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Executive Summary:  

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

· Denosumab has FDA label indications for the treatment of postmenopausal women with osteoporosis, treatment to increase bone mass in men at high risk for fracture receiving androgen deprivation therapy for nonmetastatic prostate cancer, and treatment to increase bone mass in women at high risk for fracture receiving adjuvant aromatase inhibitor therapy for breast cancer.

· The dose of denosumab is 60 mg subcutaneously every 6 months.

· Patients should not be hypocalcemic at the time of administration and should receive adequate vitamin D and calcium supplements throughout the course of treatment.

· Denosumab’s efficacy was established in the FREEDOM Trial, a 3-year double-blind, randomized, placebo-controlled clinical trial. After 36 months a new vertebral fracture, the study’s primary end point, was experienced by 2.3% of women assigned to denosumab and 7.2% placebo with a relative risk of 0.32 (95% CI 0.26–0.41), p<0.001. Secondary end point results at 36 months showed the ratio of time to first nonvertebral factures was reduced 20% (HR 0.8; 95% CI 0.67-0.95; p<0.01).  The cumulative incidence was 8% in the placebo arm and 6.5% in the denosumab arm.  The cumulative incidence of hip fracture was 0.7% in the denosumab compared to 1.2% in the placebo group.  This represents a 40% reduction in the hazard ratio risk in the denosumab group (0.60; 0.37-0.97; p=0.04) in the time to first hip fracture.

· Patients have received denosumab for as long as six years and continued to show an increase in bone mineral density in year six. 

· Compared to alendronate, denosumab has shown noninferiority across all measures and superiority with respect to BMD at the LS and distal ⅓ radius.  It is unknown whether denosumab’s superiority in changes in BMD results in a lower incidence of fracture.

· Denosumab’s adverse effect profile includes increased risk serious events: hypocalcemia, infection, osteonecrosis of the jaw, and dermatologic reactions such as cellulitis, rash, and eczema.  Unanswered safety concerns include a risk for cancers and pancreatitis.  Common adverse events were back pain, pain in extremity, musculoskeletal pain, hypercholesterolemia, and cystitis.

· Men have received limited exposure to denosumab.  Data is only available in trials assessing denosumab as a treatment for bone loss resulting from androgen deprivation therapy and glucocorticoids.

· Denosumab’s place in therapy is as an alternative to i.v. zoledronic acid and subcutaneous teriparatide for patients who cannot tolerate an oral bisphosphonate, who have not had a satisfactory response to an oral bisphosphonate, or who have a contraindication to a bisphosphonate (e.g., a creatinine clearance less than 30 or 35 mL/min).  Denosumab’s advantages include twice yearly administration, a rapid onset of action (similar to zoledronic acid), an increase in BMD at the distal ⅓ radius, and use in patients with renal impairment.  It’s disadvantages include the risk of serious adverse events, and whether the potential for development of neoplasms and pancreatitis is real, a higher cost.

· Denosumab’s annual per patient cost is $1257.14

Introduction

Denosumab is a monoclonal antibody and the first of new class of drugs for treating osteoporosis to employ a new mechanism of action.   Denosumab is marketed as two different brand name products in different strengths for different indications.  Prolia is approved for osteoporosis and Xgeva for the prevention of skeletal-related events in patients with bone metastases from solid tumors.
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 as a treatment for osteoporosis 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/Pharmacokinetics1
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
Denosumab’s 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)1 

Denosumab (Prolia): 

· Treatment of postmenopausal women with osteoporosis at risk for fracture

· Treatment to increase bone mass in men at high risk for fracture receiving androgen deprivation therapy for nonmetastatic prostate cancer

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

.  

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).

For men with osteoporosis or patients (male or female) who are at risk for drug-induced bone loss due to glucocorticoids or antiepileptic agents.

Current VA National Formulary Alternatives

Oral bispohsphonates: Alendronate, risedronate

I.V. bisphosphonate: Zoledronic acid

Dosage and Administration1, 2
The recommended dose of denosumab is 60 mg administered subcutaneously every 6 months in the upper arm, upper thigh, or abdomen.

Concomitant calcium and vitamin D supplementation to treat or prevent hypocalcemia and meet current recommendations is recommended.

