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Introduction:
Purpose:
The purpose of this review is to discuss the Selective Estrogen Receptor Modifiers (SERMs) for possible inclusion into the National Core Formulary (NCF). The objective of this monograph is to assimilate available and current information to aid the Indian Health Service’s National Pharmacy and Therapeutics Committee’s (NPTC) in making a clinical recommendation based upon the body of available clinical evidence. 
Currently there are three SERMs that are commercially available. Of the three only one, raloxifene, carries the FDA approved indication for use in patients with osteoporosis. The others, tamoxifen and toremifene, are primarily used for breast cancer or breast cancer prophylaxis. 
Table 1. Brand and Generic Names of SERMs3 
	Brand Name
	Evista®
	Fareston®
	Soltamox®
	Nolvadex®

	Generic Name
	Raloxifene
	Toremifene
	Tamoxifen
	Tamoxifen


Osteoporosis1
Osteoporosis is a costly public health concern that affects about 55% of the population > 55 years old. All ethnic groups are at risk for osteoporosis.  However, Caucasians, Asians, and Hispanics tend to be at a higher risk. Females are also more likely than males to develop osteoporosis. In 2005 it was reported that 19 billion health care dollars were spent treating osteoporosis related fractures. In patients that suffered from osteoporosis related fractures, the wrist, spine and hips were common sites for fractures to occur due to low bone mass and structural deterioration of bones. When a fracture occurs in the hip or spine, patients may require extended hospital stays along with a lengthy rehabilitation. 
Pathophysiology 2-3
Bone maintenance is a continual process in which resorption must be balanced with the deposition of new minerals. If this balance is not maintained, then osteoporosis may develop. There are various factors that can cause the loss of bone density to predominate. Some factors that put an individual at risk are: estrogen deficiency, increased age, and/or certain medications. 

Estrogen deficiency can cause an increase in the amount of bone loss relative to the amount of new minerals deposited for bone growth.  On a molecular level, two types of cells participate in the build up and breakdown of bones. Osteoblasts are cells that form bone while osteoclasts are responsible for bone resorption. Estrogen is thought to have a direct effect on the balance of bone formation and resorption. Estrogen acts on specific proteins and receptors found on the osteoblasts and osteoclasts. Estrogen stimulates cell receptors which cause an increased amount of osteoblast activity. Estrogen also interferes with communication of osteoclast and osteoblast.

Age related factors that put individuals at risk are associated with a decrease in estrogen production after menopause. Increasing age and the associated decrease in bone density can also be attributed to an increase in bone resorption and osteocyte apoptosis. Other factors that contribute to loss of bone density and increase in fracture risk are: comorbid conditions, cognitive impairment, certain medications, deconditioning, inadequate calcium intake, and inadequate intake and absorption of vitamin D. 

Pharmacology/Pharmacokinetics:
The SERMs have both antagonist and agonist activities. The mechanism involves binding to estrogen receptors resulting in either activation (agonism) or blockage (antagonism) of the estrogen pathway. The agonist and antagonist actions depend on the ability of drug to express certain estrogen regulated genes in different tissue types. Both raloxifene and tamoxifen produces estrogen like effects on the bones (preventing bone resorption) while antagonizing mammary tissue. Another benefit to using raloxifene over tamoxifen for the treatment of osteoporosis is that raloxifene will not stimulate the endometrium. 

Table 2. Pharmacokinetic Properties of SERMs 4,5,6
	Drugs
	Absorption
	Distribution
	Metabolism 
	Excretion

	Raloxifene (Evista®)
	Oral: 60% 

Fabsolute: 2%


	Vd: 2348L/kg

Protein binding: 95%


	Glucuronide conjugation

T1/2: 27.7 hours


	Primarily through feces, < 0.2% excreted unchanged in the urine 

	Tamoxifen (Nolvadex®)
	Cpeak: 35-45ng/mL in ~5hours 
	Plasma concentration: 120ng/mL 
	CYP P-450: 3A4, 2C9, 2D6 

