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The purpose of VA PBM Services drug monographs is to provide a comprehensive drug review for making formulary decisions. These documents will be updated when new clinical data warrant additional formulary discussion. Documents will be placed in the Archive section when the information is deemed to be no longer current.
Executive Summary:  

· General
· Denosumab is a IgG2 monoclonal antibody against RANKL
· RANKL is expressed on osteoblasts and binds to RANK on osteoclasts precursors leading to maturation.

· Disruption of the RANKL-RANK-OPG axis by bone metastases can upregulate RANKL expression.

· Efficacy
· In three phase III clinical trials, one in metastatic prostate cancer, one in metastatic breast cancer, and one in solid tumors (excluding prostate and breast cancer ) and multiple myeloma, denosumab 120mg subcutaneously every 4 weeks was compared to zoledronic acid 4 mg (adjusted for baseline creatinine clearance) IV over 15 minutes every 4 weeks.
· The primary endpoint was Time to first on-study Skeletal Related Event (SRE) for non-inferiority.  If non-inferior, secondary endpoints for superiority were Time to first on-study SRE and Time to first and subsequent SREs.

· In all three trials, the primary endpoint for non-inferiority was met.  Superiority was also shown in the prostate cancer and breast cancer trials, but not in the solid tumor and multiple myeloma trial.
· Overall survival and disease progression, exploratory endpoints, were not different between groups in all three trials.  In an ad-hoc analysis of overall survival in the solid tumor and multiple myeloma trials based on tumor stratification, there was evidence of prolonged overall survival in NSCLC patients on denosumab, and in multiple myeloma patients evidence for prolonged overall survival with zoledronic acid.

· Safety

· The number of adverse events was similar between the two groups.
· Adverse events that occurred more frequently in the denosumab groups were hypocalcemia, including severe hypocalcemia without clinical sequelae and osteonecrosis of the jaw which was numerically higher in the denosumab groups.

· Adverse events seen more often in the zoledronic acid group included acute phase reactions during the first three days of therapy, and renal adverse events.

· In a small trial of 55 patients with varying degrees of renal function who received a single dose of denosumab 60mg, patients with a creatinine clearance less than 30 mL/min or on dialysis had a greater incidence of hypocalcemia versus patients with normal renal function.  Denosumab 120mg every 4 weeks has not been studied in patients with a creatinine clearance less than 30 mL/min or on dialysis.
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Bone metastases are a common complication of both solid tumors and hematologic cancers with an incidence of 15-75% in patients with solid tumors and nearly 100% in patients with multiple myeloma.  Skeletal complications of bone metastases account for significant morbidity due to pain, pathologic fractures, spinal cord compression, and other nerve-compression syndromes.
Bone metastases can be osteolytic, osteoblastic, or mixed.  Normal bone remodeling is controlled by osteoblasts and osteoclasts in a balanced sequence.  Receptor activator of nuclear factor (B (RANK) ligand (RANKL), a member of the tumor necrosis factor family, is expressed on the surface of osteoblasts.  RANKL binds the receptor RANK on osteoclast precursors which leads to signaling via TNF receptor-associated factors (TRAFs) and ultimately activation of nuclear factor (B in the nucleus, inducing differentiation into mature osteoclasts which degrade or resorb bone.  Other osteoclast-activating factors include parathyroid hormone-related protein, interleukins, and chemokines.  A decoy receptor for RANKL, osteoprotegerin (OPG), is present in bone marrow and secreted by osteoblasts and acts as a balance between the osteoblasts and osteoclasts.
In the setting of bone metastases in cancer, the cross talk between RANKL, RANK, and OPG is disrupted.  Osteoclast activation is enhanced when metastases release interleukins, parathyroid hormone-related protein, and other factors that up regulate RANKL expression.  These factors may also inhibit OPG.  In addition, growth factors released from bone lesions stimulate the growth of tumor cells, setting up a vicious cycle.
The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating denosumab (Xgeva() for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.

Pharmacology/Pharmacokinetics

Mechanism of action:  Denosumab is a humanized IgG2 monoclonal antibody that binds to transmembrane RANKL, preventing RANKL from activating its receptor RANK on the surface of osteoclasts precursors.  Binding to RANKL is highly specific and with a high affinity.  It does not bind to other tumor necrosis factor (TNF) ligands such as TNF-(, TNF-β, or TNF-(-related apoptosis-inducing ligand (TRAIL).  Neutralizing RANKL inhibits osteoclast formation, function and survival and suppresses bone resorption as evidenced by the reduction in urine and serum markers for bone turnover.
Table #1
Denosumab pharmacokinetic parameters
	Parameter
	Drug

	Half-life
	Mean elimination half-life: 28 days

	Bioavailability
	62% following subcutaneous injection


Specific Populations
The pharmacokinetics are not affected by age, gender or race.

Hepatic impairment: There have been no clinical trials of denosumab in patients with hepatic impairment.

Renal impairment: In a small trial of 55 patients with varying degrees of renal function including patients on dialysis, there were no differences in pharmacokinetics and pharmacodynamics of denosumab.
FDA Approved Indication(s) 

Bone metastasis from solid tumors:  Denosumab is indicated for the prevention of skeletal-related events in patients with bone metastases from solid tumors.
Limitations of use: Denosumab is not indicated for the prevention of skeletal-related events in patients with multiple myeloma.
Potential Off-label Uses

This section is not intended to promote any off-label uses. Off-label use should be evidence-based. See VA PBM-MAP and Center for Medication Safety’s Guidance on “Off-label” Prescribing (available on the VA PBM Intranet site only).
Treatment of metastatic bone disease (currently in clinical trials).
Prevention of skeletal related events in patients with bone metastases who are not responding to IV bisphosphonates.

Prevention of treatment-induced bone loss in patients receiving androgen deprivation therapy or aromatase inhibitors.

Treatment of hypercalcemia of malignancy.

Current VA National Formulary Alternatives

Zoledronic acid and pamidronate are currently on the VA National Formulary.
Dosage and Administration

The recommended dose of denosumab is 120 mg administered subcutaneously every 4 weeks in the upper arm, upper thigh, or abdomen.
Concomitant calcium and vitamin D supplementation can be used if necessary to treat or prevent hypocalcemia.

