Denosumab (ProliaTM) 

Manufacturer: Amgen Inc.

Classification:  Human monoclonal antibody
Pharmacology: 
Denosumab (ProliaTM) is a human IgG2 monoclonal antibody produced in genetically engineered mammalian (Chinese hamster ovary) cells that binds receptor activator of nuclear factor-B ligand (RANKL) disallowing activation of the cognate receptor RANK. This in turn inhibits osteoclast formation, function and survival, which decreases bone resorption and increases bone mass and strength in coritcal and trabecular bone reducing the incidence of vertebral, nonvertebral, and hip fractures in postmenopausal women with osteoporosis at high risk for fracture.    
Pharmacokinetics:

A study was conducted in healthy men and women (n=73, age range: 18 to 64) administered a single injection of Prolia 60 mg after fasting for at least 12 hours.  The mean maximum denosumab concentration (Cmax) was 6.75 mcg/ml (standard deviation [SD] = 1.89 mcg/ml). The median time to maximum denosumab concentration (T max) was 10 days (range: 3 to 21 days).  After Cmax, serum denosumab concentrations declined over a period of 4 to 5 months with a mean half-life of 25.4 days (SD=8.5 days; n=46). The mean area-under-the-concentration-time curve up to 6 weeks (AUC0-16 weeks) of denosumab was 316 mcg∙day/ml (SD=101 mcg∙day/ml). No accumulation or change in denosumab pharmacokinetics with time was observed upon multiple dosing of Prolia 60 mg injection every 6 months.  A population pharmacokinetic analysis was performed that showed no significant differences in pharmacokinetics with age in postmenopausal women, race, or body weight (36 to 140 kg). 
Indications:

Denosumab is indicated for the treatment of osteoporosis in postmenopausal women.
Dosage:  
The recommended dose of Prolia is 60 mg administered as a single subcutaneous injection once every 6 months.  
Patients on denosumab should receive calcium 1000 mg daily and at least 400 international units vitamin D daily. 
Note: If a patient misses an injection of Prolia, administer the injection as soon as possible. Subsequent injections should be 6 months from the date of the last injection.

No dosage adjustment is necessary in patients with renal impairment, although patients with severe renal impairment (CrCl <30 ml/min) or dialysis may be at greater risk of developing hypocalcemia with denosumab.  No clinical studies have been conducted to evaluate the effect of hepatic impairment on the pharmacokinetics of denosumab. In addition, safety and effectiveness of denosumab has not been established in pediatric patients.
Storage and Administration:  

Denosumab should only be administered by a healthcare professional.   

Denosumab is supplied in a single-use prefilled syringe with a safety guard or in a single-use vial.  The grey needle cap on the singe-use prefilled syringe contains dry natural rubber (a derivative of latex).  People sensitive to latex should not handle the grey needle cap on the single-use prefilled syringe.  

Denosumab must be stored in a refrigerator at 2 to 8ºC (36 to 46ºF), do not freeze.  Denosumab may be allowed to reach room temperature in the original container protected from direct light and heat at temperatures not to exceed 25ºC /77ºF.  The product must be used within 14 days.  If not used within 14 days it should be discarded.  

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

Denosumab should be injected subcutaneously in the upper arm, the upper thigh, or the abdomen.  The single-use prefilled syringe has a green safety guard which will slide forward over the needle.  Activate the safety guard after the injection is given, if the safety guard is activated before the injection it will lock in place and prevent injection.  Do not put the grey needle cap back on the used syringe after the injection.  Dispose of the syringe and needle cap in the nearest sharps container.   
Contraindications: 
· Hypocalcemia, preexisting hypocalcemia should be corrected prior to initiating therapy with denosumab as pre-existing hypocalcemia may be exacerbated by denosumab.
Precautions:
· Patients predisposed to hypocalcemia and disturbances of mineral metabolism (hypoparathyroidism, thyroid surgery, parathyroid surgery, malabsorption syndromes, excision of small intestine, severe renal impairment, or dialysis), monitoring of calcium and mineral levels (phosphorus and magnesium) is recommended. 

· Serious skin infections, endocarditis as well as infections of the abdomen, urinary tract, and ear, were observed more frequently in patients treated with denosumab.  Patients on concomitant immunosuppressants or with impaired immune systems may be at increased risk for infection. 
· Dermatologic reactions such as dermatitis, eczema, and rashes were reported  at higher frequency in patients on denosumab than placebo and most of the reactions were not specific to the injection site. 
· Osteonecrosis of the jaw (ONJ) has been reported in patients receiving denosumab and may occur spontaneously, but is most commonly associated with tooth extraction and/or local infection with delayed healing. A routine oral exam should be administered before prescribing denosumab. 
· Suppression of bone turnover was observed in women with postmenopausal osteoporosis during clinical trials. The long term effect of suppression of bone remodeling as indicated in markers of bone turnover and bone histomorphometry due to denosumab is unknown. However, the long term consequences of suppressing bone turnover may contribute to osteonecrosis of the jaw, atypical fractures, and delayed fracture healing.
· Not recommended in pediatric patients and safety has not been established.  Denosumab may impair bone growth in children with open growth plates and may inhibit eruption of dentition.

· Maternal exposure to denosumab during pregnancy may impair mammary glad development and lactation based on animal studies in pregnant mice.  This may lead to impaired lactation postpartum.  It is not known if denosumab is excreted in human breast milk and is not recommended for breastfeeding mothers.

· Pregnancy category C (no adequate and well controlled studies in pregnant women).  Animal studies indicate possibility for fetal lymph node agenesis and postnatal impairment in dentition and bone growth.  Pregnant mice showed altered maturation of the maternal mammary glad leading to impaired lactation postpartum.  