Inhibitor of p-glycoprotein 
	Primarily through fecal route 

	Toremifene (Fareston®)
	Well absorbed. Peak achieved ~3 hours 
	Vd: 580L 

Protein binding: 99.5% 
	CYP3A4 

T1/2:~5 days
	Primarily through fecal route

Urine: ~10% 


FDA Approved Indications:4-6
Table 3. FDA Labeled Indications of SERMs
	Label Indications
	Raloxifene (Evista®)
	Tamoxifen (Nolvadex®)
	Toremifene (Fareston®)

	Treatment and prevention of osteoporosis in postmenopausal women
	X
	
	

	Metastatic breast cancer in postmenopausal women with estrogen positive receptors 
	
	
	X

	Unknown tumors
	
	
	X

	Metastatic  breast cancer
	
	X


	

	Adjuvant treatment of breast cancer
	
	X


	

	Ductal carcinoma in situ (DCIS)
	
	X


	

	Reduction in breast cancer incidence in high risk women
	
	X
	

	Reduction in the risk of invasive breast cancer in postmenopausal women with osteoporosis 
	X
	
	

	Reduction in the risk of invasive breast cancer in postmenopausal women at high risk of invasive breast cancer 
	X
	
	


Current National Core Formulary Alternatives:7
None

Dosage and Administration: 4
Table 4. Dosing and Administration
	Drug
	Usual Dose
	Renal Dysfunction
	Hepatic Dysfunction

	Raloxifene
	60mg once daily with supplemental calcium and vitamin D if diet is inadequate
	No dosage adjustment guidelines are available
	No dosage adjustment guidelines are available, however patients with hepatic disease have higher serum concentration than patients with normal liver function.


Guidelines:

National Osteoarthritis Foundation (NOF):3
The 2009 NOF Clinician Guide to Prevention and Treatment of Osteoporosis discussed the various FDA approved medications available for the prevention or treatment of osteoporosis, including the bisphosphonates, calcium products, estrogen, PTH, calcitonin and raloxifene.  It noted a risk reduction of “vertebral fractures by about 30% in patients with a prior vertebral fracture and by about 55% in patients without a prior vertebral fracture over 3 years.”  This document also discussed the benefits seen with breast cancer prevention and the increase in risk of VTE with raloxifene use.  No specific recommendation was made in terms of product selection within this document.

National Institute for Health and Clinical Excellence (NICE):8-9
In their 2008 report on agents used for the primary prevention of osteoporotic fragility fractures in postmenopausal women, the NICE guidance focused on the bisphosphonates, raloxifene and strontium ranelate.  In its assessment of raloxifene, it focused on the results of 3 randomized clinical trials and included 2 in their meta-analysis.  The results were “RR of vertebral fracture was 0.65 (95% CI 0.53-0.79, 1 RCT, n=4551), an RR of hip fracture of 1.13 (95% CI 0.66-1.96, 2 RCTs, n=6971), an RR of wrist fracture of 0.89 (95% CI 0.68-1.15, 1 RCT, n=6828), and an RR for other non-vertebral fractures of 0.92 (95% CIU 0.79-1.07, 1 RCT, n=6828).”  The report noted the increase in risk for VTE as well as other adverse effects including hot flashes, arthraligia, dizziness, leg cramps, and influenza-like symptoms among others with the use of raloxifene.  Based upon the data given, they stated, “Evidence for raloxifene showed an effect on risk of vertebral fractures, but did not show an effect on risk of hip fractures.”  They also noted that, “From the evidence presented, raloxifene was not as effective as the bisphosphonates for treating osteoporosis” and while it has an additional benefit on breast cancer prevention, it did not fully consider this due to the focus of this topic being osteoporosis.  They noted that raloxifene has a higher acquisition cost in the UK than other products without a corresponding improvement in efficacy.   Considering the cost-effectiveness data, “the Committee did not consider raloxifene to be a cost-effective use of NHS resources for the primary prevention of osteoporotic fragility in postmenopausal women.” 

American College of Physicians (ACP) Clinical Practice Guideline:10
The 2008 ACP clinical practice guidelines discussed the role of the various agents used for the treatment of low bone density or osteoporosis.  ACP states that there is strong evidence to support raloxifene for reducing risk of vertebral fracture and that there is strong evidence that raloxifene does not reduce nonvertebral or hip fracture.  It was also noted that raloxifene has a “higher risk for pulmonary embolism, thromboembolic events and mild cardiac events (chest pain, palpitations, tachycardia and vasodilation).”  They also recommend the addition of calcium and vitamin D to osteoporosis treatment regimens as most trials included these with the treatment regimens.