Denosumab (Xgeva() injectable solution is stored at refrigerated temperatures.  The vial should be removed from the refrigerator and brought to room temperature prior to administration.  Do not warm the vial other than letting it rest at room temperature for 15-30 minutes.

Use in Special Populations
· Pregnancy Category C- No adequate trials in pregnant women.  Use denosumab during pregnancy only if benefit outweighs potential risks to the fetus.  Women who become pregnant while on denosumab should be encouraged to enroll in a surveillance program sponsored by Amgen.  In cynomolgus monkeys, denosumab in doses up to 6.5 times higher than human doses did not cause maternal toxicity or fetal harm during the first trimester.  This study did not assess fetal toxicity in the second or third trimesters.  In mice with a deleted RANKL gene, absence of RANKL caused fetal lymph node agenesis and postnatal impairment of dentition and bone growth.  Pregnant RANKL knockout mice showed altered maturation of mammary glands and impaired postpartum lactation.

· Nursing mothers- It is unknown if denosumab is excreted in breast milk.  Since many drugs are excreted in breast milk, a decision should be made to discontinue breast feeding or discontinue the drug.  Maternal exposure to denosumab may impair mammary gland development and lactation based on animal models.

· Pediatric Use- Safety and efficacy of denosumab in pediatric patients has not been tested.  Denosumab use may impair bone growth in children with open growth plates and may inhibit eruption of dentition based on animal models.

· Geriatric use- Forty-four percent of patients in clinical trials were 65 years or older.  There were no apparent differences in efficacy or safety between this age group and younger patients.

· Renal impairment- In a trial of 55 patients with cancer and varying degrees of renal function, patients with creatinine clearance less than 30 mL/min were at greater risk for developing severe hypocalcemia while on denosumab compared to patients with normal renal function.  The risk of hypocalcemia at recommended doses of 120mg every 4 weeks has not been evaluated in patients with creatinine clearance less than 30 mL/min or on dialysis.
Efficacy 

Efficacy Measures

Metastatic Cancer
Three phase III trials compared denosumab to zoledronic acid for the prevention of first on-study skeletal related event in patients with at least one bone metastases.  One trial was in patients with prostate cancer, one in patients with breast cancer, and one in patients with solid tumors (excluding prostate and breast cancer) and multiple myeloma.  All patients were naïve to IV bisphosphonate therapy.  Patients had a baseline creatinine clearance greater than or equal to 30 mL/min and an Eastern Cooperative Oncology Group (ECOG) performance status score less than or equal to 2.

Skeletal related event (SRE) defined as: pathologic fracture, spinal cord compression, radiotherapy or surgery to bone (to treat metastases).
· Primary Endpoint: Time to first on-study SRE was first assessed for non-inferiority

· If found to be non-inferior then Time to first on-study SRE and Time to first and subsequent on-study SRE were tested for superiority (secondary endpoints).
· Exploratory Endpoints: overall survival, overall disease progression, bone turnover markers (measured at week 13).

Summary of efficacy findings 

Metastatic Disease
All trials had the same dosage plan: denosumab 120 mg subcutaneously every 4 weeks until the primary analysis cutoff date versus zoledronic acid 4mg (or equivalent creatinine clearance based zoledronic acid dose) infused over at least 15 minutes every 4 weeks.  Supplementation with daily calcium (≥ 500mg) and vitamin D (≥400 units) was strongly recommended.  Cancer specific chemotherapy and hormonal therapy were allowed.

Table #2
Efficacy Findings in Metastatic Disease
	Treatment
	Time to 1st on-study SRE
	Time to 1st and subsequent SRE

	Metastatic Prostate Cancer (N=1904)
Zoledronic Acid

Denosumab

HR

95%CI

P (non-inferiority)

P (superiority)
	17.1 months

20.7 months

0.82

0.71-0.95

0.0002

0.008
	-

-

0.82

0.71-0.94

-

0.008

	Metastatic Breast Cancer (N=2049)
Zoledronic Acid

Denosumab

HR

95%CI

P (non-inferiority)

P (superiority)
	26.4 months

Not yet reached

0.82

0.71-0.95

<0.001
0.01
	-

-

0.77

0.66-0.89

-

0.001

	Solid tumors (not breast or prostate cancer) & multiple myeloma (N=
Zoledronic Acid

Denosumab

HR

95%CI

P (non-inferiority)

P (superiority)
	16.3 months

20.6 months

0.84

0.71-0.98

0.0007

0.06
	-

-

0.90

0.77-01.04

-

0.14


Table #3
Exploratory Outcomes Metastatic Disease
	Treatment
	Overall Survival
	Disease Progression
	Decrease in markers for bone turnover (week 13) (uNTx/Cr)

	Metastatic Prostate

HR

P
	1.03

0.65
	1.06

0.30
	-

<0.0001

	Metastatic Breast Cancer

HR

P
	0.95

0.49
	1.00

0.93
	-

<0.001

	Solid Tumors (except breast and prostate) and multiple myeloma

HR

P
	0.95

0.43
	1.00

1.0
	-

<0.001


Markers of bone turnover, which include urinary N-telopeptide adjusted for creatinine (uTx/Cr) and serum bone-specific alkaline phosphatase, were measured at baseline and at week 13.  Denosumab consistently decreased markers compared to zoledronic acid and was statistically significant in all three trials.
Prostate Cancer:  Patients with prostate cancer, at least one bone metastasis on x-ray, and documented failure of at least on hormonal therapy as evidenced by rising PSA were eligible.  The median time on the study was 12.2 months for the denosumab group and 11.2 months for the zoledronic acid group.  22% of patients required protocol mandated adjustments in zoledronic acid dose due to baseline creatinine clearance and 15% required doses to be withheld to allow for serum creatinine to decrease.  Median PSA serum concentrations were similar between the two groups throughout the study.  There were no denosumab neutralizing antibodies detected.
Breast Cancer:  Patients with breast adenocarcinoma with radiographic evidence of at least one bone metastasis were eligible.  Median time on study was 17 months with 45% of patients continued on study at the time of primary analysis.
Solid Tumors (except breast and prostate cancer) and multiple myeloma:  

Patients with solid tumors (except breast and prostate) or myeloma with radiographic evidence of at least one bone metastasis or osteolytic lesion were eligible.  The median time on-study was 7 months in both arms.  20% remained on-study at the time of primary analysis.  Primary tumor types included non small-cell lung cancer (45%), multiple myeloma (10%), and other (50%) (see Table #4).
Table #4
Outcomes by tumor stratification
	Outcome

