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Introduction

Oral bisphosphonates require that each dose be taken at least 30 minutes prior to consumption of any food or liquid, besides water, and that the patient remain upright for at least 30 minutes after the dose.  The requirements are necessary to prevent reduction in drug bioavailability due to binding of the bisphosphonate with calcium or other divalent cations and to prevent esophageal injury.  Patients do not always follow these instructions and take their bisphosphonate with food or other liquid to minimize gastrointestinal distress or go back to bed after taking a dose.
Risedronate delayed-release (DR) tablets are to be taken immediately after breakfast, but require the patient remain upright for at least 30 minutes after each dose.
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 risedronate delayed-release tablets 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/Pharmacokinetics1,2
Risedronate DR is an enteric coated tablet containing the chelating agent, edetate disodium dihydrate (EDTA) that binds cations in the area of risedronate absorption.  The enteric coating is designed to release drug in an environment with a pH of 5.5 or higher.
The bioavailability of the DR product, when taken immediately after breakfast, was found to be 2 to 4 times that of the immediate-release (IR) 35 mg tablet taken under fasting conditions. The percent absorbed of the IR form is between 0.54% and 0.75%.  When taken with food, risedronate’s absorption from the IR and DR formulations is reduced by 54% and 30%, respectively.  When taken on an empty stomach risedronate’s absorption is increased, but there is an 8%-9% increase in adverse effects with the DR.  When taken after the evening meal, the bioavailability of the DR is increased 87% compared to when taken after breakfast.
FDA Approved Indication(s)1 

Treatment of postmenopausal osteoporosis
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).
Prevention of osteoporosis women

Prevention and treatment of osteoporosis in men

Prevention or treatment of drug-induced osteoporosis in men and women

Current VA National Formulary Alternatives (Osteoporosis)
Oral bisphosphonates:

Alendronate tablets 5 & 10 mg daily, 35 & 70 mg weekly, and 40 mg daily (Paget’s disease)
Risedronate tablets 5 mg daily, 35 mg weekly, 150 mg monthly, and 30 mg daily (Paget’s disease)

Intravenous bisphosphonates:

Zoledronic acid 5 mg annually – restricted to criteria for use.
Dosage and Administration1
Risedronate 35 mg tablets are to be taken by mouth, once a week, immediately after breakfast with at least 4 ounces of plain water.  The patient is to remain upright for 30 minutes after a dose.
Efficacy2,3 

Efficacy Measures

Outcome Measures

Bone Mineral Density (BMD): Lumbar spine (LS), total hip, 

· 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)
In addition to multiple Phase 1 dose finding and bioavailability trials, two trials have assessed efficacy outcomes.  

Summary of efficacy findings 

Phase 2
The manufacturer conducted a 13 week, randomized, double-blind, triple-dummy, multi-dose, active-control, parallel-group study in healthy postmenopausal women (2005107).  To be eligible, women had to be 45 to 80 years of age and be 2 years removed from their last menses.  Participants were randomized to one of the following risedronate treatment arms (1:1:1:2): 35 mg IR weekly >30 minutes before breakfast (IRBB), 35 mg DR weekly following breakfast DRFB), 50 mg DR weekly >30 minutes before breakfast, or 50 mg DR weekly following breakfast. All participants received 1000 mg calcium and 400 IU vitamin D daily.  The change in β-CTX from baseline at 13 weeks was the primary outcome measure.  Secondary outcome measures were changes in BSAP and NTX over 13-weeks.  This study provides the only results comparing the marketed weekly 35 mg IR tablet to the 35 mg DR formulation.  Only the results for the 35 mg formulations are included in this monograph since the 50 mg dose was not marketed
One hundred sixty-eight women completed the study out of the 181 who received study medication.  Patients who received a dose of study medication were included in the intention-to- treat analysis.  Both regimens suppressed β-CTX.  The change with DRFB was greater than with the IRBB regimen (Table 1).
Table 1 Mean percent change in β-CTX over 13-weeks by regimen

	Regimen
	N
	Mean % change
	95% CI
	Ratio vs. IRBB

95% CI

	35 mg IRBB
	34
	-43.2
	-55.8, -30.6
	

	35 mg DRFB
	35
	-62.1
	-73.6, -50.6
	1.44 (1.09, 1.96)