Denosumab (Prolia) 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 the expected benefits outweigh 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, severe hypocalcemia  (<7.5 mg/dL or symptomatic) occurred predominantly in  patients with creatinine clearance less than 30 mL/min after receiving denosumab 60 mg.  After amending the protocol to include daily calcium and vitamin D supplementation, serum calcium concentrations were similar across all of stages of kidney function except in those with end stage renal disease, with median albumin-adjusted serum calcium of 7.9 mg/dL.  FDA commented that the decrease in calcium was transient, occurring primarily in the first month after the dose and pointing out the importance of calcium and vitamin D supplementation in patients with a CrCl < 30 mL/min.
Efficacy 

Efficacy Measures

Outcome Measures

Fractures: Vertebral, hip, others

· Reduced fracture rate compared to placebo is the gold standard of efficacy measures

· A primary outcome measure

Bone Mineral Density (BMD): Lumbar spine (LS), total hip, distal 1/3 of radius, total body

· A standard measure, although an increase in BMD does not guarantee a reduced risk of fracture

· A primary or secondary outcome measure depending on the study’s purpose and duration

Biomarkers or surrogates:

· Bone Resorption: Urine N-telopeptide of type I collagen (NTX):creatinine ratio, serum C-telopeptide of type I collagen (β-CTX)

· Bone Formation: Serum bone-specific alkaline phosphatase (BSAP), N-terminal propeptide of type I collagen (P1NP)

Summary of efficacy findings

Phase 2 Trial 

Dose Finding Trial with Six Year Extension3-6
A total of 412 postmenopausal women with T scores of -1.8 to -4.0 at the lumbar spine or -1.8 to -3.5 at the proximal femur were enrolled and randomly assigned one of 6 doses of denosumab, open-label oral alendronate 70 mg once weekly, or placebo. All participants took daily calcium 1000 mg and vitamin D 400 IU daily. Patients were followed up to 6 years with the all participants receiving denosumab 60 mg q6 months starting at 24 months or later. (See Figure 1)

Figure 1.  Treatment assignment by dose with number of subjects by time frame

	
	Time Frame

	Baseline 12 months
	24 months  
	36 months
	48 months
	72 months

	Denosumab  q 3 mo. (n)

· 6 mg      (44)

· 14 mg    (44)

· 30 mg    (41)

Denosumab q 6 mo.
· 14 mg    (54)

· 60 mg    (47)

· 100 mg  (42)

· 210 mg  (47)
	(35)            

(35)

 Placebo (30)       D 60 mg q6 mo

(43)

(41)

(36)

 Placebo (39)
	D 60 mg q6m (153)

Placebo (29)
	  D 60 mg q6 mo.
	(138)

  (17)

	Alendronate       (47)
	(40) 
	
	 (30) D 60 q6 mo.
	  (22)

	Placebo              (46)
	(38) 
	
	 (29) D 60 q6 mo.
	  (23)


Results at12 months3
· All doses of denosumab increased BMD at the LS, total hip, and distal radius compared to placebo.  Alendronate increased BMD at the LS and total hip compared to placebo.

· The mean changes in BMD at the LS ranged from +3% to +6.7% across the 6 denosumab treatment groups, +4.6% with alendronate, and -0.8% with placebo.  Changes in the denosumab 60 mg q 6 months and alendronate groups were identical.

· The mean increases in BMD at the total hip ranged from +1.9% to +3.6% with denosumab, +2.1% with alendronate, and a loss of 0.6% with placebo.  Denosumab 60 mg q6 months resulted in a 3.6% increase in BMD.

· At the distal radius the mean changes in BMD ranged from +0.4% to +1.3% with denosumab and -0.5% and -2% with alendronate and placebo, respectively.  Denosumab 60 mg q6 months increased BMD 1.3%.

· Denosumab reduced β-CTX concentrations as early as 3 days after initiation.  A partial reversal of affect was seen with denosumab 6 mg q3 months and 14 mg q14 months prior to the next dose, i.e., the duration of effect was dose-dependent.  Alendronate produced a less rapid, but substantial decrease in β-CTX.   Changes in NTX:creatinine ratio were similar to those of β-CTX.

· Bone-specific alkaline phosphatase declined 40%-60% between months 1 and 12 with all treatments except placebo.

· A small decrease in albumin-adjusted serum calcium was noted 3 days after denosumab administration with the greatest decline in the denosumab 30 mg q3 months arm (2.32 mmol/L; reference 2.10 to 2.58) compared to 2.41 and 2.44 mmol/L with alendronate and placebo, respectively.  The difference was minimal between all groups after 12 months.

· Intact parathyroid hormone concentrations initially rose in all active treatment groups, but were below the upper limit of normal (6.9 pmol/L) after 12 months.

Results at 24 months (all patients on their original randomized treatment)4
· The mean changes from baseline in BMD at the LS ranged from +4.13% to +8.89% across the 6 denosumab treatment groups versus -1.18% with placebo.   For the denosumab 60 mg q6 month group the changes from 12 to 24 months and overall at 24 months were 2.75% and 7.3%, respectively. 