(denosumab relative to zoledronic acid)
	Non Small-Cell Lung Cancer
	Multiple Myeloma
	Other

	Time to 1st on-study SRE
HR

95%CI

P
	0.84

0.64-1.10

0.20
	1.03

0.68-1.57

0.89
	0.79

0.62-0.99

0.04

	Overall Survival (ad hoc)
HR

95%CI
	0.79

0.65-0.95
	2.26

1.13-4.50
	1.08

0.90-1.30


Two of three patients in the zoledronic acid arm and 10 of 12 patients in the denosumab arm suffered a cardiac arrest that were noncardiovascular in nature and associated with cancer progression, cancer-related complications, or unknown causes.  There were no denosumab neutralizing antibodies detected.  Initial dose adjustments to zoledronic acid doses at baseline due to creatinine clearance occurred in 17.3% of patients.  Subsequent zoledronic acid doses were held in 8.9% of patients to allow serum creatinine to decrease.
Denosumab in patients following IV bisphosphonates
Phase II trial in patients with bone metastases from prostate cancer, breast cancer, and other neoplasms after IV bisphosphonates

In a randomized, open-label, multicenter phase II trial patients in Europe and North America were randomized to continue IV bisphosphonates (zoledronic acid or pamidronate) every 4 weeks or receive denosumab 180 mg subcutaneously every 4 weeks or every 12 weeks for 25 weeks.  Patients had confirmed carcinomas (except lung) or multiple myeloma, radiographic evidence of at least 1 bone metastasis, and a urine N-Telopeptide (uNTx) level higher than 50 mmol/L/mM creatinine despite IV bisphosphonates for greater than or equal to 8 weeks before enrollment.  High levels of uNTx are associated with an increase risk for disease progression and death.

Table #5
Outcomes of urine N-Telopeptide concentrations
	
	Zoledronic Acid (86%)/Pamidronate (14%)
N=37
	Denosumab
N=74

	Patients achieving Urine N-Telopeptide <50 mmol/L/mM creatinine week 13 (%)
95%CI

P
% reduction from baseline of uNTx at week 13
	29
15-46

-
33
	71
59-81

<0.001
78

	% maintaining suppression to <50 at week 25
95%CI
	37

22-55
	64

51-75

	Maintaining suppression to <50 at week 13

OR

95%CI

P
	-

-

-
	7.6

2.8-20.8

<0.001

	Maintaining suppression to <50 over 25 weeks 

OR

95%CI

P
	-

-

-
	3.0

1.3-6.9

0.01


The median time to an uNTx of less than 50 was 9 days in the denosumab arm and 65 days in the zoledronic acid arm.

Denosumab normalized uNTx levels across all tumor types and baseline uNTx levels.  The effects of zoledronic acid varied across tumor types and baseline uNTx levels.

First on-study SRE occurred in 8% of denosumab patients and in 17% o the zoledronic acid patients (OR0.31; 95%CI 0.08-1.18).
Prevention of cancer therapy-induced bone loss
Androgen deprivation therapy in prostate cancer
,

In a multicenter, randomized, double-blind, placebo controlled trial of men receiving androgen-deprivation therapy for nonmetastatic hormone sensitive prostate cancer in North America and Europe, patients were randomized to receive denosumab 60mg or placebo subcutaneously every 6 months for 24 months.  The study was later extended to 36 months for safety and fracture evaluation.  All patients took daily supplements of at least1 gram calcium, and at least 400 units of vitamin D.
The primary endpoint was the percent change in baseline bone mineral density (BMD) of the lumbar spine at 24 months.  Secondary endpoints included the percent change in BMD of the lumbar spine at 36 months, percent change in BMD from baseline of the total hip and femoral necks at 24 and 36 months, the incidence of newly diagnosed vertebral fractures at 36 months, fracture at any site, time to first clinical fracture and safety.   For fractures at any site, the following were excluded: fractures associated with severe trauma, pathologic fractures, and fractures of the skull, face, mandible, metacarpals, fingers, and toes.
Exploratory endpoints were the percent change in BMD of the whole body and distal third of the radius and changes over time in PSA levels and markers of bone turnover.

Table #6
Patient Characteristics
	Characteristic
	Denosumab

N=734
	Placebo

N=734

	Mean Age- yr

% ≥ 70 yr
	75.3
83
	75.5
83.1

	White %
	83.8
	83

	ECOG %
0

1

2
	75.2

21

3.8
	73.3

23.7

2.9

	T-scores below 2.5 at any site %
	14.3
	15.1

	Lumbar spine BMD T scores
Median

Range
	-0.5

-6.8-7.3
	-0.6
-4.8-7.6

	Vertebral fracture history %
	21.1
	23.7


Table #7
Efficacy Results-Androgen deprivation and bone mineral density
	Outcome
	Denosumab
	Placebo

	Difference in BMD lumbar spine at 24 months %
P

Absolute difference at 24 months vs. placebo %
	5.6
<0.001

6.7
	-1.0
-

-

	BMD at lumbar spine vs. placebo from 1-36 months –P value
	<0.001 for all measured time points
	-

	BMD absolute difference from baseline vs. placebo at 24 months %
Total hip

Femoral neck

Distal third of radius

Whole body

P for all comparisons
	4.8

3.9

5.5

4.0

<0.001
	-

-

-

-

-

	Fractures
New Vertebral Fractures Cumulative Incidence at 36 months-%

RR

95%CI

P

Fracture at any site cumulative incidence at 36 months-%

RR

95%CI

P

More than 1 fracture at any site cumulative incidence at 36 months-%

RR

95%CI

P

Time to first clinical fracture
	1.5

0.38

0.19-0.78

0.006

5.2

0.72

0.48-1.07

0.10

0.7

0.28

0.10-0.74

0.006

No significant difference
	3.9

-

-

-

7.2

-

-

-

2.5

-

-

-

-

	Markers of bone turnover
Decrease from baseline at 36 mos %
Serum C-telopeptide

Procollagen type-I N-terminal peptide

TRAP-5b
	45

61

33
	13

18

8


Denosumab significantly increased BMD at all measured sites for every patient subgroup, including older men, and those with lower baseline BMD values, higher levels of bone turnover markers, and history of vertebral fracture at baseline.
Safety

A similar portion of patients in each group discontinued therapy due to adverse events.  Rates of adverse events were similar between both groups.  Cataracts developed in 4.7% of denosumab patients and 1.2% of placebo patients but were not considered related to therapy.  One patient in the denosumab group developed hypocalcemia but none in the placebo group.  Rates of serious adverse events (SAEs) were similar.  SAEs related to infection occurred in 5.9% of denosumab patients and 4.6% of placebo patients.  One death from a cardiovascular event in the placebo group was thought to possibly be due to therapy.  PSA levels were unaffected in both groups.  No cases of osteonecrosis of the jaw (ONJ) were reported in either group.

