics) can be found in Appendix 2. The primary clinical trial
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in support of the safety and efficacy of denosumab for the treatment of osteoporosis
(Study 20030216) is described in detail in Sections 3 and 4.

2.6.1 Treatment of Postmenopausal Osteoporosis

Study 20030216 - an international, multicenter, randomized, double-blind, placebo
controlled study to evaluate denosumab in the treatment of postmenopausal osteoporosis.
This 3-year study enrolled 7868 subjects (60 subjects from one site were excluded due to
Good Clinical Practice (GCP) violations), randomized to denosumab or placebo.

2.6.2 Prevention of Postmenopausal Osteoporosis

Study 20040132 - a randomized, double-blind study to evaluate denosumab in the prevention
of postmenopausal osteoporosis. This 4-year study enrolled 332 women (denosumab — 166,
placebo — 166); subjects received therapy for 24 months and were monitored for an
additional 24 months.

2.6.3 Treatment and Prevention of Bone Loss with Hormone Ablation for Breast Cancer

Study 20040135 - a randomized, double-blind, placebo-controlled study to evaluate
denosumab in the treatment of bone loss in subjects undergoing aromatase inhibitor therapy
for nonmetastatic breast cancer. This 4-year study enrolled 252 subjects (denosumab -127,
placebo - 125); subjects received therapy for 24 months and were monitored for an additional
24 months.

2.6.4 Treatment and Prevention of Bone Losswith Hormone Ablation for Prostate
Cancer

Study 20040138 - a randomized, double-blind, placebo-controlled study to evaluate
denosumab in the treatment of bone loss in subjects undergoing androgen-deprivation
therapy for nonmetastatic prostate cancer. This 5-year study enrolled 1,468 subjects
(denosumab — 734, placebo — 734); subjects received therapy for 36 months and were
monitored for an additional 24 months.

2.7 Applicant’s Other Phase 3 Studies

Study 20050141: This was a multicenter randomized, double-blind, active controlled,
double-dummy, parallel-group study to compare the Efficacy of Treatment with Denosumab
versus Alendronate Sodium in Postmenopausal Women with Low Bone Mineral Density.
1189 subjects were enrolled into the study, with 1:1 randomization. Primary endpoint was
percent change from baseline in BMD at the total hip as measured by DXA at 12 months in
postmenopausal women. At month 12, the mean percent change in total hip BMD was 3.5%
in the denosumab and 2.6% in the alendronate group (1-sided p < 0.0001). Clinical fractures
were reported by the investigators for 18 subjects (3%) in the denosumab group and 13
subjects (2%) in the alendronate group.
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Study 20050234: This was a phase 3b multicenter, randomized, double-blind, active-
controlled, double-dummy, parallel-group study to evaluate safety and efficacy of
transitioning therapy from alendronate to denosumab in postmenopausal women with low
bone mineral density. The trial randomized (1:1) 504 women with BMD T score < -2.0 and
> -4.0 at the lumbar spine or total hip. The primary objective of this study was to evaluate the
effect of denosumab 60 mg Q6M on total hip bone mineral density (BMD) at 12 months in
postmenopausal women with low BMD previously treated with alendronate 70 mg every
week or equivalent compared to that in subjects continuing on alendronate therapy.

The mean percent change from baseline in total hip BMD at month 12 was 1.90% in the
denosumab group and 1.05% in the alendronate group with a difference of 0.85% (95% CI:
0.44, 1.25). Bone biopsy evaluation of labeling status and histomorphometric parameters
showed decreased bone turnover in subjects treated with denosumab compared to
alendronate.

Study 20060289: This is an ongoing, multinational, multicenter, open-label, single-arm 2
year extension study to evaluate long term safety and sustained efficacy of denosumab in the
treatment of postmenopausal osteoporosis; enrolled 4550 subjects who completed Study
20030216. In this study, serum calcium assessments were obtained in all subjects at day 10 +
5 days to further characterize the timing and magnitude of maximal reductions in serum
calcium after denosumab dose.

3 DESIGN OF THE PIVOTAL PHASE 3 TRIALS
3.1 Study 20030216

Study 20030216: This was an international, multicenter, randomized, double-blind placebo-
controlled clinical trial.

Objectives:
The primary objective was to determine whether denosumab treatment can reduce the

number of postmenopausal osteoporotic women (BMD T-score below —2.5) with new
vertebral fractures as compared with control (placebo plus vitamin D and calcium) at 3 years.

The secondary objectives were to assess the effect of denosumab on 1) time to first non-
vertebral fracture, 2) time to first hip fracture, 3) characterization of the safety and
tolerability profile in postmenopausal women.

Study design and methods:

Subjects were randomized (1:1) to receive either denosumab (60 mg) or placebo every 6
months (Q6M) subcutaneously (SC) for 3 years. All subjects received daily calcium (> 1 g)
and vitamin D (> 400 IU) supplementation throughout the study. Randomization was
stratified by age at study entry: 60 to 64 years, 65 to 69 years, 70 to 74 years, and > 75 years.
The following constraints were placed on the proportion of subjects in each age group to
ensure that an appropriate age distribution is achieved to evaluate the effect of denosumab on
hip fracture incidence:
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e A maximum of 5% of subjects 60-64 years of age may be enrolled.

e FEither a minimum of 35% of subjects must be 75 years or older, or a minimum of 70% of

subjects must be at least 70 years of age.

The general study scheme is presented in Figure 4:

Figure 4: Study Schema
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Planned Study Visits 2

Study visits occurred every 6 months, for a total of 6 visits over 3 years. Telephone contacts
were conducted every 3 months in between scheduled visits. The last scheduled dose of
investigational product was at Month 30; subjects were followed until Month 36.

Study Conduct:

All subjects had lateral spine X-rays taken at Screening, month 12, 24 and 36/early
termination. Additionally, a lateral spine x-ray was done at Month 6 if the subject had a
suspected fracture based on Vertebral Fracture Analysis (VFA) or if VFA technology was
not available at the study center. VFA of the spine by DXA was collected at Baseline/Day 1
before dosing and Month 6 if the VFA by DXA technology were available at the study
center.

All subjects had a DXA of the spine at Screening and month 36/early termination. All
subjects had a DXA of the proximal femur at Screening and at months 12, 24 and 36/ET.
DXA spine was also performed at Month 24 for subjects who discontinued treatment prior to
Month 24.

Adverse events, clinical fracture recording, concomitant medications recording and disability
back pain questionnaires were assessed at every 3 months. For this, telephone contact was
sufficient, visit was not required.
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In addition to the primary study in which all subjects participated, several sub-studies also
were conducted within the main study. These substudies evaluated subjects at more frequent
visits compared to the whole population. The number of enrolled subjects for these sub-
studies is provided in Table 2.

Table 2: Sub-studies within Study 20030216

Substudy Enrolled N
Bone Biopsy Substudy 92
DXA Substudy 441
Bone Marker Substudy 160
PK Substudy 803
QCT Spine/Hip Substudy 209
QCT Distal Radius Substudy 182
Fracture Healing Substudy 25
Eligibility criteria

Inclusion Criteria
The target population was postmenopausal, ambulatory women, between 60 and 90 years old
with a BMD T-score between —2.5 and -4.0 at the lumbar spine or total hip.

Exclusion Criteria (Including, but not limited to)

e Any medication affecting bone metabolism:

Oral bisphosphonate (use less than 3 months allowed; 3 months — 3 years
exposure — 1 year wash-out; 3 or more years exposure — ineligible)
Within 5 years: intravenous bisphosphonate, fluoride or strontium
Within the last 6 weeks:

(e}
o
(e}

(e}
o

PTH or PTH derivatives, e.g., teriparatide

Anabolic steroids or testosterone

Glucocorticosteroids (> 5 mg prednisone equivalent per day for more than
10 days)

Systemic hormone replacement therapy, SERMs

Tibolone, Calcitonin, Calcitriol

Conditions affecting bone metabolism

©)

Hyper or hypothyroidism; patients on stable thyroid treatment with a
normal TSH allowed

Hyper- or hypoparathyroidism,

Hypocalcemia (albumin adjusted serum calcium 8.5 mg/dL)

Vitamin D deficiency (25-hydroxy Vitamin D level < 12 ng/mL). If repeat
12-20 ng/mL after repletion, subject was allowed

Rheumatoid arthritis, Paget’s disease
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o Malignancy (except basal cell carcinoma, cervical or breast ductal
carcinoma in situ) within the last 5 years

o Any bone disease, e.g., osteomalacia or osteogenesis imperfecta

o Malabsorption syndrome

Study Medication: All subjects received a subcutaneous injection of denosumab or placebo
administered by a health care professional every 6 months. Subjects were provided daily
supplements of calcium (> 1000 mg) and vitamin D (> 400 IU if screening level was > 20
ng/mL or > 800 IU if screening level was 12 to 20 ng/mL) throughout the study.

Efficacy Endpoints: The primary efficacy endpoint was the incidence of new vertebral
fractures at Month 36. Secondary efficacy endpoints included time to first non-vertebral
fracture and time to first hip fracture.

Vertebral fractures: Vertebral fractures were determined from X-rays of the lateral thoracic
and lumbar spine (T4-L4). All films were read by two independent radiologists at a Central
Reading Facility using the semi-quantitative methodology described by Genant (Genant HK,
J Bone Miner Res. 1993; 8:1137-1148.). If there were disagreement, a third radiologist
adjudicated the films independently. A prevalent vertebral fracture was defined as a fracture
(Genant grade > 1) present at baseline. A new vertebral fracture was defined as an increase
of > 1 grade in any vertebra from T4 to L4 from the previous grade of 0. A clinical vertebral
fracture was defined as a new vertebral fracture associated with any signs and/or symptoms
of a fracture.