· All doses of denosumab resulted in significantly greater mean increases in BMD at the total hip than placebo which continued to decline.  Changes from 12 to 24 months and at 24 months in the denosumab 60 mg q 6 month group were 1.5% and 4.5%, respectively.

· At the distal radius all doses of denosumab resulted in significant a mean increase in BMD compared to placebo which continued to decline. Changes from 12 to 24 months and at 24 months in the denosumab 60 mg q 6 month group were 0.52% and 2.8%, respectively.

· Treatment with alendronate resulted in significant increases in BMD at all 3 locations compared to placebo.  These increases were equal to or less than those seen in the denosumab arms with the exception of denosumab 14 mg q 6 months.

· Reductions in β-CTX and NTX were maintained at 24 months.

Results at 48 months5
After 24 months all original denosumab treatment groups were receiving denosumab 60 mg q6 months except the 210 mg group which was switched to placebo after 24 months and the denosumab 30 mg q3 months which was stopped months 24 to 36, then restarted as denosumab 60 mg q6 months.  Alendronate was discontinued after 24 months and patients followed.  Blinding was maintained in all groups except the alendronate group.

· The mean changes from baseline in BMD at the LS ranged from +9.4% to +11.8% in participants who had received denosumab continuously since baseline versus -2.4% with placebo.   

· At the total hip, mean changes in those receiving denosumab was +4.0% to +6.1% compared with -3.5% for the placebo group.

· The mean changes at the distal radius ranged from +1.0% to 1.7% with denosumab compared to -4.7% with placebo.

· Biochemical markers of bone turnover, β-CTX, NTX, and bone alkaline phosphatase, remained reduced throughout the 48 month period.

· Discontinuing denosumab after 24 months in participants originally assigned to the denosumab 210 mg every 6 months negated most of the gains in BMD in 12 months (Month 36).  At Month 48, BMD was back to baseline.  Corresponding reversals were seen in biochemical markers of bone turnover.

· Discontinuation of denosumab 30 mg every 3 months (after 24 months) for 12 months, then restarting denosumab 60 mg every 6 months resulted in a decline in BMD at all sites followed by gains returning BMD to 24 month values at Month 48.  Biochemical markers increased after denosumab discontinuation, the rapidly declined after reinitiating treatment. 

· Discontinuation of alendronate resulted in small declines in BMD at the LS at Months 36 and 48.  Declines in BMD were more substantial and approaching baseline at the total hip and distal radius. Biochemical markers increased after alendronate was discontinued but remained below baseline values.

Results at 72 months6
During Months 48 to 72 all remaining study participants received denosumab 60 mg every 6 months, including those originally assigned to placebo or alendronate.  This includes 124 patients who’d been receiving this dose of denosumab for at least 48 months.

· From Months 48 to 72, BMD increased by means of 2.9%, 1.1%, 1.0%, and 1.2% at the LS, total hip, distal radius, and femoral neck, respectively.

· Mean total increases in BMD for persons receiving denosumab continuously for 6 years were 13.3% at the LS, 6.1% at the total hip, 1.9% at the distal radius, and 5.6% at the femoral neck.  Serum β-CTX concentrations were reduced by a median of 54.8% at 72 months compared to baseline.

· Participants assigned to placebo, alendronate, or whose denosumab was stopped showed similar improvements in BMD at the LS, total hip, distal radius, and femoral neck after starting denosumab 60 mg every 6 months.  Gains were greatest in the LS and total hip.  Serum β-CTX and bone alkaline phosphatase declined and remained within the premenopausal range.

Phase 3 Trials

FREEDOM Trial7, 8
The FREEDOM Trial served as the pivotal trial for FDA approval of denosumab as a treatment for postmenopausal osteoporosis.  A total of 7868 women ages 60 – 90 years were enrolled in this randomized, placebo-controlled, double-blind, multicenter trial.   Eligible participants had a T- score less than -2.5 but not less than -4.0 at the LS or total hip.  Women who had taken a bisphosphonates for more than 3 years were excluded.  Those who’d taken a bisphosphonate for less than 3 years could be enrolled after 12 months without treatment.  Women whose serum 25-hydroxyvitamin D concentration was less than12 ng/mL were excluded.   Subjects were assigned receive denosumab 60 mg (n=3902) or placebo (n=3906) subcutaneously every 6 months for 36 months.  All participants received supplements of at least 1000 mg of calcium per day, and either 800 IU or 400 IU of vitamin D daily based on their baseline serum 25-hydroxyvitamin D concentration. 