Both regimens produced significant changes in secondary measures but there was no difference between regimens (Table 2).
Table 2 Mean percent changes in secondary measures over 13-weeks by regimen

	Marker
	Regimen

	Mean % change
	95% CI
	Ratio vs. IRBB
95% CI

	NTX
	35 mg IRBB
	-38.6
	-56.6, -20.5
	

	
	35 mg DRFB
	-46.6
	-63.0, -30.2
	1.21 (0.75, 2.10)

	BSAP
	35 mg IRBB
	-11.0
	-19.6, -2.4
	

	
	35 mg DRFB
	-10.4
	-18.3, -2.5
	0.95 (0.32, 2.99)


The study’s findings suggest that the efficacy of the 35 mg DRFB regimen would be similar to that of marketed 35 mg IR weekly formulation.
Phase 3

The 35 mg DR weekly formulation was compared to the 5 mg IR daily product in a 52-week, multi-center, multi-national, randomized, double-blind, active-controlled, parallel-group, non-inferiority study of post menopausal women with osteoporosis. This comparison allows efficacy (of the DR product) to be established after only one year of treatment since FDA allows comparable changes in BMD for other doses and dosage forms of the drug to “bridge” to fracture efficacy.  Fracture efficacy was established with the 5 mg IR daily formulation. Thus, outcome measures have included changes in BMD and markers of bone turnover.  Women age 50 and older who were 5 or more years postmenopausal with a diagnosis of osteoporosis were eligible.  Osteoporosis was defined as a T-score at the spine or total hip < -2.5 or a T-score < -2.0 with a previous fracture.  Study participants were randomized to risedronate 35 mg DR weekly immediately following breakfast (DRFB) or at least 30 minutes before breakfast (DRBB), or to risedronate 5 mg IR daily at least 30 minutes before breakfast (IRBB).  All subjects took 9 tablets per week: daily IR active or placebo plus weekly active or placebo before and after breakfast.  All subjects received 1000 mg calcium and 400 IU vitamin D daily.  The study’s primary outcome was the least-square mean percent change from baseline in LS BMD after 52 weeks.  The non-inferiority margin was pre-defined as a difference of 1.5% in the upper limit of the 95% confidence interval between the IRBB and DR groups.  Participants, who were randomized, received at least one dose of study medication and had LS BMD data at baseline and at least one post-treatment time point (26- or 52-weeks), were included in the primary efficacy (PE) analysis.   Findings from the PE analysis did not differ from those of the intention-to-treat with last observation carried forward (LOCF).
A total of 923 women were randomized and 922 received study drug. There were no demographic differences between the three treatment groups.  Mean age was 66 years, the mean number of years post menopause was 18 years, 99.5% were Caucasian (includes 31% Hispanic) and the mean serum vitamin D concentration was 28 ng/mL.  T-scores at the LS, proximal and femur averaged -3.11 and -2.95, respectively.  Twenty-seven percent had a history of fracture.  Adherence, taking 80% of study medications, exceeded 92% in all three treatment arms.  The mean percent change in LS BMD and differences between the IRBB and DR groups are shown in Table 3.  Based on these findings, the condition of non-inferiority was met for the delayed release formulation when taken before or after breakfast.  Predetermined analysis allowed for superiority to be tested if both DR weekly regimens were found non-inferior to the IR daily.  While these conditions were met, the DR weekly regimen was not found to be superior to the IR daily.
Table 3 Percent change in lumbar spine BMD from baseline at study endpoint (52 weeks, LOCF)
	
	5 mg IRBB Daily, n=270
	35 mg DRFB Weekly

n=261
	35 mg DRBB Weekly

n=271

	Least Squares Mean (%Δ from baseline)