Nonvertebral fractures: Nonvertebral fractures (osteoporotic) were those occurring on
study excluding those of the vertebrae (cervical, thoracic, and lumbar), skull, facial,
mandible, metacarpus, finger phalanges, and toe phalanges.

3.2 Study 20040132

Trial 132 was a multinational, multicenter, double-blind, placebo-controlled trial of 332
postmenopausal women with BMD T-scores of -1.0 to -2.5. The primary objective of this
study was to determine whether denosumab treatment can prevent lumbar spine bone loss (as
measured by percent change from baseline in the lumbar spine BMD [by DXA] at 24 months
of treatment) in both early and late postmenopausal women with low bone mass (lumbar
spine BMD T-score between —1.0 and —2.5). The secondary objectives were to assess the
effect of denosumab on BMD measured by DXA at the hip, distal radius, and total body and
to measure trabecular, cortical, and total volumetric BMD by quantitative computerized
tomography at the distal radius in both early and late postmenopausal women with low bone
mass.

Eligibility Criteria: Subjects were eligible for this study if they were a postmenopausal

woman not more than 90 years of age and have signed the written informed consent.
Subjects were not eligible for this study if they met any of the following criteria: long-term
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or recent bisphosphonate administration; use of IV bisphosphonate, fluoride (for
osteoporosis) or strontium within the last 5 years; use of any anabolic agent (e.g. parathyroid
hormone, teriparatide, anabolic steroids) within the last 6 weeks; evidence of diseases that
would interfere with calcium homeostasis (e.g. hyperthyroidism, hyperparathyroidism, bone
diseases, malignancy); enrollment in an investigational device or drug trial(s) within the past
30 days; any other condition which the investigator believes would prevent the subject from
completing the study or interfere with the interpretation of the study results.

Study Medication: Subjects were randomized (1:1) to receive either denosumab or placebo;
randomization was stratified by time since onset of menopause (< 5 years or > 5 years). All
subjects received daily supplementation of calcium (at least 1000 mg) and vitamin D (at least
400 IU) through month 48. During the off-treatment period (months 25 to 48), study drug
was discontinued and all subjects continued with their calcium and vitamin D
supplementation.

Efficacy Endpoints: The primary efficacy endpoint was percentage change in lumbar spine
BMD at 24 months of treatment in both early (< 5 years since menopause) and late (> 5 years
since menopause) postmenopausal women with low bone mass. Key secondary endpoints
were percentage change in BMD at the total hip, femoral neck, trochanter, distal 1/3 radius,
and total body at 24 months. The incidence of new vertebral fractures at or before month 24
and the incidence and time to first clinical fracture at or before month 24 was among many
exploratory endpoints in this study. A 24 month off-treatment follow-up period was ongoing
at the time the BLA was submitted.

3.3 Study 20040135

Trial 135 was a multinational, multicenter, double-blind, placebo-controlled trial involving
252 patients with breast cancer receiving adjuvant aromatase inhibitor therapy following
definitive local therapy.

Eligibility Criteria: Eligible patients had an Eastern Cooperative Oncology Group (ECOGQG)
score of 0 or 1 with no distant metastasis, no evidence of unstable systemic disease, no recent
exposure to bisphosphonates or other medications having an influence on bone metabolism,
no other concurrent therapy for cancer, no history of fractures after age 25, and lumbar spine,
total hip, and/or femoral neck BMD T-score of -1.0 to -2.5 (low bone mass).

Study Medication: 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.
Randomization was stratified by the planned 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.

Efficacy Endpoints: 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.
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There were no neoplastic disease assessments specified as part of the trial and such data were
not captured during the conduct of the trial. Survival rate at month 24 was an exploratory
endpoint.

3.4 Study 20040138

Trial 138 was a multinational, multicenter, double-blind, placebo-controlled trial involving
1468 patients with 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.

Eligibility Criteria: Eligible patients were ECOG performance status 0, 1, or 2, with no
distant metastasis, no evidence of unstable systemic disease, no recent exposure to
bisphosphonates or other medications having an influence on bone metabolism, = 70 years,
or <70 years with 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), had BMD T-score at
the lumbar spine, total hip or femoral neck not < -4.0.

Study Medication: 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.
Randomization was stratified by age group (< 70 years vs. 2 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.

Efficacy Endpoints: 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 assess effects on disease-free survival based on bone scan
or PSA results. Survival rate at 36 months was an exploratory endpoint.

4 EFFICACY FINDINGS FROM the PIVOTAL PHASE 3 TRIALS

4.1 Study 20030216 (PMO fracture study)

4.1.1 Subject Enrollment and Disposition

This multinational study enrolled 7868 subjects, of which 355(5%) came from United States.
60 subjects from Lithuania site 803 were excluded from all efficacy and safety analysis
before unblinding, due to Good Clinical Practice (GCP) violations. Therefore, the ITT
population consisted of 7808 subjects (denosumab: 3902 subjects, placebo: 3906 subjects).
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Overall, 3206 subjects (84%) in the denosumab group and 3272 subjects (82%) in the
placebo group completed the study (Table 3).

Table 3: Subject Disposition in Study 20030216

Placebo Denosumab
Subject Disposition N (%) N (%)
Randomized 3902 (100%) 3906 (100%)
Discontinued study prior to Month 36 700(17.9%) 630(16.1%)
Completed IP' 67(1.7%) 79(2%)
Completed study 3206 (82.1%) 3272 (83.9%)
Completed IP 2882 (73.8%) 3052 (78.2%)
Discontinued IP 324 (8.3%) 220 (5.6 %)
Analyzed for primary endpoint (ITT) 3902 3906
Analyzed for adverse events (safety
population, subjects who received at least 3876 3886
one dose of IP)
'IP= Investigational product.

4.1.2 Demographics

All participants were females, a majority of whom were Caucasian (approximately 92%).
The mean age at randomization was 72 years with 32% being > 75 years old. The mean BMI
was 26 kg/m2 and the average number of years since menopause was 24 years. Prevalent
morphometric vertebral fractures at baseline in 23.8% of subjects in the denosumab group
and 23.4% subjects in placebo group. Baseline mean BMD T-scores at the lumbar spine,
total hip, femoral neck, and trochanter were -2.8, -1.9, -2.2, and -1.5, respectively, for both
treatment groups. Baseline subject demographics were balanced between the treatment
groups (Table 4).

Calculation of fracture risk by FRAX tool:

Before database lock and unblinding, probabilities of 10-year major osteoporotic and hip
fracture risk for each subject were generated by an independent statistical service provider
(Helena Johansson, Kalserud 124, 460 64 Friandefors, Sweden). The 10-year osteoporosis
fracture risk and hip fracture risk by the FRAX tool were approximately 19% and 7%,
respectively, in both treatment groups (Table 4).
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Table 4: Demographics and baseline disease characteristics for subjects in study
20030216 (PMO fracture trial)

Placebo Denosumab
(N =39006) (N =3902)
Demographics
Ethnic group / race, n (%)
White or Caucasian 3629 (92.9) 3609 (92.5)
Black or African American 27 (0.7) 30 (0.8)
Hispanic or Latino 232 (5.9) 241 (6.2)
Asian 8(0.2) 9(0.2)
Japanese 4(0.1) 7(0.2)
Native Hawaiian or Pacific Islander 2 (<0.1) 0 (0.0)
Other 4(0.1) 6 (0.2)
Age (years), mean (SD) 72.3 (5.2) 72.3 (5.2)
Age group, n (%)
60 - 64 years 208 (5.3) 206 (5.3)
>65 years 3698 (95) 3696 (95)
> 75 years 1236 (32) 1235 (32)
BMI, mean (SD) 26 (4.2) 26 (4.1)
Years since menopause, mean (SD) 24.2 (7.5) 24.2 (7.4)
Baseline disease characteristics
Baseline Fracture History
Baseline prevalent vertebral fracture 23.4% 23.8%
Nonvertebral fracture 38.6% 39.1%
Baseline BMD
Mean Lumbar spine BMD T scores -2.84 -2.82
Mean Total hip BMD T scores -1.91 -1.89
Mean Femoral neck BMD T-scores 2.17 -2.15
Fracture risk by FRAX tool
10-year osteoporotic fracture risk 18.7% 18.5%
10-year hip fracture risk 7.19% 7.24%

Source: This table is from analysis of ASLINFO dataset and combining several tables supplied by the
Applicant.

Biomarkers of bone turnover:

Mean (SD) baseline serum concentrations of CTX1 and TRAP 5b, PTH, serum calcium, and
phosphorous were similar between the 2 treatment groups. Baseline rate of smoking and
alcohol use were similar between the two treatment groups. At baseline, almost all subjects
(99.3%) reported using calcium and vitamin D supplementation. A history of osteoporosis
medications was low and similar between the two study groups.
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4.1.3 Primary efficacy endpoint:

The results of the Applicant’s primary efficacy analysis (subject incidence of new vertebral
fractures) are shown in Table 5. Based on the analysis, there was a statistically significant
reduction in the number of subjects with new vertebral fractures through each of Years 1, 2,

and 3.