New vertebral fractures based on annual radiographs of the lateral spine were the primary efficacy outcome.  Secondary efficacy outcomes were the time to the first nonvertebral fracture and time to first hip fracture.  Bone mineral density as measured by DEXA scan of the hip and LS were performed at baseline, then annually (hip) and at 36 months (LS).  A subset of participants (n=441) have more frequent scans of both sites. Biomarkers of bone turnover, β-CTX and bone formation serum procolagen rtype I N-terminal propeptide (PINP), were collected from another sample (n=160) at baseline, 6, 12, 24, and 36 months.  At baseline ~24% of women had a vertebral facture.  Eighty-two percent of study participants completed the 36 month trial and 76% received all injections.

Primary end point results at 36 months

· A new vertebral fracture was experienced by 2.3% of women assigned to denosumab and 7.2% placebo with a relative risk of 0.32 (95% CI 0.26–0.41), p<0.001.

Secondary end point results at 36 months

· The hazard ratio of time to first nonvertebral factures was reduced 20% (HR 0.8; 95% CI 0.67-0.95; p<0.01.  The cumulative incidence was 8% in the placebo arm and 6.5% in the denosumab arm.

· The cumulative incidence of hip fracture was 0.7% in the denosumab compared to 1.2% in the placebo group.  This represents a 40% reduction in the hazard ratio risk in the denosumab group (0.60; 0.37-0.97; p=0.04) in the time to first hip fracture.

Other fracture end points at 36 months

· The cumulative incidence of new clinical vertebral fracture was 0.8% for women assigned to denosumab and 2.6% placebo with a hazard ratio of 0.31 (95% CI 0.20–0.47), p<0.001.

· Multiple new vertebral fractures were identified in 0.6% and 1.6% of women in the denosumab and placebo groups, respectively (RR 0.39; 95% CI 0.24-0.63; p<0.001).

Changes in BMD and biomarkers at 36 months

· The relative increase in BMD with denosumab was 9.2% at the LS and 6% at the total hip compared to placebo.

· Over the 36 months the change in β-CTX concentration in the placebo and were essentially zero compared to baseline.  Denosumab resulted in an 86% decrease in β-CTX after 1 month with this decline leveling off at 72% after 6 months.

· Concentrations of PINP declined rapidly in the first 6 months before leveling off.  Concentrations in the placebo group initially declined then rose to above baseline after 12 months.  The differences in PINP concentrations between placebo and denosumab were --18%, -50%, and -76% at 1, 6 and 36 months, respectively.

Post hoc analysis
A post hoc analysis of the FREEDOM Trial determined that denosumab compared to placebo significantly reduced the risk of new vertebral fractures in women deemed to be at higher risk for fracture.  The incidence of a new vertebral fracture was 16.6% with placebo and 7.5% with denosumab in women with multiple and/or severe prevalent vertebral fractures (absolute risk reduction 9.2%, p<0.001).  The incidence of hip fracture differed in women age >75 years (2.3% placebo vs. 0.9% denosumab, p<0.01) or with a baseline T-score <-2.5 at the femoral neck (2.8% vs. 1.4%, p=0.02).  Risk reductions were similar to those in patients at lower fracture risk.

DECIDE Trial (Determining Efficacy: Comparison of Initiating Denosumab vs. Alendronate)9
Denosumab’s efficacy and safety were compared to those of alendronate in a randomized, double-dummy, active-controlled, international, multicenter, noninferiority trial.  Postmenopausal women who were ambulatory with at T-score < -2.0 at the total hip or LS on DXA, and a serum 25(OH)D concentration >12 ng/mL were eligible.  Subjects were assigned to denosumab 60 mg subcutaneously every 6 months with weekly oral placebo or weekly oral alendronate 70 mg and placebo injection every 6 months.  All participants received at least calcium 500 mg daily and vitamin D supplementation of >400 IU daily or >800 IU daily based on serum 25(OH)D concentrations.  The study’s duration was 12 months. The primary hypothesis was that denosumab would be noninferior to alendronate in BMD at the total hip after 12 months.  Secondary hypotheses were that denosumab would be superior at the total hip and distal 1/3 of the radius, and noninferior in percent change in BMD at the trochanter, femoral neck, and LS.  Noninferior parameters for the difference in the percent change in BMD between groups were set at -1.22% for the total hip, -2.29 for the LS, -1.04% for the femoral neck, and -1.65 for the trochanter.  These values were based on the difference between alendronate and placebo from a meta-analysis.

A total of 594 women were randomized to denosumab and 595 to alendronate. The mean age was 64 years, 85% were Caucasian, and had been postmenopausal a mean of 17 years. Approximately ¼ in both groups had received previous treatment with osteoporosis medications, including oral bisphosphonates (~12%) for which the median time since discontinuation and enrollment was 33 and 26 months for the denosumab and alendronate treatment groups, respectively.  Denosumab met the primary and secondary hypotheses of noninferiority and was superior to alendronate in BMD changes at the LS and ⅓ distal radius (Table 2).  In addition, β-CTX concentrations declined markedly faster in the denosumab group with a significant difference between the two groups at 1 month of starting treatment that remained significant until the Month 12.  A decline in PINP concentrations was also noted with both treatments and was significantly greater in the denosumab arm for the entire trial.