A separate pre-specified subgroup analysis evaluated denosumab efficacy in subgroups with baseline characteristics that might influence the risk for clinical fracture (age, prevalent vertebral fracture, BMI, and BMD T score).  Denosumab increased BMD consistently across all subgroups.  In general, the greatest increases were found in patients with the highest levels of bone turnover markers at baseline and in patients with features associated with high bone turnover (older age, low BMD, prevalent fractures).

Aromatase inhibitor therapy in breast cancer

In a randomized, double-blind, placebo-controlled phase III trial in the United States and Canada in women with early stage breast cancer with positive hormone receptors who were receiving adjuvant therapy with an aromatase inhibitor, patients were randomized to receive denosumab 60mg or placebo subcutaneously every 6 months for 4 doses.  All patients took supplements with calcium 1 gram and at least 400 units of vitamin D daily.

The primary endpoint was the percentage change from baseline in lumbar spine BMD at 12 months versus placebo.  Secondary endpoints included percentage change in lumbar BMD at 6 months, percentage change from baseline in total hip and femoral neck BMD at 6 and 12 months.

Exploratory endpoints included percentage change from baseline in lumbar spine, total hip, and femoral neck BMD at 1,3,and 24 months; the percentage of patients with gains in BMD at the lumbar spine; percentage change from baseline in total body and one-third radius BMD at 12 and 24 months, percentage change from baseline in trochanter BMD at months 1,3,6,12, and 24;percentage changes from baseline in markers of bone remodeling serum C-telopeptide (sCTx) and procollagen type 1 N-terminal peptide (P1NP) at 1,6,12,and 24 months; incidence of vertebral and nonvertebral fractures; and overall survival at 24 months.
Table #8
Patient characteristics-adjuvant aromatase inhibitors
	Characteristic
	Placebo

N=125
	Denosumab

N=127

	Mean Age-yr
	59.7
	59.2

	Race

White %
	95
	91

	ECOG %

0

1

2
	84

11

5
	90

10

0

	Mean Lumbar spine T Score
	-0.98
	-1.13

	Duration >6 mos of prior aromatase therapy %
	63
	63

	Type of aromatase inhibitor %

Anastrozole

Letrozole

Exemestane 
	54

31

14
	56

33

11


Table #9
Efficacy Results- adjuvant aromatase inhibitors in breast cancer
	Outcome
	Placebo
	Denosumab

	Difference in BMD lumbar spine at 12 months %

P

Absolute difference at 12 months vs. placebo %
	-0.7

-

-
	4.8

<0.001

5.5

	Absolute difference in BMD versus placebo at 24 months %
Total hip

P

Femoral neck

P

Trochanter

P

Distal one-third radius

P

Total body

P
	-

-

-

-

-

-

-

-

-

-
	4.7

<0.001

3.6

<0.001

5.9

<0.001

6.1

<0.001

4.2

<0.001

	Markers of bone remodeling
sCTx median reduction from baseline at 1 month %

P

Median reductions mos 6-24 %

P1NP median reduction from baseline at 1 month %

P

Median reductions mos 6-24 %
	9

-

-

2

-

-
	91

<0.001

63-80

29

<0.001

71-73

	Fractures
Vertebral

Nonvertebral %

Major nonvertebral (pelvis, distal femur, proximal tibia, ribs, proximal humerous, forearm, hip) %
	None

6

4
	None

6

2


Increases in lumbar spine BMD were not influenced by duration of prior aromatase therapy.  The type of aromatase inhibitor (steroidal versus non-steroidal) did not affect increases in lumbar spine BMD.  Differences in lumbar spine BMD versus placebo were seen as early as 1 month and were sustained for 24 months (7.6% difference between denosumab and placebo; P<0.001).

The most common adverse events reported included arthralgia, pain in extremity, back pain and fatigue.  The overall incidence of adverse events was similar between the groups.  The proportion of patients who experienced Grade 3-5 adverse events was similar between the groups.  There were no differences in rates of infection between the groups.  Serious adverse reactions were reported in 15% of denosumab patients and 9% of placebo patients, but none were considered related to treatment.  Withdrawal from the study due to adverse events was similar between the groups as was the proportion of patients who withdrew from the study, primarily related to progression of their cancer.  The incidence of hypocalcemia was low and balanced across the groups.  One death was reported in each group due to progression of breast cancer.
Other Trials
· Phase II trial in the treatment of relapsed or plateau-phase multiple myeloma.
  Based on known mechanisms that suggest RANKL/OPG are involved in the activation of osteoclasts by myeloma cells through the bone marrow environment and conflicting evidence of expression of RANKL on myeloma cells, this proof of concept study evaluated the effects of denosumab on the production of M-protein.  No relapsed patients had a reduction in serum M-protein in the range of CR, PR, or minimal response.  Stable disease was seen in 21% with a median duration of 2.6 months. In the plateau-phase group, 46% had stable disease with a median duration of 10.2 months but no CR, PR or minimal response.
· Phase II trial in giant cell tumor of the bone.
  Giant-cell tumor of bone is rare and primarily osteolytic.  The osteoclasts-like giant cells express RANKL.  Denosumab 120mg was given monthly with additional loading doses on days 8 and 15 of month 1 in 37 patients.  86% of patients met the criteria for tumor response.  In the 31 patients assessed with baseline and post-dose investigator assessment of clinical response, 84% had clinical benefit (reduced pain or improvement in functional status).
For further details on the efficacy results of the clinical trials, refer to Appendix:  Clinical Trials (page 19).