Table 5: Subject Incidence, Absolute Risk Reduction, and risk Ratio for New Vertebral

Fracture through Month 36 (Primary Efficacy Analysis Set, LOCF Imputation)

Number Plac. Denos. Absolute | Relative | Risk Ratio | P value
(%) of (N=3902) | (N=39006) risk risk 95% CI)
subjects reduction | reduction
%, 95% %, 95%
CI CI
0-1 year 82/3691 32/3702 1.4 61 0.39 <0.0001
(2.2%) (0.9%)
(0.8,1.9) (42,74) (0.26, 0.58)
0-2 years 183/3691 53/3702 3.5 71 0.29 <0.0001
(5.0%) (1.4%)
(2.7,4.3) (61,79) (0.21, 0.39)
0-3 years 264/3691 | 86/3702 4.8 68 0.32 <0.0001
. (7.2%) (2.3%) (3.9,5.8) (59,74) (0.24,0.51)
Primary
endpoint

P value is based on Mantel-Haenszel method adjusting for age stratification variable

Subgroup analyses:

In subgroup analyses, denosumab significantly decreased risk of new vertebral fracture at
month 36 (p < 0.0001) in all subgroups of baseline characteristics examined (subgroups of
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 FRAX, prior use of
medication for osteoporosis and serum CTX1). The results remain significant and consistent
when analyzed by prevalent vertebral fracture or non-vertebral fracture at baseline.

4.1.4 Secondary efficacy endpoint:

Secondary efficacy endpoints include the following:
e Time to first non-vertebral fracture, assessed at the time of the 36-month analysis,
e Time to first hip fracture, assessed at the time of the 36-month analysis.

Nonvertebral fractures were those occurring on study excluding those of 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
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confirmed either by radiographs or other diagnostic images such as computerized
tomography (CT) or magnetic resonance imaging (MRI), or by documentation in a radiology
report, surgical report, or discharge summary.

Denosumab significantly reduced the risk of nonvertebral fracture compared to placebo (p =
0.0106) as shown in Table 6. 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.

Denosumab significantly reduced the risk of hip fracture compared to placebo. The subject
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.

Table 6: Study 20030216: Subject Incidence, Absolute Risk Reduction, and Hazard
Ratio for Nonvertebral and Hip Fracture Through Month 36 (Full Analysis Set)

Number Crude Kaplan-Meier Absolute Hazard Ratio® | p-value
of Events | Incidence | Estimate of Incidence Risk (95% C.L)
% at Month % Reduction' at
36 Months

% (95% C.L.)

Nonvertebral fracture

12 24 36

Denosumab 1.5 0.80

238 6.1 2.6 4.6 6.5 0.0106
(N=3879) (0.3,2.7) (0.67, 0.95)
Placebo

293 7.5 3.1 5.8 8.0
(N=3883)

Hip fracture
D b 0.3 0.60
enosuma 26 0.7 03 | 04 | 07 0.0362

(N=3879) (-0.1,0.7) (0.37,0.97)
Placebo

43 1.1 0.6 0.9 1.2
(N=3883)

Source: Table 9-5 and 9-6, page 251, Study 20030216 report and Statistical Reviewer’s calculation.

! Absolute risk reduction based on inverse variance-weighted method adjusting for age stratification
variable.

? Hazard ratio and p-value based on Cox proportional hazards model stratified by age stratification variable.

4.1.5 Important Tertiary Endpoints:
Bone Mineral Density

Denosumab treatment increased BMD in the lumbar spine and total hip compared to placebo.
Denosumab increased lumbar spine BMD compared with placebo, with a mean difference
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between the treatment groups in change from baseline to Month 36 of 8.8%. Total hip BMD
increased in denosumab group compared to placebo, with a mean difference between the
treatment groups in change from baseline to Month 36 of 6.4% (Table 7).

Table 7: Lumbar Spine and Total Hip Bone Mineral Density by DXA Percent Change
from Baseline at Month 36 (Primary Efficacy Population, LOCF)

Location N Difference from |Difference from P Value
Baseline+% Placebo+ %
(95% C.1.)

Lumbar Spine

Placebo 3160 0.6

Denosumab 3203 9.4 8.8 (8.6,9.1) <0.0001
Total Hip

Placebo 3608 -1.4

Denosumab 3624 5.0 6.4 (6.2, 6.6) <0.0001

+ Based on an ANCOVA model that includes treatment, age stratification variable, baseline value, machine
type, and baseline value-by-machine type interaction

Subgroup analyses: Increases from baseline to month 36 in lumbar spine BMD in body
weight subgroups (< 55; 55 to < 65; 65 to < 75; and > 75 kg) were similar among
denosumab-treated subjects within those subgroups (9.3%, 9.7%, 9.2%, and 9.3%,
respectively). As expected, and consistent with observations in other studies, subjects treated
with placebo who weighed more did not lose BMD as rapidly (-0.3%, 0.4%, 0.8%, and 1.8%,
respectively). Thus, the difference between the denosumab and placebo groups decreased
with increasing body weight (9.6%, 9.3%, 8.4%, and 7.5%, respectively). A similar trend was
noted for the BMI subgroups for lumbar spine, and body weight as well as BMI subgroups
for total hip BMD.

Biochemical Markers of Bone Turnover

Denosumab reduced biomarkers of bone turnover at each time point in the Biomarker Sub-
study. These markers included bone resorption markers (CTX and TRAP 5b), and bone
formation markers (N-terminal Propeptide Type I Procollagen and bone specific alkaline
phosphatase). The percent changes from baseline to Month 36 for these biomarkers are
summarized in Table 8.

32



Table 8: Percent Change from Baseline through Month 36 in Serum Bone Markers
(LOCF)

Placebo Denosumab
mean (SD) %Chg mean (SD) %Chg

LAB Test Name From BL From BL
Markers of Bone resorption

Serum C-Telopeptide -1.9(46) -53.4(44)
Tartrate-Resistant Acid Phosphatase 5b 5.1(34) -26.2(30)
Markers of Bone formation

Bone-Specific Alkaline Phosphatase 0.2(28) -13.9(21)
IN-terminal Propeptide Type I Procollagen 2.5(73) -40.1(38)

Source: This table is based on analysis from albbnsp dataset including subjects who received > 1 IP dose.

Treatment with denosumab resulted in reductions in concentrations of serum CTX1, a marker
of bone resorption, relative to placebo at each post-baseline assessment (p < 0.0001 at all
time points) (Figure 5). Similarly, tartrate-resistant acid phosphatase 5b levels were
decreased compared to placebo at each post-baseline assessment starting at month 1.
Treatment with denosumab reduced concentrations of BALP and PINP relative to placebo at
each post-baseline assessment beginning with month 6 through 36.

Figure 5: CTX1 % change from baseline by visit
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4.2 Study 20040132 (PMO prevention study)

The primary efficacy endpoint in this study was percentage change in lumbar spine BMD at
24 months of treatment in both early (< 5 years since menopause) and late (> 5 years since
menopause) postmenopausal women with low bone mass. Key secondary endpoints were
percentage change in BMD at the hip, distal radius, and total body at 24 months and percent
change in trabecular, cortical, and total volumetric BMD as measured by quantitative
computerized tomography (QCT) at the distal radius at 24 months.

Table 9: Demographics and baseline disease characteristics for subjects in study

20040132 (PMO prevention trial)

Placebo Denosumab
(N =166) (N =166)
Age (years), mean (SD) 58.9 (7.5) 59.8 (7.4)
Age group, n (%)
> 65 years 33 (20) 39 (23)
> 75 years 6 (4) 9 (5)
Ethnic group, n (%)
White or Caucasian 137 (83) 137 (83)
Black or African American 6 (4) 8(5)
Hispanic or Latino 13 (8) 10 (6)
Asian or Japanese 8(5) 9(5)
Other 2(1) 2(1)
BMI, mean (SD) 26.2 (4.8) 26.6 (4.8)
Years since menopause
<5 years 81 (48.8) 81 (48.8)
> 5 years 85(51.2) 85 (51.2)
Prevalent vertebral fracture, n (%) 0 (0) 1(1)
Baseline LS BMD T-score, mean (SD) -1.66 (0.44) -1.55(0.41)

The results of the primary efficacy analyses are shown in Table 10. There was a statistically
significant increase in lumbar spine BMD for denosumab compared to placebo at 24 months
(denosumab +6.5%, placebo -0.6%) based on the least squares of the mean. This statistically
significant increase in lumbar spine BMD with denosumab was observed for all subjects,
subjects < 5 years since menopause, and subjects > 5 years since menopause. The overall
treatment difference was +7% (95% CI: 6.2, 7.8), with the greatest treatment effect in
subjects < 5 years since menopause. Consistent effects on lumbar spine BMD were observed
regardless of baseline age, race, weight/BMI, BMD, and menopause stratum.
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Table 10. Trial 132 Percent Change From Baseline to Month 24 in Lumbar Spine BMD
by DXA (ANCOVA Model, Primary Efficacy Subset, LOCF)

Difference from Baseline® Difference from Placebo”
Least
Treatment Arm Squares LS
/ Stratum n (LS) Mean C.IL" Mean C.I." | P-value
Overall

Placebo

(N =163) 163 -0.6 (-1.2,0.1)

Denosumab (6.2,

(N =163) 163 6.5 (5.8,7.2) 7 7.8) <0.0001
< 5 years since menopause

Placebo

(N = 80) 80 -1.2 (-2.3,-0.2)

Denosumab (6.1,

(N=179) 79 6.2 (5.1,7.3) 7.4 8.7) <0.0001
> 5 years since menopause

Placebo

(N =383) 83 0.1 (-1.0,1.2)

Denosumab (5.4,

(N =84) 84 6.8 (5.6,7.9) 6.7 8.0) <0.0001

n = Number of subjects with values at baseline and at > 1 post-baseline visit at or prior to the time point of
interest

N = Number of subjects with values at baseline and at least > 1 post-baseline visit

a Based on an ANCOV A model (for each stratum) that adjusts for treatment, baseline value, machine type, and
baseline value-by-machine type interaction; the model (for overall assessment) also adjusts for strata.

b 97.5% CI for each stratum and 95% CI for the overall assessment

Source: Clinical Study Report for Study 20040132 (24-month results), Table 9-1, page 133 of 2440.