Table 2 Mean percent change in BMD from baseline and absolute treatment difference by site after 12 months

	Site
	% Δ BMD
	*Absolute Tx Difference

LS mean (95% CI)
	Non-inferiority Margin

	
	Denosumab
	Alendronate
	
	

	Total hip
	3.5
	2.6
	1.0% (0.7-1.2)
	-1.22%

	†Lumbar spine
	5.3
	4.2
	1.1% (0.7-1.4)
	-2.29%

	Trochanter
	4.5
	3.4
	1.0% (0.6-1.4)
	-1.65%

	†Femoral neck
	2.4
	1.8
	0.6% (0.3-1.0)
	-1.04%

	 ⅓ distal radius
	1.1
	0.6
	NA
	NA


*less non-inferiority margin
†values of % Δ BMD sufficient to show denosumab superiority to alendronate

NA = Not Available

STAND (The Study of Transitioning from Alendronate to Denosumab)10
Denosumab’s efficacy and safety were compared to those of alendronate in postmenopausal women who’d been taking 70 mg of alendronate weekly for at least 6 months. The study was designed as a randomized, placebo-controlled, double-dummy, active-controlled, international, multicenter, noninferiority trial.  Postmenopausal women who were ambulatory with at T-score < -2.0 and > -4.0 at the total hip or LS on DXA, a serum 25(OH)D concentration > 20 ng/mL, and an estimated creatinine clearance >35 mL/min were eligible. Following a one month open-label, run-in period when all participants received alendronate 70 mg once weekly, subjects were randomized to denosumab 60 mg sc every 6 months or continued on alendronate.  All participants received 1000 mg of calcium and vitamin D supplementation of >400 IU daily.  The study’s duration was 12 months. The study’s primary endpoint was the percent change in total hip BMD between baseline and the end of the trial.  The primary hypothesis was that denosumab would be noninferior to alendronate in BMD at the total hip after 12 months.  Noninferior parameters for the difference in the percent change in BMD between groups were set at -0.35% for the total hip.  The margin was based on the findings of two studies in postmenopausal women who after at least 6 months of alendronate either continued or discontinued the bisphosphonate with the changes in total hip BMD between the groups determined after 12 months.  An a priori cascade was followed to guide additional testing for noninferiority and superiority based on changes in BMD and β-CTX concentrations.

A total of 504 women were enrolled and randomized to denosumab (n=253) and alendronate (n=251). The mean age was 67.6 years and had been postmenopausal a mean of 19 years. The median duration of alendronate therapy prior to enrollment was 36 months.  Average T-scores at the total hip and LS were -1.80 and -2.63, respectively. Fifty percent had a previous osteoporotic-related fracture.   After 12 months, women switched to denosumab had a mean increase of 1.90% (95% CI 1.61% - 2.18%) at the total hip compared to 1.05% (1.05% - 1.34%) in those who continued alendronate.  The corresponding difference between groups was 0.85% (0.44% - 1.25%) greater in the denosumab group and greater than the prespecified noninferiority margin.  Thus, showing the noninferiority of denosumab compared to alendronate.  Denosumab demonstrated superiority to alendronate in changes in BMD at the total hip (p<0.0001).  The increase in BMD was also greater with denosumab than alendronate at the LS, 3.03% (2.63% - 3.44%) and 1.85% (1.44% - 2.26%), respectively (p<.0001); a difference of 1.18% (0.63% - 1.73%) and demonstrating denosumab’s noninferiority. Denosumab also resulted in significantly greater increases in BMD at the femoral neck and ⅓ distal radius (p<.0121).  The increases in BMD were in evidence at the 6 month mark at the LS and all measured femoral sites.  A small, but significant, decline serum β-CTX and PINP concentrations was noted in women treated with denosumab, while remaining stable in women continuing on alendronate.

The results of the DECIDE and STAND trials led to accepting their null hypotheses that denosumab was noninferior to alendronate and superior at some skeletal sites. Although there was a statistically significant difference in the bone density change between the alendronate and denosumab groups, it is not clear that the magnitude of the change has clinical significance.   In addition, neither trial was of sufficient duration or power to assess a change in fracture rate.

Prevention of cancer therapy-induced bone loss

Androgen deprivation therapy in prostate cancer11
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 400 units.

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 3
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 4
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.