2004 American College of Obstetrics and Gynecology (ACOG):11
In their 2004 clinical management guidelines for the treatment and prevention of osteoporosis, ACOG recommended, “First-line pharmacologic options determined by the FDA to be safe and effective for osteoporosis prevention (bisphosphonates [alendronate and risedronate], raloxifene, and estrogen) should be used.”  Likewise, they recommended, “First-line pharmacologic options determined by the FDA to be safe and effective for osteoporosis treatment (bisphosphosphonates [alendronate and risedronate], raloxifene, calcitonin, and parathyroid hormone (PTH)) (Level A recommendation)  It should be noted that at the time of writing, alendronate and risedronate were the only bisphosphonate products available.  ACOG makes no specific recommendation for one product over the other.
Efficacy:
The Multiple Outcomes of Raloxifene Evaluation (MORE) study was a large (180 site; 25 countries) randomized, placebo-controlled trial that looked at the effect of raloxifene on risk of vertebral and nonvertebral fractures.  Patients were randomized to receive 60mg/day, 120mg/day or to placebo with each patient receiving calcium and cholecalciferol supplementation.  Patients were followed for 3 years.  The raloxifene groups showed a significant reduction in vertebral fracture risk compared to placebo [60mg/day; RR 0.7 (95% CI 0.5-0.8); 120mg/day; RR 0.5 (95% CI 0.4-0.7)].  Of note, the nonvertebral fracture rates were not significantly different between either dose of raloxifene versus placebo (RR 0.9; 95% CI 0.8-1.1).  The BMD increased at the femoral neck (60mg, 2.1%; 120mg 2.4%) and spine (60mg, 2.6%; 120mg 2.7%) when compared to placebo.  Risk of VTE was increased versus placebo (RR 3.1; 95% CI 1.5-6.2) while vaginal bleeding and breast pain was not significantly different than placebo, while there was a significant reduction in breast cancer in patients on raloxifene (RR 0.3; 95% CI, 0.2-0.6).
 ADDIN EN.CITE 
12

The Continuing Outcomes Relevant to Evista (CORE) trial was a multcenter double-blind trial that studied the participants from the MORE trial for 4 additional years to assess the effect of raloxifene on breast cancer.  Patients who were on raloxifene (60mg or 120mg) were given 60mg/day while those from the placebo group continued with placebo. While the focus of this trial was breast cancer, the secondary endpoints were new nonvertebral fractures and BMD (lumbar spine and femoral neck) at 7 years in patients who did not take other antiresorptive agents and were > 80% compliant with the study medication.  Similar to other data, raloxifene had no effect on nonvertebral fracture risk at 8 years (HR 1.00; Bonferroni adjusted CI, 0.82-1.21), but maintained the BMD (lumbar spine, 4.3% from baseline, 2.2% from placebo; femoral neck 1.9% from baseline, 3.0% from placebo) at 7 years. 
 ADDIN EN.CITE 
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A 2002 meta-analysis by Cranney and colleagues reviewed the effects of raloxifene for the prevention and treatment of postmenopausal osteoporosis. 14  This review included 7 randomized trials of raloxifene versus placebo (3 prevention, 4 treatment) with each group receiving concomitant calcium and vitamin D and each study period was at least 1 year.  The meta-analysis looked at raloxifene’s effect on vertebral fractures, nonvertebral fractures, effect on bone density and adverse effects.  The results of this meta-analysis showed a statistically significant reduction (RR 0.60, 95% CI 0.50-0.70) in vertebral fractures, but non-significant reduction in nonvertebral fracture (RR 0.92, 95% CI 0.79-1.07).  A significant increase in bone density was identified for total body, lumbar spine, combined forearm and combined hip after 2 years of treatment.  The data for adverse effects revealed: 
Table 5 Adverse effect data reported in Cranney et al. meta-analysis. 14  
	Event
	RR
	95% CI
	P value