For key secondary endpoints, the treatment differences from baseline to month 24 in BMD
were statistically significant at the total hip with 4.5% (95% CI: 4.0, 5.0), femoral neck with
3.7% (95% CI: 2.9, 4.4), trochanter with 6.0% (95% CI: 5.3, 6.6), distal 1/3 radius with 3.5%
(95% CI: 2.8, 4.3), and total body with 3.8% (95% CI: 3.1, 4.5) (p < 0.0001 at all sites).

The Applicant determined that there were clinical fractures in 2 subjects (1%) in the
denosumab group and 7 subjects (4%) in the placebo group (all fractures confirmed by
central imaging vendor). All of the clinical fractures were non-vertebral fractures. Fractures
were reported as adverse events for 9 subjects (6%) in the denosumab group and 14 subjects
(9%) in the placebo group.

4.3 Study 20040135 (Hormone ablation - breast cancer study)
Disposition: As outlined in Table 11, 252 subjects were enrolled in the trial and 249 subjects

received at least one dose of study medication. Ninety-nine subjects (79%) in the placebo
group and 106 subjects (83%) in the denosumab group completed the 24-month treatment
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period. Consent withdrawn was the most common reason for study discontinuation [9

subjects (7%) in the placebo group and 11 subjects (9%) in the denosumab group] (Table 11).

Table 11: Subject Disposition for Study 20040135 (Hormone ablation — Breast cancer)

Placebo Denosumab
Subject Disposition N (%) N (%)
Randomized 125 (100) 127 (100)
Safety population (at least one dose of IP) 124 (99) 125 (98)
Discontinued study 26 (21) 21 (17)
Death 0(0) 1(1)
Disease progression 3(2) 1(1)
Adverse event 2(2) 0 (0)
Consent withdrawn 9(7) 11(9)
Noncompliance 4(3) 2(2)
Other 8 (6) 6 (5)
Completed study to month 24 99 (79) 106 (83)
Analyzed for primary endpoint (ITT) 122 123

Demographics: The baseline demographic characteristics were balanced between the two

treatment groups. The mean age of study participants was 59 years and the mean time since
last menses was 13 years. The baseline BMD T-score was -1.06. Participants predominantly

had an ECOG status of 0 (Table 12).
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Table 12: Demographics and baseline disease characteristics for subjects in Study
20040135 (Hormone ablation — Breast cancer)

Placebo Denosumab
(N =125) (N=127)
Age (years), mean (SD) 59.7 (9.7) 59.2 (8.9)
Age group, n (%)
35 - <45 years 4 (3) 1(1)
45 - <55 years 37 (30) 40 (31)
55 - <65 years 43 (34) 51 (40)
65 - <75 years 32 (26) 29 (23)
> 75 years 9(7) 6 (5)
Ethnic group, n (%)
White or Caucasian 119 (95) 116 (91)
Black or African American 1(1) 1(1)
Hispanic or Latino 3(2) 5(4)
Asian or Japanese 1(1) 2(2)
Other 1 (1) 33
BMI, mean(SD) 28.1(5.5) 27.5 (5.6)
Years from last menses, mean (SD) 13.1 (10.3) 12.8 (10.8)
Duration of aromatase inhibitor therapy
< 6 months 46 (37) 43 (34)
> 6 months 79 (63) 84 (66)
Baseline LS BMD T-score, mean (SD) -0.98 (0.93) -1.13 (0.87)
ECOG status
0 105 (84) 114 (90)
1 14 (11) 13 (10)
unknown 6 (5) 0(0)

The primary endpoint was the percentage change in lumbar spine BMD from baseline to
month 12. The secondary endpoints were the 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. The secondary efficacy endpoints analyses were contingent on
rejection of the primary null hypothesis at a level of 0.05 (2-sided) and used the Hochberg
procedure to adjust for multiplicity at level of 0.05. The primary analysis of the primary
endpoint of percentage change from baseline to month 12 in lumbar spine BMD used an
analysis of covariance (ANCOVA) model including treatment as the main effect and
adjusting for duration of aromatase inhibitor therapy at study entry (< 6 months vs. > 6
months), baseline BMD value, machine type (Hologic and GE lunar), and the interaction
between baseline BMD and machine type as covariates. The point estimate for the least-
squares mean and the 2-sided 95% confidence interval (CI) for the treatment difference
(denosumab - placebo) at month 12 were used for primary conclusions for BMD efficacy in
the final analysis. Missing 12-month BMD data were imputed using the last-observation-
carried-forward (LOCF) method.
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The results of the primary efficacy analyses are shown in Table 13. There was a statistically
significant increase in lumbar spine BMD for denosumab compared to placebo at 12 months
(denosumab + 4.8%, placebo — 0.7%) based on a least square mean estimate. The treatment
difference 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/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. The trial was not designed to evaluate oncology treatment endpoints, e.g.,
progression-free survival (PFS), overall survival OS. All cause mortality included 2 deaths
for each treatment group at 24 months.

Table 13 Trial 135 BMD Percent Change from Baseline at Month 12 (LOCF)

Placebo Denos. Treatment difference
estimate estimate estimate | 95% CI | p-value
Lumbar Spine
n, ITT 122 123
-0.7 4.8 5.5 48,63 <0.0001
Femoral Neck
n, ITT 122 123
-0.6 1.9 2.5 1.6,3.3 <0.0001
Total Hip
n, ITT 122 123
-0.7 3.1 3.7 3.1,44 <0.0001

Fracture: No vertebral fractures were reported during the 24-month treatment period.

Eight subjects (6%) in the denosumab group and 8 subjects (6%) in the placebo group
sustained a nonvertebral fracture during the 24 months of the trial. Kaplan-Meier estimates
of the risk of nonvertebral fracture were 3.3% for the denosumab group and 3.5% for the
placebo group at month 12 and 7.2% for both treatment groups at month 24.

4.4 Study 20040138 (Hormone ablation - Prostate cancer study)

Disposition: As outlined in Table 14, 1468 subjects were enrolled in the trial and 1456
subjects received at least one dose of study medication. A total of 445 (61%) of subjects in
the placebo group and 367 (64%) subjects in the denosumab group completed the 36-month
treatment period. Consent withdrawn was the most common reason for discontinuation from
study. A number of subjects withdrew consent at month 24 because they were unwilling to
reconsent to an additional 12 months of blinded treatment.
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Table 14: Subject Disposition for Study 20040138 (Hormone ablation — Prostate cancer)

Placebo Denosumab
Subject Disposition N (%) N (%)
Randomized 734 (100) 734 (100)
Safety population (at least one dose of IP) 730 (99) 726 (99)
Discontinued study 289 (39) 267 (36)
Death 43 (6) 43 (6)
Disease progression 21 (3) 23 (3)
Adverse event 23 (3) 29 (4)
Consent withdrawn 143 (20) 127 (17)
Lost to follow-up 21 (3) 17(2)
Other 38(5) 28 (4)
Completed study to month 36 445 (61) 467 (64)
Analyzed for primary endpoint (ITT) 716 714

Demographics: Baseline demographics were balanced across treatment groups. Most subjects

(83%) were white and older than age 65 years (93%). The majority of subjects (63%) (460

denosumab, 460 placebo) were in the stratum of subjects > 70 years of age who had received
> 6 months of ADT among 4 groups stratification strata; the other 3 strata had fewer subjects,
but were balanced. Most participants qualified for the study based on age alone (> 70 years).

The baseline lumbar spine BMD T-score was -0.36, which is in the normal range.
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Table 15: Demographics and baseline disease characteristics for subjects in Study
20040138 (Hormone ablation — Prostate cancer)

Placebo Denosumab
(N =734) (N =734)
Age (years), mean (SD) 75.5(7.1) 75.3 (7.0)
Age group, n (%)
<60 years 20 (2.7) 24 (3.3)
60 - 69 years 103 (14.0) 100 (13.6)
70 - 79 years 396 (54.0) 405 (55.2)
80 -89 years 205 (27.9) 197 (26.8)
>90 years 10 (1.4) 8 (1.1
Ethnic group, n (%)
White or Caucasian 609 (83.0) 615 (83.8)
Black or African American 32 (4.4) 36 (4.9)
Hispanic or Latino 81 (11.0) 77 (10.5)
Asian 7(0.9) 6 (0.8)
Other 5(0.7) 0 (0)
ADT duration - months, mean (SD) 30.62 (33.26) 31.70 (33.80)
Prevalent vertebral fracture, n (%) 174 (23.7) 155 (21.1)
Baseline LS BMD T-score, mean (SD) -0.41 -0.31
ECOG status
0 538 (73.3) 552 (75.2)
1 174 (23.7) 154 (21.0)
2 21 (2.9) 28 (3.8)
unknown 1 (0.1) 0 (0.0)
Cancer disease history
time from initial diagnosis, years 4.91 (4.20) 4.97 (4.20)
chemical castration 685 (93.3) 678 (92.4)
surgical castration 61 (8.3) 77 (10.5)

Efficacy: The primary efficacy endpoint in this study was percentage change in lumbar spine
BMD from baseline to month 24. The primary analysis of the primary endpoint, the
percentage change from baseline to month 24 in lumbar spine BMD, was analyzed using an
analysis of covariance (ANCOVA) approach adjusting for baseline BMD value, machine
type (GE lunar versus Hologic), the interaction of baseline BMD value and machine type,
age group (< 70 years vs. > 70 years), and duration of ADT (< 6 months vs. > 6 months) as
covariates. Missing 24-month BMD data were imputed using the last-observation carried-
forward (LOCF) method. Secondary 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 level of 0.05.