Adverse Events (Safety Data)

Table #10
Selected Adverse Events from 3 phase III trials in at least 10% of denosumab patients
	Body system
	Denosumab

N=2841

%
	Zoledronic Acid

N=2836

%

	Gastrointestinal
   Nausea

   Diarrhea
	31

20
	32

19

	General
   Fatigue/asthenia
	45
	46

	Electrolytes
   Hypocalcemia

   Hypophosphatemia
	18

32
	9

20

	Neurological
   Headache
	13
	14

	Respiratory
   Dyspnea

   Cough
	21

15
	18

15


Deaths and Other Serious Adverse Events 

Serious Adverse Events:
Mineral/electrolyte abnormalities:

· Severe hypocalcemia (serum calcium less than 7 mg/dL or less than 1.75 mmol/L) occurred in 3.1% of denosumab patients and 1.3% of zoledronic acid patients.  In patients with severe hypocalcemia, 33% had 2 or more episodes of severe hypocalcemia and 16% had 3 or more episodes.  In the clinical trials, the episodes of hypocalcemia were without clinical sequelae. 

· Severe hypophosphatemia (serum phosphorous less than 2 mg/dL or less than 0.6 mmol/L) occurred in 15.4% of denosumab patients and 7.4% of zoledronic acid patients.

Deaths:  None reported due to therapy
Common Adverse Events

Adverse events occurring in greater than 20% of patients include nausea, fatigue/asthenia, dyspnea, and hypophosphatemia.
Other Adverse Events

Osteonecrosis of the Jaw (ONJ):  In the clinical trials, ONJ occurred in 1.8% of patients receiving denosumab and 1.3% of patients receiving zoledronic acid.  When including data from a 4 month extension trial, the incidence of ONJ was 2.2% in the denosumab patients.  The median time to onset was 14 months (range 4-25).  Pooled data from the three clinical trials shows an estimated risk ratio of developing ONJ of 1.4 (95%CI 0.92-2.13, p=0.11).  When focusing on the two trials reporting superiority, the estimated risk ratio for developing ONJ was 1.61 (95%CI 0.99-2.62, p=0.052).

Renal Adverse Events:  Overall renal adverse events occurred in 4.9%-15% of denosumab patients and 8.5%-16% of zoledronic acid patients.  However, in the individual trials, renal toxicity was always more frequent in patients on zoledronic acid.  In patients with a baseline creatinine clearance less than or equal to 60 mL/min, renal adverse events occurred in 5.9%-11.3% of denosumab patients and 20%-21.6% of zoledronic acid patients.
Acute Phase Reactions:  Adverse events, within the first 3 days after dose 1, associated with acute phase reactions (flu-like syndrome including pyrexia, chills, flushing, bone pain, arthralgias, and myalgias) occurred in 6.9%-10.4% of denosumab patients and 14.5-27.3% of zoledronic acid patients.
Tolerability

The most common adverse events leading to discontinuation were hypocalcemia and osteonecrosis.
For further details on the safety results of the clinical trials, refer to Appendix:  Clinical Trials (page 19).

Contraindications

None
Warnings and Precautions

Hypocalcemia
Correct pre-existing hypocalcemia before administering denosumab as denosumab can cause severe hypocalcemia.  Levels of calcium, magnesium, and vitamin D should be monitored as needed during therapy and more often if patient is receiving other drugs than can lower calcium levels.
In a small trial of 55 patients with cancer who received a single 60mg dose of denosumab, patients with a creatinine clearance less than 30 mL/min or on dialysis were at greater risk for experiencing hypocalcemia compared to patients with normal renal function.  There are no studies of patients of the risk for hypocalcemia in patients with a creatinine clearance less than 30 mL/min who received a dose of 120mg of denosumab.
Osteonecrosis of the jaw (ONJ)
In clinical trials, osteonecrosis of the jaw which manifested as jaw pain, osteomyelitis, osteitis, bone erosion, tooth or periodontal infection, toothache, gingival ulceration, or gingival erosion occurred in patients receiving denosumab.  In these trials, 79% of patients who developed ONJ while on denosumab therapy had a history of tooth extraction, poor oral hygiene, or use of a dental appliance.  An oral examination and appropriate preventive dentistry should be performed prior to initiating therapy with denosumab.  Patients should be advised to maintain good oral hygiene during therapy and invasive dental procedures should be avoided.
Sentinel Events

No data for the VA or JCAHO.
Look-alike / Sound-alike (LA / SA) Error Risk Potential

As part of a JCAHO standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from four data sources (Lexi-Comp, USP Online LASA Finder, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:

LA/SA for generic name denosumab:  Denosumab 60mg for osteoporosis, daclizumab
LA/SA for trade name Xgeva:  Extina, Exjade
Drug Interactions

No drug interaction trials were conducted.  In clinical trials, denosumab was given along with standard chemotherapy.  Serum denosumab concentrations were not altered by concomitant chemotherapy or hormonal therapy.
Acquisition Costs

Table #11
Drug Costs for Prevention of SREs (as of May 2011)
	Drug
	Dose
	Cost/Day/dose/month ($)
	Cost/Median duration of use/patient ($)

	Denosumab-Prostate
	120mg/month
	1235.10
	16,056.30/13 months

	Denosumab-Breast
	120mg/month
	1235.10
	20,996.7/17 months

	Denosumab-Solid tumors
	120mg/month
	1235.10
	8,645.7/7 months

	Zoledronic Acid-Prostate
	4 mg/month
	642.38
	8350.94/13 months

	Zoledronic Acid-Breast
	4 mg/month
	642.38
	10,920.46/17 months

	Zoledronic Acid-Solid Tumors
	4 mg/month
	642.38
	4,496.66/7 months

	Pamidronate
	90mg/month
	23.17-71.85
	393.89-1221.45/17 months


Pharmacoeconomic Analysis

There are no published pharmacoeconomic trials for denosumab for this use.
Conclusions

Questions to consider:

1.  Should zoledronic acid be replaced by denosumab?

2.  Is there a population that would benefit from denosumab over zoledronic acid or from zoledronic acid over denosumab?

3.  Is the difference in the median time to first SRE clinically significant in light of the absence of a survival or progression benefit?

4.  Is there information on sequencing of zoledronic acid and denosumab?

5.  What is the optimum duration of therapy with denosumab?

6.  The adverse event profiles are similar between the agents except for ONJ which may occur more often in denosumab patients; what quality of life data are available to distinguish between the agents?