	Medication discontinuation
	1.15
	1.00-1.33
	0.05

	Hot Flashes
	1.46
	1.23-1.74
	>0.01

	DVT
	3.51
	1.44-8.56
	0.01

	Influenza
	1.18
	1,04-1.34
	0.01

	Leg cramps
	1.64
	0.84-3.20
	0.15

	Breast Pain
	0.97
	0.75-1.24
	0.79


A head-to-head randomized clinical trial from Recker and colleagues was conducted comparing the effects of alendronate 10mg/day and raloxifene 60mg/day.  The primary endpoint was osteoporotic fractures.  This multi-site study protocol included ambulatory postmenopausal women between ages 50-80 years with femoral neck T-scores between -2.5 and -4 (modified to -2.0 to -4.0), no prevalent vertebral fractures and no prior treatment with an antiresorptive agent.  This trial was terminated early due to the inability to recruit the required treatment naïve women to achieve statistical power.  There was insufficient power to compare the risk of fracture between the 2 treatment options. 
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Another head to head randomized clinical trial was conducted by Luckey, et al.
 ADDIN EN.CITE 
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  This 12 month multicenter trial was conducted at 52 sites within the United State to compare alendronate 70mg/week to raloxifene 60mg/day in postmenopausal osteoporosis.  The primary endpoint was the lumbar spine BMD percent change at 12 months.  A significantly greater increase in lumbar spine BMD was seen in the alendronate as compared to the raloxifene group (4.4% vs 1.9%, P <0.001) and the results were seen as early as 6 months into therapy (1.4%; 95% CI: 0.8%, 2.0%, P<0.001).  Safety data revealed similar outcomes as well as tolerability to treatment.  Of note, this study used the BMD marker for efficacy and did not assess fractures.
While not an osteoporosis specific trial, it is worth noting the outcomes from the STAR trial.  This large double-blind, 200 North American facility trial compared oral tamoxifen 20mg/day to raloxifene 60mg/day to assess the “the incidence of invasive breast cancer, uterine cancer, noninvasive breast cancer, bone fractures and thrombotic events” of these agents.  The trial resulted in a similar rate of invasive breast cancer (RR 1.02, 95% CI 0.82-1.28), a nonsignificant reduction in noninvasive breast cancer in the tamoxifen group (RR 1.40; 95% CI 0.98-2.00) and a trend toward a reduced incidence of uterine cancer in the raloxifene group (RR 0.62, 95% CI 0.35-1.08).  No differences were seen with respect to other cancers, ischemic heart disease or stroke.  Osteoporotic fractures rates were similar among the study groups.
 ADDIN EN.CITE 
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The RUTH investigators studied the effect of raloxifene on coronary events in patients with or at high risk for coronary heart disease (CHD) and invasive cancer.  This was a large, randomized, double-blind, placebo-controlled, multicenter, multicountry trial.  “There was no significant difference between the raloxifene group and the placebo group in the incidence of the primary outcome of death from coronary causes, nonfatal myocardial infarction, or hospitalization for an acute coronary syndrome (HR, 0.95; 95% CI 0.84-1.07).”  There was also a reduction in the incidence of invasive breast cancer (HR, 0.56; 95% CI 0.38-0.83).  An increased risk of fatal stroke (HR, 1.49; 95% CI, 1.00-2.24) and venous thromboembolism (HR, 1.49; 95% CI1.06-1.95) was also identified in the RUTH trial. 18
Adverse Events:4
The most serious adverse reaction related to raloxifene was VTE (deep venous thrombosis, pulmonary embolism, and retinal vein thrombosis).

Adverse reactions (>2% and more common than with placebo) include: 
· hot flashes

· leg cramps

· peripheral edema

· flu syndrome

· arthralgia

· sweating

Precautions/Contraindications:4 
Precautions: Raloxifene has been recommended to be used with caution in patients with the following: 

· Venous Thromboembolism: Increased risk of deep vein thrombosis, pulmonary embolism, and retinal vein thrombosis. Discontinue use 72 hours prior to and during prolonged immobilization. 

· Death Due to Stroke: Increased risk of death due to stroke occurred in atrial of postmenopausal women with documented coronary heart disease or at increased risk for major coronary events. No increased risk of stroke was seen in this trial. Consider risk-benefit balance in women at risk for stroke. 