The results of the primary efficacy analyses are shown in Table 16. There was a statistically
significant increase in lumbar BMD for denosumab compared to placebo at 2 years

40



(denosumab + 5.6%, placebo -1%) based on a least square mean estimate. The treatment
difference was 6.7% (95% CI: 6.2, 7.1). 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).

Table 16 Trial 138 BMD Percent Change from Baseline at Month 24 (LOCF)

Placebo Denos Treatment difference
estimate estimate estimate | 95% CI \ p-value
Lumbar Spine
n, [TT 716 714
-1.0 5.6 6.7 6.2,7.1 <0.0001
Femoral Neck
n, [TT 706 701
-1.5 2.49 3.9 44,5.1 <0.0001
Total Hip
n, ITT 706 701
-2.0 2.7 4.87 44,5.1 <0.0001

There was no observed decrease in the incidence of fractures from baseline to either 24 or 36
months. 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).

It should be noted that the trial was not designed to evaluate oncology treatment endpoints,
e.g., progression-free survival (PFS), overall survival. All cause mortality was 5.9% for both
treatment groups at 36 months.

Issue for Consideration: The Office of Oncology Drug Products requires that
supportive care oncology drug and biologic products administered to patients with
cancer that have the potential to either 1) inhibit the anticancer action of drugs used to
treat cancer or 2) enhance neoplastic progression by acting as growth factors, be
carefully evaluated in studies to identify any detrimental effects on cancer outcomes
(Progression free survival (PFS) or Overall Survival (OS)).

Neither trial contained prespecified, defined, rigorous plans to evaluate for potential
treatment effects on time-to-disease progression. There were no routine assessments for
neoplastic disease status included 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 all time points
during the treatment phase of the trial). During the follow-up safety phase of each trial
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there were no specific instructions contained in either protocol related to the assessment
of disease status.

In both trials, overall survival (at 24 months in Trial 135 and 36 months in Trial 138)
was a designated exploratory endpoint. However, neither trial was designed to detect a
clinically meaningful decrement in overall survival. Case report forms required
collection of survival data at various time points during the safety follow up phases for
each trial, and each statistical plan included a survival analysis. An analysis of OS was
not performed in trial 135 because the small number of deaths (one in each arm)
precluded meaningful results. The clinical study report for trial 138 included an
analysis of OS. There was no difference in overall survival between denosumab and
placebo in this trial. The proportion of subjects who were alive at 36 months, and the
Kaplan-Meier estimates of survival were identical (94% and 93%, respectively).

4.5 Summary of Efficacy

Study 20030216: Study 216 demonstrated that treatment with denosumab resulted in a
statistically significant improvement in the primary endpoint (reduction of the incidence of
new vertebral fracture) and key secondary endpoints compared to placebo at month 36. The
decreased risk of new vertebral fractures at month 36 (primary endpoint) by 68% (risk ratio:
0.32 [95% CI: 0.26, 0.41]; p < 0.0001) is clinically meaningful. Similar efficacy results were
observed in the primary analysis using different populations (ITT, mITT) and different
methods of missing data imputation (LOCF, At Visit). Efficacy results of secondary
endpoints were supportive of the findings of the primary endpoint.

Study 20040132: The use of denosumab 60 mg Q6months was associated with a statistically
significant increase in lumbar spine BMD at Month 24, as compared to placebo, for all
subjects, subjects < 5 years since menopause and subjects > 5 years since menopause (p-
value <0.0001). The overall treatment difference was +7% (95% CI: 6.2, 7.8), with the
greatest treatment effect in subjects < 5 years since menopause. Consistent effects on lumbar
spine BMD were observed regardless of baseline age, race, weight/BMI, BMD, and
menopause stratum. There were statistically significant increases in BMD at 24 months in
the key secondary endpoints, including a treatment difference at total hip of 4.5% (95% CI:
4.0, 5.0), femoral neck of 3.7% (95% CI: 2.9, 4.4), trochanter of 6.0% (95% CI: 5.3, 6.6),
distal 1/3 radius of 3.5% (95% CI: 2.8, 4.3), and total body of 3.8% (95% CI: 3.1, 4.5) (p <
0.0001 at all sites). There were few clinical fractures during the period of the study, with
slightly more fractures in the placebo group.

Study 2004013S5: In patients with breast cancer undergoing therapy with aromatase
inhibitors, treatment with denosumab 60 mg every 6 months resulted in a significant increase
in BMD at month 12 when compared to placebo. The overall treatment difference 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/BMI, prior chemotherapy, prior
selective estrogen receptor modulator (SERM) use, and time since menopause. There was no
difference between treatment groups in the incidence of vertebral or nonvertebral fractures.
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The trial was not designed to evaluate oncology treatment endpoints, e.g., progression-free
survival (PFS), overall survival. All cause mortality was 1% for both treatment arms.

Study 20040138: In prostate cancer patients undergoing androgen deprivation therapy,
treatment with denosumab 60 mg every 6 months resulted in a significant increase in BMD at
month 24 when compared to placebo. . The overall treatment difference was 6.7% (95% CI:
6.2, 7.1). 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. There was no observed decrease in
the incidence of fractures from baseline to either 24 or 36 months. The trial was not designed
to evaluate oncology treatment endpoints, e.g., progression-free survival (PFS), overall
survival. All cause mortality was 5.9% for both treatment groups at 36 months.

5 SAFETY FINDINGS
5.1 Overview of Safety Concerns with Inhibitors of RANKL

Denosumab is the first therapeutic product whose mechanism of action is via inhibition of
RANKL. While the primary function of denosumab appears to be inhibition of osteoclast
activation, RANKL also has important functions in the immune system. RANKL plays a
pivotal role in dendritic (antigen presenting) cell maturation and also in B-cell and T-cell
differentiation. Therefore, denosumab has the potential to affect multiple layers of the
immune system.

RANKL is a member of the tumor necrosis factor (TNF) superfamily. These proteins play a
role in the regulation of the immune system and hematopoiesis. TNF cytokines play an
important role many inflammatory responses. TNF gene mutations have been implicated in
common variable immunodeficiency (CVID). As outlined in Appendix 1, multiple
monoclonal antibody products that target the TNF superfamily are available. Adverse effects
of TNF-blockade include serious infection, early and delayed hypersensitivity reactions,
lupus-like syndrome, demyelinating disease and exacerbation of CHF.

With any therapeutic protein product, assessments of hypersensitivity reactions as well as
evaluation of immunogenicity and neutralizing antibody formation are important safety
evaluations.

These issues were evaluated in the safety review of denosumab.
5.2 Overview of the Safety Database for Denosumab

The denosumab clinical development program included data from approximately 14,000
subjects who participated in 30 denosumab clinical studies and up to 5 years of denosumab
exposure. The safety analysis population consisted of all subjects who received at least 1
dose of study drug. Clinical data from the two key Phase 3 studies for the PMO indication
(20030216 and 20040132) were integrated and analyzed to assess overall safety in the PMO
population. Clinical data from the two key Phase 3 studies for the Hormone Ablation
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indication (20040135 and 20040138) were integrated and analyzed to assess overall safety in
the cancer-related population.

Adverse events in the safety database for denosumab were captured by the study
investigators (verbatim adverse event terms). The Applicant then coded these verbatim
adverse event terms to preferred terms (PTs) in a medical coding dictionary. The medical
coding dictionary used in this application was the Medical Dictionary for Regulatory
Activities (MedDRA), version 11.0. MedDRA is a hierarchical medical coding dictionary
that is organized as follows:

System Organ Class (SOC)
High Level Group Term (HLGT)
High Level Term (HLT)
Preferred Term (PT)

5.2.1 Postmenopausal Osteoporosis

Key clinical trials to evaluate safety of denosumab 60 mg SC Q6months in postmenopausal
osteoporosis (PMO) were as follows:

a) Study 20030216 - an international, multicenter, randomized, double-blind, placebo-
controlled study to evaluate denosumab in the treatment of postmenopausal
osteoporosis. This 3-year study enrolled 7868 subjects (60 subjects from one site were
excluded due to GCP violations), randomized to denosumab or placebo.

b) Study 20040132 - a randomized, double-blind study to evaluate denosumab in the
prevention of postmenopausal osteoporosis. This 4-year study enrolled 332 women
(denosumab — 166, placebo — 166); subjects received therapy for 24 months and were
monitored for an additional 24 months.