Efficacy

Metastatic Disease

The efficacy of denosumab in delaying time to first SRE compared to zoledronic acid was tested in three phase III clinical trials in different patient populations.  Although the tumor types were different, the outcomes are consistent (see table below).
Table#12
Trials of denosumab versus zoledronic acid for patients with bone metastases
	Cancer Site
	HR
	P
	Overall Survival

	Prostate Cancer
	0.82
	<0.001 (non-inferiority)

0.008 (superiority)
	No difference

	Breast Cancer
	0.82
	<0.001 (non-inferiority)

0.01 (superiority)
	No difference

	Solid tumors (excluding breast and prostate)
	0.84
	<0.001 (non-inferiority)
0.06 (superiority)
	No difference in overall population

NSCLC: HR 0.79

Myeloma: HR 2.26


All three trials met the primary endpoint of non-inferiority.  Superiority was statistically significant in two trials but this was a secondary endpoint.  It is unknown if a study using superiority as a primary endpoint would confirm these results.  In the solid tumor and multiple myeloma study ad hoc analyses suggest that denosumab increased overall survival in NSCLC patients and may be detrimental to overall survival in patients with multiple myeloma.  These results would need to be confirmed in further clinical trials.  Although statistically significant, the primary and secondary outcomes suggest a modest benefit.  Whether or not the end point of time to first on-study SRE is an optimal endpoint for patients in the palliative setting in the absence of a survival benefit can be debated.  The optimal duration of therapy with denosumab in this setting is unknown, as is the duration of therapy with bisphosphonates.  Denosumab is a subcutaneous injection versus zoledronic acid which is given as an IV infusion over at least 15 minutes.
National Guidelines for bone-modifying agents now include denosumab in recommendations.  The National Comprehensive Cancer Network lists IV bisphosphonates and denosumab on equal footing and does not recommend one over another.  The American Society of Clinical Oncology guidelines for the role of bone-modifying agents in metastatic breast cancer place denosumab and IV bisphosphonates on equal footing and do not recommend one over another.( ASCO Guidelines ahead of print )
Other uses

The phase II data on the use of denosumab in patients on IV bisphosphonates for at least 8 weeks who continue to have high urine markers for bone turnover suggests a potential selective approach to denosumab use.
Use of denosumab to reverse treatment induced osteoporosis has been studied in breast cancer and prostate cancer.  While there were significant findings compared to placebo, a randomized trial comparing denosumab to bisphosphonates is required before this use can be generally recommended.
Safety

The overall adverse event numbers were similar between denosumab and zoledronic acid in all three trials.  However, there were frequency differences in some key areas.  There is a trend toward higher rates of renal toxicity in patients on zoledronic acid; this difference is accentuated in patients with baseline creatinine clearances less than or equal to 60 mL/minute.  Zoledronic acid should not be given to patients with a baseline creatinine clearance less than 30 mL/min.  While there are no package labeling restrictions on use of denosumab in patients with decreased creatinine clearance, there are no formal studies of denosumab 120 mg every 4 weeks in patients with baseline creatinine clearances less than or equal to 30 mL/min or on dialysis.  A study of 55 patients with cancer and varying renal function found a greater risk for hypocalcemia in patients with a baseline creatinine clearance less than 30 mL/min compared to patients with normal renal function who received a single dose of denosumab 60mg. Acute phase reaction symptoms in the first three days of treatment were more common in patients receiving zoledronic acid.  Hypocalcemia, without clinical sequelae, was more common in denosumab treated patients.  Cases of ONJ were numerically higher in denosumab patients with the limited follow-up allowed in clinical trials.
Cost

The cost of denosumab, relative to zoledronic acid, is a counterbalance to the modest gains in efficacy.  Zoledronic acid could be going generic as soon as 2013.  Do the convenience and cost savings of subcutaneous injections and the lack of need to closely monitor creatinine levels justify the increased costs with modest benefit?  It is difficult to assess as the endpoint in these trials is far from the primary treatment goals of the patient and physician.
References:
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Appendix:  Clinical Trials

Insert text here.

A literature search was performed on PubMed/Medline (1966 to April 2011) using the search terms denosumab using the Clinical Queries search filters for therapy.  The search was limited to studies performed in humans and published in English language. Reference lists of review articles were searched for relevant clinical trials. All randomized controlled trials published in peer-reviewed journals were included.

Denosumab Phase III Trial Summaries 

	Citation
	Eligibility Criteria
	Interventions/Endpoints
	Efficacy Results/Author’s Conclusions
	Safety/Study Analysis

	Prostate

Fizazi, et al, 20119
R, DB,DD, PC ,Phase III
International- 39 countries
n=1901 (ITT)

Funded by Amgen
	Inclusion 
1. Prostate CA
2. At least 1 bone met

3. failure of at least 1 hormone therapy (rising PSA to at least 0.4 mcg/L and castrate testosterone level)

4. adequate organ function

5. serum calcium 2-2.9mmol/L adjusted to albumin level

6. ECOG 0,1,2
Exclusion
1. current or previous IV bisphosphonate tx for bone mets
2. planned XRT or surgery to bone

3. Life expectancy <6 mos

4. current/previous osteonecrosis or osteomyelitis of jaw

5. planned invasive dental procedure during study

6. malignancy other than prostate CA within 3 years

7.creatinine clearance <0.5 mL/sec

Central Randomization


	Treatment
Denosumab 120mg SC plus placebo IV over 15 min
Vs

Zoledronic acid 4 mg IV over 15 min (dose-adjusted to creatinine clearance) plus placebo injection SC

Every 4 weeks

Endpoints 

Primary: 
Time to first on-study SRE (non-inferiority)
If non-inferior a secondary endpoint was time to first on-study SRE plus time to first and subsequent on-study SRE for superiority

Secondary:

1. overall survival

2. Investigator-assessed disease progression (visceral distant mets, locoregional progression, biochemical progression)

3. PSA

4. Change in bone turn-over markers from baseline

5. Safety assessment every 4 weeks

6. Skeletal surveys every 12 weeks
	Baseline 

Mean age(yrs): Zoledronic Acid (71); Denosumab (71)

Race: 85%white;
Performance Status: 93% ECOG 0-1;
Previous SRE: 24% in both groups
Results
Zoledronic Acid