Aromatase inhibitor therapy in breast cancer12
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 5
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
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Table 6
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.

Use in Rheumatoid Arthritis Patients13
Denosumab’s effect on BMD and bone turnover markers was assessed in a post-hoc analysis of a Phase II study of rheumatoid arthritis patients randomized to placebo or denosumab 60 mg or 180 mg every 6 months for 12 months stratified by glucocorticoid (n=70) or bisphosphonate use (n=51).  Baseline T-scores at the LS and total hip were similar between the stratified groups as were disease characteristics.  The mean duration of rheumatoid arthritis was ~11 years.  Patients using >2.5 mg of prednisone per day for 90 days or longer were assigned to glucocorticoid subgroup; median prednisone dose 5 mg at baseline and 4 mg at the end of the trial (range 1 – 15 mg).  At the LS both doses of denosumab increased BMD by ~2.5% from baseline after 12 months compared to ~0.5% in the placebo arm.  At the total hip an increase of ~2% was seen with both doses of denosumab versus a 1% decline with placebo.  Suppression of biomarkers β-CTX and PINP was noted at 3 months post denosumab and began to rise in the month prior to the next dose.  Similar efficacy findings were noted in patients receiving a bisphosphonate.
Adverse Drug Events and Safety

Deaths and Other Serious Adverse Events 

Four serious adverse effects emerged in clinical trials

· Hypocalcemia – small, transient decreases in corrected calcium concentrations were identified in the first month after administration.  Calcium concentrations normalized as stabilized thereafter.
· Osteonecrosis of the jaw has been reported with denosumab.  Two cases have appeared in the literature.  One case was a 60 year old man with metastatic prostate adenocarcinoma treated with a course of docetaxel and prednisolone who received denosumab 60 mg in a clinical trial.  The second case reported was a 65 year old woman with a history of sacral giant cell tumor, treated by resection.  After sustaining a L2 - L5 fracture from a fall in 2007 was started on 120 mg weekly for 3 weeks, then 120 mg every 4 weeks reported mandible pain in late 2009 requiring oral surgery to repair the causal lesions.  In April 2009 she was diagnosed with osteonecrosis of the jaw.
· Infections (increased risk) is a concern because of activated T and B lymphocytes and lymph nodes express the RANK ligand and the role of the RANK-RANKL system in the induction of proinflammatory cytokines.  A meta-analysis of 3 denosumab trials with 17 patients who received denosumab and 2 who took placebo reporting a serious infection which represents greater than a 4-fold increased risk (OR 4.45, 95% CI 1.15-17.14).
· Dermatologic conditions such as dermatitis, eczema, and rashes were seen more often in denosumab patients than placebo with a 2.26% difference between treatments.
The incidence of serious adverse events in the FREEDOM TRIAL is shown in Table 7.  



Table 7 Mortality and serious adverse events
	ADE
	Placebo
	Denosumab

	All cause mortality
	2.3%
	1.8%

	Nonfatal serious ADE
	24.2%
	25.0%

	Withdrawal due to an ADE
	2.1%
	2.4%


The incidence of serious adverse events in the dose finding, six-year extension trial was 10.9% with placebo and 17.8% with denosumab after 48 months.  Neoplasms were reported in 4.3% of patients treated with placebo and 4.8% treated with denosumab.  Infections resulting in hospitalization occurred in 3.2% and 0% of patients treated with denosumab and placebo, respectively.  During years 5 and 6, when all patients were taking denosumab 60 mg (n=200), 13% experienced a serious adverse event, 1.5% were hospitalized for an infection (single cases of pneumonia, endocarditis and staphylococcal bacteremia, and diverticulitis) and 7% reported a neoplasm.   There were four deaths among patients denosumab   in the first 48 months and none in the placebo arm.  Deaths were due to gastric cancer, adenocarcinoma, brain neoplasm, and cerebral vascular accident.  Three deaths were reported in the final 2-year denosumab-only extension trial: 1 from an unknown cause, 1 from hepatic malignant neoplasm, and 1 from COPD.
Common Adverse Events

The most common adverse events reported in clinical trials were back pain, pain in extremity, musculoskeletal pain, hypercholesterolemia, and cystitis.  