Within the Primary PMO studies 20030216 and 20040132, more than 70% of subjects
received all 6 doses of investigational product as denosumab 60 mg or placebo SC
Qo6months. As shown in Table 17 below, fewer subjects in the placebo group completed all 6
doses, with roughly the same incidence of dropouts at each scheduled dose.

Table 17: Extent of exposure Studies 20030216 and 20040132

No. of Doses of Inv
Prod Received Placebo Denosumab 60 mg Q6M
1 225 (5.6%) 211 (5.2%)
2 202 ( 5%) 176 (4.3%)
3 216 (5.4%) 172 (4.3%)
4 294 (7.3%) 256 (6.3%)
5 218 (15.4%) 142 (13.5%)
6 2886 (71.4%) 3093 (76.4%)
Subjects 4041 4050
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5.2.2 Cancer-related Trials

Key clinical trials to evaluate safety of denosumab 60 mg SC Q6months in Hormone
Ablation were as follows:

a) Study 20040135 - a randomized, double-blind, placebo-controlled study to evaluate
denosumab in the treatment of bone loss in subjects undergoing aromatase inhibitor
therapy for nonmetastatic breast cancer. This 4-year study enrolled 252 subjects
(denosumab -127, placebo - 125); subjects received therapy for 24 months and were
monitored for an additional 24 months.

b) Study 20040138 - a randomized, double-blind, placebo-controlled study to evaluate
denosumab in the treatment of bone loss in subjects undergoing androgen-deprivation
therapy for nonmetastatic prostate cancer. This 5-year study enrolled 1,468 subjects
(denosumab — 734, placebo — 734); subjects received therapy for 36 months and were
monitored for an additional 24 months.

The denosumab safety data in the Hormone Ablation trials reflect exposure in 731 men with
bone loss receiving androgen deprivation therapy for non-metastatic prostate cancer (Trial
138) and 129 women with bone loss receiving aromatase inhibitor therapy for nonmetastatic
breast cancer (Trial 135) who were enrolled in placebo-controlled trials. Denosumab was
administered at a dose of 60 mg SC once every six months in both trials. In the prostate
cancer trial, the population was aged 48 to 97 years (median 76) and 84% were Caucasian. In
the breast cancer trial, the population was aged 35 to 84 years (median 59) and 91% were
Caucasian. Exposures were 6 doses during a 36 month treatment period in Trial 138 and 4
doses during a 24 month treatment period in Trial 135.

5.3 Safety Findings from the Denosumab Clinical Development Program

5.3.1 Deaths

The Applicant was asked to provide a listing of all deaths in the denosumab clinical
development program, which includes studies in postmenopausal women, men with prostate
cancer, women with breast cancer, and patients with rheumatoid arthritis, multiple myeloma
or solid tumors. The Applicant listed a total of 354 deaths, including 2 deaths in Phase I
studies, 96 in Phase 2 studies and 256 deaths in Phase 3 studies. Of the 354 total subjects
who died, 185 subjects had underlying cancer and 169 subjects had osteoporosis or low bone
mass as their indication for use of denosumab.

Phase 1 Studies:

The two deaths in subjects in Phase I studies involved an accidental death (a 78-year-old
female subject was involved in a head-on collision) and progression of cancer in a 36-year-
old breast cancer patient about a month after the initial dose of investigational product.

Phase 2 Studies

A total of 96 subjects died during Phase 2 studies; several Phase 2 studies were conducted in
subjects with underlying malignancies (see Appendix 2). It is noteworthy that 5 subjects in
the Phase 2 dose-finding study (Study 20010223) died during the study period; all 5 subjects
had received denosumab. The cause of death for these subjects is as follows: unknown cause
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(n=1), cerebrovascular accident (n = 1), “brain tumor” (n = 1), and adenocarcinoma (n = 2);
a summary for each of these 5 subjects is provided herein. Family members reported that an
80-year-old female died about 4.5 years after initiating denosumab; cause of death not
provided. A 62-year-old female with a history of atrial fibrillation and hypercholesterolemia
died of a cerebrovascular accident almost 3 years after initiating denosumab (> 5 months
from last dose). There were 3 deaths due to neoplasms (2 subjects with adenocarcinoma, 1
subject with a “brain tumor”), all occurred in the denosumab 100 mg Q6 months cohort. A
75-year-old female with a family history of “brain tumors” was diagnosed with a "brain
tumor" in the frontal lobe 15 months after initiating denosumab and died 14 weeks later
despite chemotherapy and radiation. Adenocarcinoma (primary site unknown) was diagnosed
in a 74-year-old female who had received denosumab for 2 years and was an ex-smoker; lung
cancer was listed as the cause of death. Another 78-year-old female with a history of a
lumpectomy died of adenocarcinoma (gastric cancer) 18 months after initiating denosumab.
In addition, one subject died about 1 year after discontinuation from study, which is not
reflected in the total number of fatalities for this study. This 60-year-old subject with a
history of alcohol and tobacco use was diagnosed with pancreatic carcinoma 17 days after
initiating denosumab.

Phase 3 Studies

Fatal events that occurred in Studies 20040138 and 20040216 were adjudicated by an
independent cardiovascular adjudication committee that determined whether the death was
caused by a cardiovascular event. The cause of death for all other events was determined by
the investigator. The cause of death for the two key Phase 3 studies for the PMO indication
(20030216 and 20040132) and the two key Phase 3 studies for the Hormone Ablation
indication (20040135 and 20040138) are summarized below in Table 18. There were no
deaths in Study 20040132, the osteoporosis prevention study. There were 2 deaths in Study
20040135; one subject in each treatment group died due to neoplasm. The denosumab group
did not have a higher incidence of fatality in either of the key PMO or Hormone Ablation
trials.
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Table 18. Cause of Death by System Organ Class for the Primary PMO and Hormone
Ablation Studies

Study 20030216 Study 20040135 & Study

(PMO Treatment)® 20040138 (Hormone Ablation)

Placebo Denos. Placebo Denos.

N = 4041 N = 4050 N = 845 N =860
Total No. of Fatalities 90 (2.2) 70 (1.7) 47 (5.6) 45 (5.2)
System Organ Class n (%) n (%) n (%) n (%)
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 (0.8) 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
Injury, poisoning & proc.
. ijghfaﬁons &P 3(0.1) 1 (<0.1) 2(0.2) 0
Metabolism & nutrition 1(<0.1) 0 0 2(0.2)
Neoplasms benign,
malignant & unspec 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 &
mediastinal 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

Y There were no deaths in Study 20040132

In the denosumab primary PMO studies, there were more deaths in the placebo group

compared with denosumab; no noteworthy trends were observed in the cause of death in this
population. In the key Hormone Ablation studies, there were more deaths as a result of
events in the Nervous and Respiratory systems compared with placebo. The placebo group
in the key Hormone Ablation studies had more deaths in the General Disorders category (e.g.
sudden death, death due to unknown cause) and Neoplasm compared with denosumab.

5.3.1.1 Postmenopausal Osteoporosis

Because some of the subjects in the clinical program had an underlying malignancy, the
cause of death in the Primary PMO Safety Analysis Set (the safety population in Studies
20030216 and 20040132) was reviewed separately. There were no deaths in Study 20040132
(N=329) during the 24 months of treatment and the first 12 months off-treatment. Thus, all
the deaths listed in Table 18 occurred in Study 20030216. Fewer subjects in the denosumab
group had fatal events as compared to the placebo group, specifically 70 subjects (1.85%) vs.
90 subjects (2.37%), respectively.
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The largest categories for cause of death were the Cardiac Disorders, Neoplasms, General
Disorders and Nervous Systems SOCs. The majority of cardiac deaths were due to acute
myocardial infarction, heart failure, and cardiogenic shock. The majority of deaths in the
Neoplasms SOC were due to lung cancer and pancreatic cancer. The majority of deaths in
the General Disorders SOC were due to accidental deaths, death due to unknown cause or
sudden deaths. The Nervous System fatalities were mainly due to cerebrovascular accidents
and cerebral hemorrhages. These common causes of death in this analysis are not unusual in
postmenopausal women aged 60-90 years; the mean (SD) age of enrolled subjects was 72.3
year (5.2 years) in Study 20030216, the only Primary PMO study with fatalities.

5.3.1.2 Cancer-related Trials

In patients with breast cancer (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. Only 2 (1%) deaths were reported during the 24 month treatment
period, one for each treatment arm.

In patients with prostate cancer (trial 138), the numbers of fatal events were balanced
between treatment arms, 46 patients (6.3%) treated on the placebo arm and 44 patients
(6.0%) treated on the denosumab arm. In general, causes of death were representative of the
patient population being studied where the median age for both treatment arms was 76 years
and 93% of men enrolled were > 65 years.

5.3.2 Serious Adverse Events

5.3.2.1 Postmenopausal Osteoporosis

In the primary PMO Safety Population, a total of 4,041 subjects received placebo and 4,050
subjects received denosumab in the key PMO studies. The total number of nonfatal serious
adverse events for the Primary PMO Studies is summarized below in Table 19:

Table 19. Nonfatal Serious Adverse Events by Study for the Denosumab Primary PMO
Safety Population

Placebo Denos.
Study Identifier n (%) n (%)
20030216 939 (19.2%) 973 (19.8%)
20040132 14 (0.3%) 21 (0.4%)

These nonfatal serious adverse events in the Primary PMO Studies (pooled data) were
reviewed by System Organ Class (Table 20). The majority of nonfatal serious adverse events
were in the Cardiac Disorders, Injury, Musculoskeletal, Neoplasms, Nervous System and
Gastrointestinal Disorders SOCs. Nonfatal serious adverse events were generally balanced
across treatment groups, except that the denosumab group had more non-fatal serious cardiac
events, infections and gastrointestinal events, primarily due to more coronary artery
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disorders, cellulitis and diverticulitis. These events are summarized in the following section
5.3.5.