· Cardiovascular Disease: Raloxifene should not be used for the primary or secondary prevention of cardiovascular disease. 

· Premenopausal Women: Use is not recommended. 

· Hepatic Impairment: Use with caution. 

· Concomitant Use with Systemic Estrogens: Not recommended.

· Hypertriglyceridemia: If previous treatment with estrogen resulted in hypertriglyceridemia, monitor serum triglycerides. 

· Renal Impairment: Raloxifene should be used with caution in patients with moderate or severe renal impairment. Safety and efficacy have not been established in patients with moderate or severe renal impairment. 
· History of Breast Cancer: Raloxifene has not been adequately studied in women with a prior history of breast cancer.
· Use in Men: There is no indication for the use of raloxifene in men. Raloxifene has not been adequately studied in men and its use is not recommended.
· Unexplained Uterine Bleeding: Any unexplained uterine bleeding should be investigated as clinically indicated. Raloxifene-treated and placebo-treated groups had similar incidences of endometrial proliferation.
· Breast Abnormalities: Any unexplained breast abnormality occurring during raloxifene therapy should be investigated. Raloxifene does not eliminate the risk of breast cancer.
Contraindications: Raloxifene is currently contraindicated for use in the following patients:

· Active or past history of venous thromboembolism, including deep vein thrombosis, pulmonary embolism, and retinal vein thrombosis. 

· Pregnancy, women who may become pregnant and nursing mothers.
Look-alike/Sound-alike Error Risk Potential:19
There is risk for a potential error in the brand name for raloxifene, Evista®, and one of the brand names for morphine Avinza™. 

Drug Interactions:4
· Cholestyramine: Use with raloxifene is not recommended. Reduces the absorption and

enterohepatic cycling of raloxifene. 

· Warfarin: Monitor prothrombin time when starting or stopping raloxifene.

· Highly Protein-Bound Drugs: Use with raloxifene with caution. Highly protein-bound drugs include diazepam, diazoxide, and lidocaine. Raloxifene is more than 95% bound to plasma proteins. 

· Systemic Estrogens: The safety of concomitant use of raloxifene with systemic estrogens has not been established and its use is not recommended.

· Lipid Lowering Agents: The concomitant use of raloxifene and lipid-lowering agents has not been studied.

· Cyclosporine — Concomitant administration of raloxifene with cyclosporine has not been studied.
· Other Concomitant Medications: Raloxifene can be concomitantly administered with ampicillin, amoxicillin, antacids, corticosteroids, and digoxin. 

Conclusions:
Based upon the data derived from this review, the following conclusions can be made:
· Evidence exists to support raloxifene’s benefit in reducing risk of vertebral fracture
· Evidence exists that shows raloxifene does not reduce the risk of nonvertebral or hip fracture risk when compared to placebo

· Evidence exists showing the improvement in lumbar spine and femoral neck BMD and that the effect is maintained up to 7 years

· Evidence exists showing a greater increase in lumbar spine BMD with alendronate 70mg/week versus raloxifene 60mg/day

· Rates of VTE are higher in patients treated with raloxifene compared to placebo

· No significant difference were seen with respect to breast cancer reduction when comparing raloxifene to tamoxifen
· No significant difference was seen with respect to coronary events when  comparing raloxifene to placebo
Recommendations:
While there is clinical merit to the use and potential benefits of raloxifene in the prevention and treatment of osteoporosis, it would be recommended to not add raloxifene to the IHS NCF as the clinical data shows other products that may provide greater benefit in the prevention and treatment of osteoporosis.
Abbreviations:
BMD-Bone Mineral Density

SERM- Selective Estrogen Receptor Modifier

MORE-Multiple Outcomes of Raloxifene Evaluation
CORE-Continuing Outcomes of Raloxifene Evaluation
ACOG-American College of Obstetrics and Gynecology

NOF-National Osteoporosis Foundation

PTH-Parathyroid hormone

Level A Recommendation-ACOG recommendation based on good and consistent scientific evidence

NICE-National Institute for Health and Clinical Excellence
NOF-National Osteoporosis Foundation

VTE-venous thromboembolism
RCT-randomized clinical trial
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