Table 8 Adverse events occurring in >2% of patients with osteoporosis 

or more frequently than in placebo-treated patients

	ADE
	Denosumab
	Placebo

	Anemia
	3.3
	2.8

	Angina pectoris
	2.6
	2.2

	Atrial fibrillation
	2.0
	2.0

	Vertigo
	5.0
	4.8

	Abdominal pain, upper
	3.3
	2.9

	Flatulence
	2.2
	1.4

	GERD
	2.1
	1.7

	Peripheral edema
	4.9
	4.0

	Asthenia
	2.3
	1.9

	Cystitis
	5.9
	5.8

	URI
	4.9
	4.0

	Pneumonia
	3.9
	3.9

	Pharyngitis
	2.3
	2.0

	Herpes zoster
	2.0
	1.9

	Hypercholesterolemia
	7.2
	6.1

	Back pain
	34.7
	34.6

	Pain in extremity
	11.7
	11.1

	Musculoskeletal pain
	7.6
	7.5

	Bone pain
	3.7
	3.0

	Myalgia
	2.9
	2.4

	Spinal osteoarthritis
	2.1
	1.7

	Sciatica
	4.6
	3.8

	Insomnia
	3.2
	3.1

	Rash
	2.5
	2.0

	Pruritus
	2.2
	2.1


Other Adverse Events

Pancreatitis was reported in 8 patients assigned to denosumab (0.2%) and 4 patients taking placebo (0.1%).  All 8 cases were serious in the denosumab arm, including one death, compared to 1 case in the placebo group. The time frame from drug administration to onset was variable and several patients had a history of pancreatitis.

New malignancies had an overall incidence of 4.8% and 4.3% in denosumab and placebo treated patients.  Specific cancers were breast (0.9% denosumab and 0.7% placebo), reproductive system (0.5% and 0.2%) and gastrointestinal system (0.9% and 0.6%).  A causal relationship has not been established.

Immunogenicity is possible with any human monoclonal antibody.  Less than 1% of patients exposed to denosumab for 5 years tested positive for binding antibodies.  No patient tested positive for neutralizing antibodies and there was no evidence of an alteration in pharmacokinetic or toxicity profiles, or clinical response.

Safety in Men11
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 in the placebo group was thought to possible be due to therapy.  PSA levels were unaffected in both groups.  No cases of 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).

Tolerability

The most common adverse events leading to discontinuation of denosumab in clinical trials were breast cancer, back pain, and constipation.

Contraindications

· Hypocalcemia

Warnings and Precautions

· Patients taking denosumab as Prolia should not receive another product containing denosumab, i.e., XGEVA.

· Hypocalcemia must be corrected before initiating denosumab, particularly patients with renal impairment.

· Patients are to be taking adequate supplementation of vitamin D and calcium

· Serious infections, including skin infections, may occur are result in hospitalization.  Patients are to be advised to seek medical attention if they develop signs or symptoms of infection, including cellulitis.

· Dermatitis, rashes, and eczema have been reported.  Discontinue denosumab if severe.

· Osteonecrosis of the jaw has been reported.

· Significant suppression of bone turnover has been demonstrated; monitor for consequences.

Use in Pregnancy and Breastfeeding – see Use in Special Populations

Postmarketing Safety Experience 

The manufacturer has initiated the following postmarketing surveillance programs, providers are encouraged to enroll by calling 1-800-772-6436 or at www.proliasafety.com when appropriate:

· Pregnancy

· Hypocalcemia event leading to hospitalization or emergency room (ER) visit where hypocalcemia is primary reason for hospitalization or ER visit
· Infectious event leading to hospitalization, ER visit, or administration of intravenous anti-infective medication - Infectious event is the primary reason for hospitalization or ER visit
· Dermatologic events leading to hospitalization or ER visit - Dermatologic event that is primary reason for hospitalization or ER visit (e.g., toxic epidermal necrolysis, Stevens-Johnson Syndrome)
· Osteonecrosis of the jaw – Exposed alveolar or mandibular (jaw or mouth) bone that did not heal within 8 weeks in a patient with no history of radiation to jaw)
· Atypical fracture – Transverse or oblique femoral shaft fracture in the subtrochanteric or proximal diaphyseal (e.g., mid-femur) region that occurred after a fall from standing height or less; excludes spiral fractures
· Fracture healing complications – Delay in expected healing time for fracture that is not the result of improper primary fixation. Often characterized by non-union of the fracture requiring revision surgery
· Acute pancreatitis leading to hospitalization or ER visit in which the event of acute pancreatitis is primary reason for hospitalization or ER visit
· New primary malignancy – any malignancy that is not a recurrence or metastasis of an existing malignancy. Excludes non-melanoma skin cancer (e.g, basal cell cancer of the skin) and benign neoplasms (e.g., non-invasive)
· Hypersensitivity event leading to hospitalization or ER visit (e.g., anaphylaxis, angioedema) in which the event of hypersensitivity is the primary reason for hospitalization or ER visit
Sentinel Events

None
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:  XGEVA

LA/SA for trade name Prolia:  Proleukin, Prolastin, Prolixin, XGEVA

Drug Interactions

Drug-Drug Interactions

No drug interactions studies have been conducted.