Table 20. Nonfatal Serious Adverse Events Ordered by SOC and Treatment Group for
the Denosumab Primary PMO Safety Population (pooled data)

Primary PMO Safety Population
Placebo Denos.

System Organ Class 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 (10.4%) 24 (1 0.6%)
Endocrine disorders 6 (0.2%) 5(0.1%)
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 (13.3%)
Pregnancy, puerperium and perinatal conditions 0 (0%) 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%) 0 (0%)
Surgical and medical procedures 0 (0%) 1 (0.03%)
Vascular disorders 71 (1.9%) 71 (1.9%)

5.3.2.2 Cancer-related Trials

For breast cancer patients (trial 135), serious adverse events (SAE) occurred in 30 (12%)
patients, 19 (14.7%) patients who received denosumab and 11 (9.2%) patients who received
placebo.

For prostate cancer patients (trial 138), SAEs occurred in 475 (32.6%) patients, 253 (34.6%)
treated with denosumab and 222 (34.6%) treated with placebo.
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5.3.3 Discontinuations Due to Adverse Events

In the pooled data from the key PMO and Hormone Ablation indication studies, the number
of subjects discontinuing investigational product was slightly higher in subjects receiving
placebo, with only 74% of placebo subjects and 79% of denosumab subjects completing all
scheduled doses of investigational product. The reasons for ending investigational product
were balanced across treatment groups as well, except that slightly more subjects in the
placebo group withdrew consent, had disease progression or required alternative therapy.

5.3.3.1 Postmenopausal Osteoporosis

In the pooled data from the key PMO indication studies, the incidence of subjects
discontinuing investigational product was slightly higher in subjects receiving placebo.
About 82% of subjects receiving denosumab and 78% of subjects receiving placebo
completed all scheduled doses of investigational product. The most common reasons for
ending investigational product were consent withdrawn (6.9% placebo, 5.7% denosumab),
adverse events (5.6% placebo, 5.2% denosumab) and subject request (2.3% placebo, 2.3%
denosumab). Slightly more subjects in the placebo group withdrew consent, had disease
progression or required alternative therapy. These 2 key studies were also reviewed
individually to determine weather Study 20040132 differed from Study 20030216 due to
differences in the patient population studied. The only notable difference was that 1 placebo
subject (0.6%) and 7 denosumab subjects (4.5%) in Study 20040132 ended investigational
product due to “subject request,” which may represent adverse events in these subjects.

Table 21. Reason for Ending Investigational Product in Primary PMO Safety
Population (pooled data)

Placebo Denos.
n (%) n (%)
Completed 2927 (77.7%) 3095 (82.2%)
Reason for Ending Invest. Product
e Administrative decision 5(0.1%) 9 (0.2%)
o Adverse event 209 (15.6%) 197 (15.2%)
o Consent withdrawn 258 (6.9%) 213 (15.7%)
e Death 58 (1.5%) 38 (1%)
o Disease progression 61 ( 1.6%) 10 ( 0.3%)
o Ineligibility determined 7 (0.2%) 4 (0.1%)
o Lost to follow-up 26 ( 0.7%) 26 ( 0.7%)
e Noncompliance 13 (0.3%) 10 ( 0.3%)
e Other 33 (0.9%) 29 (0.7%)
e Protocol deviation 24 (0.6%) 21 (0.6%)
o Requirement for alternative therapy 63 (1.7%) 28 (10.7%)
e Subject request 85 (2.3%) 85 (2.3%)

The most common adverse events occurring at a rate of at least 0.13% in any treatment group
and leading to discontinuation of investigational product are listed in Table 22. The most
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common reason for discontinuing denosumab was breast cancer, with twice as many subjects
reporting this event (20 vs. 10 in denosumab vs. placebo). Nausea, headache, constipation
and back pain were also frequently cited in the denosumab group. Whereas the placebo
group reported more events related to osteoporosis, such as lumbar vertebral fracture, back
pain, and thoracic vertebral fractures; breast cancer was also a frequent reason for
discontinuation of investigational product in the placebo group. .

Table 22. Most Common Adverse Events that Led to Discontinuation of Investigational
Product in Primary PMO Safety Population (pooled data)

Placebo Denos.
n (%) n (%)
Breast cancer 10 ( 0.3%) 20 ( 0.5%)
Nausea 1 (0.03%) 6 (0.2%)
Headache 4 (0.1%) 6 (0.2%)
Constipation 6 (0.2%) 6 (0.2%)
Back pain 10 (0.3%) 6 (0.2%)
Gastric cancer 1 (0.03%) 5(0.1%)
Fatigue 2 (<0.1%) 5(0.1%)
Cerebrovascular accident 3(0.1%) 5(0.1%)
Colon cancer 4 (0.1%) 5(0.1%)
Diarrhoea 4 (0.1%) 5(0.1%)
Femur fracture 5(0.1%) 2 (<0.1%)
Lumbar vertebral fracture 12 (0.3%) 2 (<0.1%)
Thoracic vertebral fracture 8 (0.2%) 1 (0.03%)
Resorption bone increased 5(0.1%) 0 (0%)

5.3.3.2 Cancer-related Trials

In patients with breast cancer (trial 135), at the end of treatment, there were 2 (2%) patients
on the denosumab treatment arm who withdrew from the trial for an adverse event, while
there were 5 (4%) patients on the placebo arm.

In patients with prostate cancer (trial 138), at the end of treatment for patients treated with
denosumab, 47 (6.5%) withdrew from the trial for AEs while in the placebo arm 49 (6.7)
withdrew from the trial.

5.34 Common Adverse Events (AES)

5.3.4.1 Postmenopausal Osteoporosis

The overall incidence of AEs in the PMO population was comparable across the treatment
groups and across studies 20030216 (93% in both groups) and 20040132 (95% in both
groups). The most commonly reported adverse events were in the Musculoskeletal,
Infections, and Gastrointestinal Disorders System Organ Class (SOC), with events reported
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for each SOC as follows (placebo, denosumab): Musculoskeletal Disorders (64.4%, 64.5%),

Infections (54.7%, 53.2%), and Gastrointestinal Disorders (36.7%, 37.6%). There were no

apparent dose-related differences in the nature or frequency of these AEs when the entire ISS

population was reviewed.

Table 23 Common adverse events in Primary PMO Safety population

Placebo Denosumab
N=4041 N=4050
n % n Y%

Number of subjects reporting any AE 3765 (93.2) | 3761 (92.9)
Preferred Term

Back pain 1374 (34.0) | 1380 (34.1)
Arthralgia 824 (20.4) 826 (20.4)
Hypertension 650 (16.1) 621 (15.3)
Nasopharyngitis 632 (15.6) 599 (14.8)
Pain in extremity 451 (11.2) 477 (11.8)
Osteoarthritis 447 (11.1) 439 (10.8)
Constipation 369 (9.1) 374 (9.2)
Influenza 355 (8.8) 346 (8.5)
Bronchitis 309 (7.6) 307 (7.6)
Musculoskeletal pain 301 (7.4) 315 (7.8)
Headache 277 (6.9) 263 (6.5)
Urinary tract infection 270 (6.7) 263 (6.5)
Hypercholesterolemia 240 (5.9) 285 (7.0)
Diarrhea 244 (6.0) 242 (6.0)
Cataract 253 (6.3) 232 (5.7)
Cough 243 (6.0) 235 (5.8)
Fall 256 (6.3) 206 (5.1
Cystitis 228 (5.6) 232 (5.7)
Depression 228 (5.6) 223 (5.5)
Dizziness 227 (5.6) 224 (5.5)
Dyspepsia 222 (5.5 188 (4.6)
Upper respiratory tract infection 189 (4.7) 211 (5.2)
Nausea 205 (5.1) 194 (4.8)

5.3.4.2 Cancer-related Trials

A total of 860 patients with breast and prostate cancer received denosumab 60 mg SC q 6

months in the key efficacy trials. Exposures were 4 doses for patients with breast cancer and
6 doses for patients with prostate cancer. Table 24 below represents adverse events occurring

in greater than 5% of patients on either treatment arm.
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Table 24: Common adverse events in hormone ablation therapy population (occurring
in >5% of subjects in either group)

Preferred Terms Placebo Denosumab

n % n %
Arthralgia 110 15.0 123 16.3
Back pain 89 12.1 99 13.1
Constipation 86 11.7 88 11.7
Pain in extremity 65 8.8 85 11.3
Fatigue 62 8.4 61 8.1
Hypertension 58 7.9 59 7.8
Oedema peripheral 53 7.2 61 8.1
Nasopharyngitis 49 6.7 51 6.8
Diarrhoea 48 6.5 45 6.0
Hot flush 40 54 45 6.0
Musculoskeletal pain 32 4.4 52 6.9
Depression 39 53 42 5.6
Dizziness 35 4.8 46 6.1
Urinary tract infection 37 5.0 44 5.8
Cough 32 4.4 46 6.1
Dyspnoea 36 4.9 39 5.2
Anaemia 38 52 35 4.6
Upper respiratory tract infection 32 4.4 41 54

Source: This table includes data from trial 135 and 138, AAE dataset.