N=951

Denosumab

N=950

Time to 1st on-study SRE

95%CI

HR

95%CI

P(non-inferiority)

P (superiority)

17.1 mos

15-19.4

20.7 mos

18.8-24.9

0.82

0.71-0.95

0.0002

0.008

Time to 1st on-study and subsequent SRE 
Rate Ratio

95%CI

P

0.82

071-0.94

0.004
Overall Survival
No difference
Disease Progression
No difference
PSA
No difference

Median decreases in markers for bone turnover

Greater for denosumab at week 13

On-study SRE
Event

Zoledronic Acid %

Denosumab 

%

Total events

41

36

Radiation to bone

21

19

Pathological fractures

15

14

Spinal cord compression

4%

3%

Surgery to bone

<1%

<1%


	Withdrawals
Reason

Zoledronic Acid  %

Denosumab  %

Discontinued

   Died

   Withdrew consent

   Disease progression

   Adverse event

78

28.2

17.2

11.9

4.5

76

30.9

15.5

12.3

5.9

Zoledronic acid mandated dose adjustments at baseline: 22%

Zoledronic acid doses withheld on study due to serum creatinine increases: 15%
Adverse Events

AE

Zoledronic acid %

Denosumab %

P

Any
97
97
1.00
Anemia
36
36
0.89
Back pain
30
32
0.4
↓appetite
29
28
0.76
Nausea
26
29
0.16
Fatigue
23
27
0.06
Constipation
27
25
0.46
Bone pain
26
25
0.63
Asthenia
25
25
1.00
Arthralgia
21
21
0.69
AE leading to DC
15
17
0.10
CTCAE grade3 or 4
66
72
0.01
Serious AE

60
63
0.2
Fatal AE
29
30
0.72
Osteonecrosis jaw
   Year 1

   Year 2

1
1

1

2

NA
Hypocalcemia
6
13
<0.0001
Study Analysis

· Compared to zoledronic acid, denosumab delayed the time to first on-study SRE by 3.6 months
· Denosumab also delayed the time to first and subsequent SRE
· There were more reports of hypocalcemia in the denosumab group, but none were fatal
· Osteonecrosis of the jaw occurred in both groups

	Solid Tumors and Multiple Myeloma (not Breast or Prostate)
Henry, et al.
R, DB,DD, PC ,Phase III

International
n=1,779 ITT
Funded by Amgen
	Inclusion 
1. solid tumors (except breast or prostate) and myeloma
2. at least 1 bone met by radiographic evidence

3. creatinine clearance ≥30 mL/min

4. ECOG PS ≤2
Exclusion
1. prior therapy with IV 

bisphosphonate
2. planned radiation or surgery to bone
3. unhealed dental/oral surgery

	Treatment
Denosumab 120mg SC plus placebo IV over 15 min

Vs

Zoledronic acid 4 mg IV over 15 min (dose-adjusted to creatinine clearance) plus placebo injection SC

Every 4 weeks

Endpoints 

Primary: 

Time to first on-study SRE (non-inferiority)

If non-inferior a secondary endpoint was time to first on-study SRE plus time to first and subsequent on-study SRE for superiority

Secondary:

1. overall survival

2. Investigator-assessed disease progression (visceral distant mets, locoregional progression, biochemical progression)

3. Change in bone turn-over markers from baseline

4. Safety assessment every 4 weeks

5. Skeletal surveys every 12 weeks

	Baseline 

Mean age (yrs): Zoledronic Acid (61); Denosumab (60)
    ≥65 yrs old: Zoledronic Acid 38%; Denosumab 34%

Gender: Male Zoledronic Acid 62%; Denosumab 66%
Performance Status: 82-84% ECOG 0-1
Primary Tumor Type:

    NSCLC 40%

    Multiple Myeloma 10%

    Other 50%

Prior SRE: Zoledronic Acid 50%; Denosumab 50%

Results
Zoledronic Acid

N=890

Denosumab

N=886

Time to 1st on-study SRE

HR

95%CI

P(non-inferiority)

P (superiority)
16.3 mos
20.6 mos
0.84

0.71-0.98

0.0007

0.06

Time to 1st on-study and subsequent SRE 
Rate Ratio

95%CI

P
0.90

0.77-1.04

0.14
Overall Survival

HR

P

0.95

0.43

Disease Progression

HR

P

1.00

1.0

Median decreases in markers for bone turnover

Between baseline and

Week 13

uNTx/Cr

P

Bone-specific alk phos

P

65%

29%

76%

<0.001

37%

<0.001

Ad Hoc Analyses: Denosumab relative to zoledronic acid
Denosumab

NSCLC

Time to 1st on-study SRE

HR

95%CI

P

Overall Survival

HR

95%CI

0.84

0.64-1.10

0.20

0.79

0.65-0.95

Multiple Myeloma
Time to 1st on-study SRE

HR

95%CI

P

Overall Survival

HR

95%CI

1.03

0.68-1.57

0.89

2.26

1.13-4.5

Other solid tumors
Time to 1st on-study SRE

HR

95%CI

P

Overall Survival

HR

95%CI

0.79

0.62-0.99

0.04

1.08

0.90-1.30


	Withdrawals

Reason

Zoledronic Acid  %

Denosumab  %

Discontinued

   Died

   Withdrew consent

   Disease progression

   Adverse event

80
35.5
16.1
11.7
5.4
79.1
35
14
14.2
4.1
Zoledronic Acid mandated dose adjustments at baseline: 17.3%

Zoledronic Acid  doses withheld during study due to serum creatinine increases: 8.9%