Interactions:

No drug-drug interaction studies have been conducted with denosumab.
Adverse Events:  
The most common adverse events not mentioned in precautions previously (hypocalcemia, serious infections, dermatologic adverse reactions, and osteonecrosis of the jaw) are back pain, pain in extremity, musculoskeletal pain, hypercholesterolemia, and cystitis.  The most common events that led to the discontinued use of denosumab were breast cancer, back pain, and constipation. 

Cost Comparison (Postmenopausal Osteoporosis Treatment Doses):

Alendronate (Fosamax)

10 mg tablet once daily ($0.07 per day)

70 mg once weekly ($0.07 per day, $0.46 per weekly tablet)
Risedronate (Actonel)

5 mg tablet once daily ($3.35 per day)

35 mg once weekly ($3.35 per day, $23.46 per weekly tablet) 
Ibandronate (Boniva)

 150 mg tablet once monthly ($3.40 per day, $101.93 per monthly tablet) 

Raloxifene (Evista)


60 mg tablet once daily ($3.68 per day)

Denosumab (Prolia)
60 mg single-use prefilled syringe once every 6 months ($4.58 per day, $825 per 6 month injection) 
Monitoring:

· Hypocalcemia must be treated before starting  therapy with denosumab
· Monitoring calcium, vitamin D, mineral levels (phosphorous and magnesium), and serum creatinine baseline as clinically indicated, particularly for those predisposed to hypocalcemia and disturbances in mineral metabolism. 
· Routine oral exam before starting denosumab 

Product Identification: 

Prolia 1 ml single-use prefilled syringe: 60 mg denosumab (60 mg/ml solution), 4.7% sorbitol, 17mM acetate, 0.01% polysorbate 20, Water for injection (USP), and sodium hydroxide to a pH of 5.2.
Prolia 1 ml single-use vial: 60 mg denosumab (60 mg/ml solution), 4.7% sorbitol, 

17 mM acetate, Water for injection (USP), and sodium hydroxide to a pH of 5.2. 

Prolia appears as a clear to pale yellow solution.

Clinical Efficacy vs. Alendronate:
STAND trial:
· Multicenter, international, randomized, double-blind, double-dummy study sponsored by Amgen Inc.
· 504 postmenopausal women 55 years of age with a BMD T-score of -2.0 or less and -4.0 or more who had been receiving alendronate therapy for at least 6 months.
· Subjects received open-label branded alendronate 70mg once weekly for 1 month and then were randomly assigned to either continued weekly alendronate therapy or subcutaneous denosumab 60mg every 6 months and were followed for 12 months.
· Changes in BMD and biochemical markers of bone turnover were evaluated.

· In subjects transitioning to denosumab, total hip BMD increased by 1.90% at month 12 compared with a 1.05% increase in subjects continuing on alendronate (p<0.0001). 

· Significantly greater BMD gains with denosumab compared with alendronate also were achieved at 12 months at the lumbar spine, femoral neck, and 1/3 radius (all p<0.0125).

· Median serum C-telopeptide (CTX) levels remained near baseline in the alendronate group and were significantly decreased versus alendronate (p<0.0001) at all time points with denosumab. 

· Adverse events and serious adverse events were balanced between groups. No clinical hypocalcemic adverse events were reported. 

· Transition to denosumab produced greater increases in BMD at all measured skeletal sites and a greater reduction in bone turnover than did continued alendronate with a similar safety profile in both groups.
DECIDE trial:
· Phase 3, multicenter, double-blind study compared the efficacy and safety of denosumab with alendronate in postmenopausal women with low bone mass. 

· 1189 postmenopausal women with a T-score <= −2.0 at the lumbar spine or total hip.

· Subjects were randomized 1:1 to receive subcutaneous denosumab injections (60 mg every 6 months [Q6M]) plus oral placebo weekly (n=594) or oral alendronate weekly (70 mg) plus subcutaneous placebo injections Q6M (n=595). 

· Changes in BMD were assessed at the total hip, femoral neck, trochanter, lumbar spine, and one-third radius at 6 and 12 months and in bone turnover markers at months 1, 3, 6, 9, and 12. 

· Safety was evaluated by monitoring adverse events and laboratory values. 

· At the total hip, denosumab significantly increased BMD compared with alendronate at month 12 (3.5% versus 2.6%; p < 0.0001). Furthermore, significantly greater increases in BMD were observed with denosumab treatment at all measured skeletal sites (12 month treatment difference: 0.6%, femoral neck; 1.0%, trochanter; 1.1%, lumbar spine; 0.6%, one-third radius; p < 0.0002 all sites). 

· Denosumab treatment led to significantly greater reduction of bone turnover markers compared with alendronate therapy. 

· Adverse events and laboratory values were similar for denosumab and alendronate-treated subjects. Denosumab showed significantly larger gains in BMD and greater reduction in bone turnover markers compared with alendronate. The overall safety profile was similar for both treatments.
Conclusions: Denosumab is a human monoclonal antibody that has shown similar to greater efficacy as compared to the formulary product alendronate. Denosumab also has a benefit of improved compliance as it is only administered every 6 months and should be given in the physician’s office. Denosumab is however much more expensive on a per day scale compared to alendronate and other bisphosphonates currently on the formulary. Adverse effects were shown to be similar to bisphosphonates in clinical trials, but denosumab has had case reports of increased incidence of serious infection and skin complications while maintaining the risk of osteonecrosis of the jaw. 
Recommendation: Consider adding denosumab to the formulary for patients who cannot tolerate or are not compliant with bisphosphonate therapy.
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