5.3.5 Adverse Events of I nterest

5.3.5.1 Infection

Reason for concern:

The target population for osteoporosis treatment or prevention is postmenopausal women
who might use this therapy for many years, including subjects who may have an impaired
immune system function due to age, comorbid conditions, or concomitant medications. It is
biologically plausible that the RANKL inhibitor denosumab could increase the risk of
infection as RANKL is expressed on activated T and B lymphocytes and in the lymph nodes
and T and B lymphocytes are responsible for foreign antigen recognition.

Pharmacology/toxicology studies have raised some questions about immune suppression.
However, Study 20010124 (Phase 1) and Study 20010223 (Phase 2) examined T & B cell
counts and natural killer cells, white blood cell and lymphocyte counts. These studies did not
identify any clinically significant changes in these parameters. This section will summarize
the overall risk of infection and highlight particular infections of concern.

The overall incidence of serious adverse events (SAEs) of infection in the Primary PMO
studies was higher in denosumab than placebo subjects with 4.4% of denosumab and 3.6% of
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placebo subjects developing a serious infection during the Primary PMO trials. There was no
difference in the number of overall infections (serious + non-serious adverse events).
Opportunistic infections were not more common in the denosumab group.

When serious adverse events were examined in detail, infections related to bacteria and
unspecified pathogens occurred at higher incidence in denosumab subjects compared with
placebo. Specifically, serious bacterial infections occurred in 0.7% of denosumab subjects as
compared to 0.4% of placebo subjects and serious infections due to an unspecified pathogen
occurred in 3.7% of denosumab subjects and 3.1% of placebo subjects. Denosumab subjects
appeared to have a higher incidence of bacterial, streptococcal, abdominal, ear, and urinary
tract infections. These serious adverse events were reviewed across the key PMO studies.
The subjects in Study 20040132 were younger than subjects in Study 20030216.

As denosumab may be used in an elderly population with a waning immune system, events
of infection were reviewed by age groups of > 75 years and > 80 years. A review of AEs and
SAEs of infection in older subjects did not identify any unusual trends in regards to infection.

Infections of particular concern are summarized below.

5.3.5.1.1 Pneumonia Casesin Phase | Studies

In two Phase I studies, three subjects were hospitalized for pneumonia; all the subjects were
from the United States. In Study 20030148, a 75-year-old male subject (SID 8001091)
developed pneumonia on Study Day 242 after receiving a single dose of denosumab 3.0
mg/kg SC. The subject had a 20-year smoking history (2 packs per day) and a history of
chronic bronchitis. Sixteen days later the subject was diagnosed with small cell lung cancer.
In Study 20050146, 2 subjects developed pneumonia after a single 60 mg SC dose of
denosumab. Subject 6001122 was a 33 year-old male who developed pneumonia on Study
Day 73 and was hospitalized for 13 days. Subject 6001208 was a 34-year-old male who
developed pneumonia on Study Day 12 (elsewhere reported as Study Day 74) and was
hospitalized for 4 days. Hospital records were unavailable for both subjects in Study
20050146.

Although two of the three cases are not well documented, these three cases of pneumonia in
Phase I studies occurred following a single 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.

5.3.5.1.2 Endocarditis

A total of four denosumab subjects developed endocarditis during the denosumab
development program. In addition, there was one 77-year-old man from Canada receiving
placebo in Study 20040138 who developed endocarditis; this subject had prostate cancer.
There was one 66-year-old female subject from Poland receiving alendronate in Study
20050234 who developed endocarditis. The four denosumab cases are summarized below.
The Applicant was unable to obtain the causative pathogen.
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SID 20030216-762526: The subject was a 75-year-old female from Estonia who
experienced a serious AE of endocarditis on () (6) She had a history of hypertension,
ischemic heart disease, arrhythmia, chronic pyelonephritits, duodenal ulcer, and anemia. The
subject presented with a two-week history of fever up to 39°C approximately 19 weeks after
initial exposure to denosumab. At the time of hospitalization transesophageal
echocardiography confirmed the diagnosis of “septical endocarditis.” The patient received
cefuroxime and gentamicin with resolution of the endocarditis on (®) (8). No causative
organism was identified.

SID 20030216-430063: The subject was an 82-year-old female from Brazil who
experienced a serious AE of endocarditis on| (®) (6) The subject had a history of
hypertension, back and leg pain, leg arthrosis, and urinary incontinence. The subject died
approximately nineteen months post initiation of denosumab with multiple organ failure.
According to the Applicant’s narrative, “...the subject was diagnosed with urinary tract
infection and treatment included an initiation of antibiotics [cephalexin for 5 days].” On

(b) (6) the subject sustained a fall and was hospitalized, however, the Applicant was not
able to obtain the details of the treatment. The subject’s health progressively declined
resulting in transfer to the ICU. She died on  (B) (6) while still in the hospital. An autopsy
was not performed. No causative organism was identified.

SID 20030216-631230: The subject was a 75 year old female from Denmark who
experienced the “nonserious” AE of endocarditis on (®) (6) (149 days post last dose of
denosumab and 534 days into the study). The subject had a history of herpes virus infection,
arrhythmia, and spinal column stenosis. The patient was reportedly hospitalized on (P) (6)
due to nausea and vomiting and was found to “...have endocarditis caused by an unspecified
pathogen on (0) (6) » The investigator reported that an echocardiogram was
performed; however no results were available. The event did not resolve and was ongoing.

SID 20050233- 307082: This subject in the extension study was an 83-year-old female from
the United States who had received denosumab 100 mg SC Q6months in Study 20010223
and then denosumab 60 mg SC Q6 months in Study 20050233. About 7 months after
entering Study 20050233, the subject was hospitalized for Staphyloccocus aureus bacteremia
for which she received ceftriaxone 2 g IV daily. About 1 month later, the subject developed
heart failure and was diagnosed with endocarditis and ultimately required mitral valve
replacement and the event resolved.

5.3.5.1.3 Serious Skin Infections

There was an imbalance in serious skin infections during clinical trials in women with
postmenopausal osteoporosis. Serious streptococcal infections occurred in 7 denosumab
(0.2%) and 1 placebo (0.03%) subjects in Primary PMO studies. The non-specific term
“bacterial infections” also occurred at a higher incidence for denosumab, with 12 denosumab
(0.3%) and 4 placebo (0.1%) subjects developing serious bacterial infections.

When specific adverse event terms were examined, there were 7 denosumab (0.2%) and no
placebo subjects who had serious events of erysipelas. There were 7 denosumab (0.2%) and
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1 placebo (0.03%) subjects who had serious events of cellulitis. In addition, 2 denosumab
(0.1%) and no placebo subjects developed serious events of skin bacterial infection. When
all adverse events were examined (serious + non-serious), 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 Applicant has proposed the following Warning and Precaution:

“In clinical trials in women with postmenopausal osteoporosis, skin infections
leading to hospitalization were reported more frequently in the [TRADENAME]
(0.4%) versus the placebo (0.1%) groups. These cases were predominantly
cellulitis. The overall incidence of skin infections was similar between the
placebo and [TRADENAME] groups. Patients should be advised to seek prompt
medical attention if they develop signs or symptoms of cellulitis.”

There is an increased risk of serious skin infections with denosumab that is important to the
overall benefit risk assessment for denosumab, particularly for the PMO prevention
indication.

5.3.5.1.4 Gastrointestinal I nfections

Serious abdominal and gastrointestinal infections occurred in 31 denosumab (0.8%) and 23
placebo (0.6%) subjects in Primary PMO studies. There were 10 denosumab (0.3%) and 7

placebo (0.2%) subjects who had a serious event of diverticulitis. Two denosumab subjects
(0.05%) also had a serious abdominal abscess; there were no cases in placebo subjects.

5.3.5.1.5 Urinary Tract I nfections

Serious urinary tract infections occurred in 29 denosumab (0.8%) and 17 placebo (0.5%)
subjects in Primary PMO studies. There were 6 denosumab (0.2%) subjects who each
developed serious events of cystitis and pyelonephritis, with 2 placebo (0.05%) subjects each
developing these serious events.

5.3.5.1.6 Infective Arthritis

Infective arthritis was reported in 8 denosumab subjects (0.10%) and no placebo subjects in
the Primary PMO studies. All 8 cases were categorized as non-serious. The causative
organism was not reported for these cases.

5.3.5.1.7 Ear Infections

Serious ear infections occurred in 5 denosumab (0.1%) and no placebo subjects in Primary
PMO studies. There were 4 denosumab (0.1%) subjects who developed serious events of
labrynthitis, while no placebo subjects developed this serious event.

Issue for consideration:
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Overall, subjects 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, infected arthritis and skin ulcers occurred more
commonly in denosumab subjects. There were 3 denosumab subjects in Phase I studies
who developed pneumonia requiring hospitalization following a single dose of
denosumab. There did not appear to be an increase in opportunistic infections in
denosumab subjects.

5.3.5.2 Malignancy

No carcinogenicity studies were performed due to lack of an appropriate animal model
because denosumab is not pharmacologically active in rodent species. While the Applicant
does have a surrogate model of huRANKL knock-in (KI) mice, this model would not serve
as an appropriate model for carcinogenicity studies due to adaptive responses that occur
during development.

When individual studies of subjects with osteoporosis and low bone mass were reviewed, an
imbalance in the number of den