Adverse Events

AE

Zoledronic Acid

%

Denosumab

%

P

Any

95.9

95.8
1.00
Nausea

30.3

28.2
0.37
Anemia

32.6

27.6
0.03
Dyspnea

22.8

25.1
0.29
Fatigue

25.1

24
0.66
Constipation

24.4

21.8
0.21
Vomiting

20.8

21.2
0.91
Back pain

22.3

19.7
0.20
Asthenia

20.5

19.6
0.68
Anorexia
22.2

18.8
0.09
Pyrexia

20.7

15.8
0.01
CTC grades 3-5

80

77
0.10
Serious AE

66

63
0.16
AE leading to DC

12

10
0.20
Acute phase reaction

14.5

6.9
<0.001
Adjudicated ONJ

1.3

1.1
1.00
Infectious AE

39.7

40.8
0.70
Infectious serious AE

13.4

14.6
0.54
New primary malignancy

0.3

0.6
0.73
Renal AE

   ↑serum creatinine

   Renal failure

10.9

4.9

2.8

8.3
3.3

2.3

0.07
0.12

0.55

Study Analysis

· Compared to zoledronic acid in patients with solid tumors (except breast and prostate cancer) and multiple myeloma, denosumab was non-inferior in delaying time to first on-study SRE
· Although the numerical number of subsequent SRE was lower in the denosumab arm, it was not statistically significant
· When stratified by tumor type, the hazard ratio was statistically significant for other solid tumors, not significant for NSCLC, and worse than zoledronic acid for multiple myeloma.
· There were more reported cases of hypocalcemia with denosumab but were without clinical sequelae.
· Osteonecrosis of the jaw occurred in both arms


	Breast
Stopeck, et al.
R, DB,DD, PC ,Phase III

International
N=2,049

Funded by Amgen
	Inclusion:
1. Breast adenocarcinoma

2. at least 1 bone met by radiographic evidence

3. adequate organ function

4. ECOG 0-2

Exclusion:

1. Creatinine clearance < 30mL/min

2. Prior IV bisphosphonate therapy

3. concurrent or prior oral bisphosphonates for treatment of bone mets

4. nonhealed dental/oral surgery

5. prior malignancy within 3 years
	Treatment:
Denosumab 120mg SC plus placebo IV over 15 min

Vs

Zoledronic acid 4 mg IV over 15 min (dose-adjusted to creatinine clearance) plus placebo injection SC

Every 4 weeks

Endpoints:
Time to first on-study SRE (non-inferiority)

If non-inferior a secondary endpoint was time to first on-study SRE plus time to first and subsequent on-study SRE for superiority

Secondary:

1. overall survival

2. Investigator-assessed disease progression (visceral distant mets, locoregional progression, biochemical progression)

3. Change in bone turn-over markers from baseline

4. Skeletal morbidity rate (allowing one event per assessing period [3 weeks])

4. Safety assessment every 4 weeks

5. Skeletal surveys every 12 weeks

	Baseline:
Mean age (yrs): Zoledronic Acid (56); Denosumab (57)

Postmenopausal: Zoledronic Acid 82.2%; Denosumab 82.4%

ECOG 0-1: Zoledronic Acid 92%; Denosumab 93%

Prior SRE: Zoledronic Acid 37%; Denosumab 37%

Prior Therapy:

   Chemotherapy: Zoledronic Acid 81%; Denosumab 81%

   Hormonal therapy: Zoledronic Acid 71%; Denosumab 74%

   Oral bisphosphonates: Zoledronic Acid 4%; Denosumab 4%

ER/PR status

   Positive: Zoledronic Acid 71%; Denosumab 72%

   Unknown: Zoledronic Acid 13%, Denosumab 12%

HER2 status:

   Positive: Zoledronic Acid 19%; Denosumab 18%

   Unknown: Zoledronic Acid 34%; Denosumab 31%
Results
Zoledronic Acid

N=1,020

Denosumab

N=1,026

Time to 1st on-study SRE

HR

95%CI

P(non-inferiority)

P (superiority)

26.4 months
Not reached
0.82

0.71-0.95

<0.001

0.01

Time to 1st on-study and subsequent SRE 

Rate Ratio

95%CI

P

0.77

0.66-0.89

0.001
Overall Survival

HR

95%CI

P

0.95

0.81-1.11

0.49

Disease Progression

HR

95%CI

P

1.00

0.89-1.11

0.93

Median decreases in markers for bone turnover

Between baseline and

Week 13

uNTx/Cr

P

Bone-specific alk phos

P

<0.001

<0.001

Mean Skeletal morbidity Rate (# SRE’s per patient/patient’s time at risk)64.3
0.58 events per patient

0.45 events per patient

50
	Withdrawals

Reason

Zoledronic Acid  %

Denosumab  %

Discontinued

   Died

   Withdrew consent

   Disease progression

   Adverse event

55

17

11

12

4
54

17

12

12

3
Adverse Events

AE

Zoledronic Acid

%

Denosumab

%

Any

97.2

95.8

Nausea

37.9

34.9

Fatigue

32

29.5

Arthralgia

28.7

24.5

Back pain

26.1

23.6

Pyrexia

24.4

16.7

Bone pain

23.5

18.2

Vomiting

23.5

20.8

Anemia

22.9

18.8

Diarrhea

20.4

22.6

Dyspnea

18.8

21.8

Pain in extremity

21.9

20.0

Headache

21.1

19.3

Constipation

20.2

17.3

CTCAE >grade 3

62.7

59.7

CTCAE >grade3 in ≥5% frequency

  Neutropenia

  Dyspnea

  Anemia

  Fatigue

9.2

6.0

6.7

6.2

8.5

8.0

6.8

6.1

AE leading to DC

12.3

9.6

Serious AEs

45.5

44.4

Infectious AEs

48.8

46.4

Infectious serious AEs

8.2

7.0

New primary malignancy

0.5

0.5

Adjudicated ONJ

  Resolved

  Ongoing

  Continued until death

  Unknown

  Local infection
  Surgical treatment

42.9

7.1

35.7

14.3

64.3

50

50

10

25

15

50

35

Acute phase reaction

27.3

10.4

Renal AEs

  ↑serum creatinine

  Renal failure

4.0

2.5

3.0

0.2

Study Analysis

· Compared to zoledronic acid, denosumab delayed time to first on-study SRE
· Denosumab delayed time to first and subsequent SRE’s
· There were more reported cases of hypocalcemia with denosumab but were without clinical sequelae.
· Osteonecrosis of the jaw occurred in both arms


R=randomized; DB=double blind; DD=double-dummy; PC=placebo controlled; PSA=prostate specific antigen; ECOG=Eastern Cooperative Oncology Group; XRT=radiation therapy; SC=subcutaneous; SRE=skeletal related event (composite of pathologic fracture or spinal cord compression, or radiotherapy or surgery to bone); AE=adverse event; DC=discontinuation; CTCAE=Common Toxicity Criteria for Adverse Events; uNTx=urine N-telopeptide corrected for urine creatinine; NSCLC=non-small cell lung cancer; ONJ=osteonecrosis of the jaw;
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