Drug-Lab Interactions

None reported.

Acquisition Costs

Table 9
Costs of denosumab and comparable agents

	Drug
	Dose
	Cost/dose ($)
	Cost/Day ($)
	Cost/Year/patient ($)

	Denosumab (Prolia)
	60 mg every 6 months
	628.57
	3.45
	1257.14

	Zoledronic acid
	5 mg once a year
	803.29
	4.87
	803.29

	Alendronate
	70 mg once a week
	0.42
	0.06
	21.84

	Teriparatide
	20 mcg daily
	17.76
	17.76
	6482.40


Costs as of September 6, 2011.  Costs do not include administration costs and are not updated after the monograph is posted.

Pharmacoeconomic Analysis14
Belgian investigators constructed a Markov microsimulation model of denosumab’s cost-effectiveness compared to no treatment for postmenopausal women.  The model was populated using data from the FREEDOM TRIAL, Belgian epidemiologic studies for hip fracture risk, and other literature sources.  Model patients were 60 to 80 years of age with a BMD T-score < -2.5 or prevalent vertebral fracture.  Model outcomes were no fracture, hip fracture, clinical vertebral fracture, wrist fracture, other fracture or death.  All patients began in the “no fracture” state and transitioned through 1 year cycles until death or age 105 years.  During each cycle a patient could experience no fracture or a new fracture at any site regardless of their history.  The patient population was assigned baseline characteristics of the FREEDOM TRIAL.  An incremental cost-effectiveness ratio (ICER) was calculated and defined as the difference between costs of denosumab and no treatment divided by the difference in their effectiveness.  Each model ran 10 times with 200,000 patients.  Mean ICER and 95% CI were calculated for each simulation.  Denosumab persistence was assumed to be 60.7% over a 3-year treatment period.  One-way and probabilistic sensitivity analyses which varied all parameters were performed to assess the effect on cost-effectiveness.

Life time cost and cost/QALY gained increased progressively with increasing drug costs for denosumab compared to no treatment.  Using three annual denosumab cost scenarios (2009 prices), €352.2, €414.3 (base-case), and €476.4, denosumab was cost-effective at a willingness to pay €35,000 per QALY gained.  Sensitivity analyses showed that the findings were most sensitive to discount rates (↑ICER) and fracture risk, and less sensitive to fracture cost and disutility.  Cost-effectiveness was also increased with a T-score of -2.5 (€15,532) or when all women had a prevalent vertebral fracture (€11,604).  Drug costs, €352.2 (15% lower), €414.3 (base-case), and €476.4 (15% greater) remained cost effective with probabilities of 77%, 60%, and 36%, respectively, at a threshold of €30,000/QALY.  At a threshold of €40,000 the probabilities of being cost-effective were 93%, 85%, and 67%.

Denosumab was found to be cost effective at the €30,000 threshold across the entire age range of 60 – 80 years in women with a T-score < -2.5 or prevalent vertebral fracture.

Conclusions

Denosumab is the first in class drug for the treatment of osteoporosis.  It has been shown to increase bone mineral density and reduce the risk for fractures at the LS and hip greater than seen with placebo.   Compared to alendronate, denosumab has shown noninferiority across all measures and superiority with respect to BMD at the LS and distal ⅓ radius.  It is unknown whether denosumab’s superiority in changes in BMD results in a lower incidence of fracture.

Denosumab’s adverse effect profile includes increased risk serious events: hypcalcemia, infection, osteonecrosis of the jaw, and dermatologic reactions such as cellulitis, rash, and eczema.  Unanswered safety concerns include a risk for cancers and pancreatitis.  Common adverse events were back pain, pain in extremity, musculoskeletal pain, hypercholesterolemia, and cystitis.

The majority of participants in clinical trials with denosumab were postmenopausal women; men were only included in trials of bone loss associated with androgen deprivation therapy and rheumatoid arthritis patients taking glucocorticoids.  Denosumab appeared to be well tolerated by men.  The results of larger trials in men with osteoporosis are pending.

Denosumab’s place in therapy is as an alternative to i.v. zoledronic acid and subcutaneous teriparatide for patients who cannot tolerate an oral bisphosphonate, who have not had a satisfactory response to an oral bisphosphonate, or who have a contraindication to a bisphosphonate (e.g., a creatinine clearance less than 30 or 35 mL/min).  Denosumab’s advantages include twice yearly administration, a rapid onset of action (similar to zoledronic acid), an increase in BMD at the distal ⅓ radius, and use in patients with renal impairment.  Its disadvantages include the risk of serious adverse events, and whether the potential for development of neoplasms and pancreatitis is real, a higher cost.
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