95% CI
	3.118*
2.710, 3.526
	3.352*

2.936, 3.767
	3.414*
3.007, 3.822

	Least Squares Mean Difference Compared to

5 mg IRBB

95% CI
	
	-0.233

-0.816, 0.349
	-0.296

-0.873, 0.281


    * Indicates a statistically significant difference from baseline determined from 95% CI unadjusted for multiple   

       comparisons.  P-values were not provided.
In addition to changes in BMD at the LS, all three regimens produced significant increases from baseline at endpoint in BMD at the proximal femur (total hip), femoral neck and trochanter.  Inter-regimen comparisons determined that only the difference between the DRBB and IRBB at femoral neck was significant.  All three regimens resulted in significant decreases in NTX, β-CTX, and BSAP concentrations.  The decreases in NTX and β-CTX were significantly greater with DR weekly regimens that with the IR daily; however, the differences are unlikely to have clinical significance.
Adverse Events (Safety Data)1-3
The information provided below is primarily from clinical trials with risedronate DR.  Risedronate DR’s product label shares much information with risedronate IR. 
Deaths and Other Serious Adverse Events 

In the Phase 3 trial, one death was reported in the IRBB daily group.  The subject was 68 years old with a history of tobacco use, COPD and hypertension that suffered a cardiac arrest, was resuscitated and remained in a coma until death.

A serious adverse event was reported by 63 participants in the Phase 3 trial and were distributed equally across the three treatment arms: IRBB 7.2%, DRFB 6.5%, and DRBB 6.8%.  Infections and infestations, injury, poisoning and procedural complications, and gastrointestinal disorders were the system organ classes with the most serious adverse events recorded.
Osteonecrosis of the jaw was not reported in any of the clinical trials.  
Common Adverse Events

The following reports common adverse events from the IRBB and DRFB treatment arms.  Reports from the DRBB group are not reported since the DR tablet is only to be taken following breakfast.

Table 4 Adverse Effects from the Phase 2 trial: IRBB 35 mg weekly vs. DRFB 35 mg weekly

	System Organ Class
	IRBB 35 mg, n=37
	DRFB 35 mg, n=36

	Overall
	73.0%
	52.8%

	Musculoskeletal and

connective tissue disorders

Back pain
	21.6%

8.1%
	25.0%

11.1%

	Gastrointestinal disorders

Abdominal pain upper

Abdominal pain

Dyspepsia

Nausea

Vomiting

Diarrhea
	32.4%

0.0%

2.7%

10.8%

8.1%

5.4%

2.7%
	22.2%

8.3%

5.6%

5.6%

5.6%

2.8%

0.0%

	Nervous system disorders

Headache
	29.7%

18.9%
	22.2%

22.2%


Gastrointestinal adverse events were experienced by 15.6% and 14.7% of participants assigned to the DRFB and IRBB groups, respectively, in the Phase 3 trial (Table 5).  Musculoskeletal adverse event were reported by 15.6% of subjects in the DRFB group and 15.0% in the IRBB group.  Complaints consistent with an acute phase reaction (flu-like symptoms and/or pyrexia) were reported by 2.3% and 1.3% of participants assigned to the DRFB and IRBB groups, respectively.

Table 5 Adverse Reactions Occurring at a Frequency of ≥2 percent in Either Treatment Group
	System Organ Class
	35 mg DRFB Weekly

N = 307, %
	5 mg IRBB Daily
N = 307, %


	Gastrointestinal disorders

Diarrhea 

Abdominal pain 

Constipation 

Vomiting 

Dyspepsia 

Nausea 

Abdominal pain upper 

Infections and infestations

Influenza 

Bronchitis 

Upper respiratory tract infection 

Musculoskeletal and connective tissue disorders

Arthralgia 

Back pain 

Pain in extremity 

Musculoskeletal pain 

Muscle spasms 

Nervous system disorders

Dizziness 

Headache 
	8.8
5.2

4.9

4.9

3.9
3.6
2.9

7.2

3.9

3.6

6.8

6.8

3.9
2.0
1.0

2.6

2.6
	4.9

2.9

2.9

1.6
3.9

3.9

2.3

6.2

4.2

2.6

7.8

5.9

2.3

1.6

2.3

3.3

4.9


Tolerability
Withdrawals from the Phase 3 trial were similar between the three treatment arms (Table 6). 
Table 6 Percent withdrawals by treatment arm (ITT analysis)

	Withdrawal
	IRBB, n=307
	DRFB, n=307
	DRBB, n=308

	All
	16.3
	17.9
	15.9

	Adverse event
	8.1
	9.1
	5.2

	Voluntary
	7.2
	8.1
	8.4


Contraindications1
· Abnormalities of the esophagus which delay esophageal emptying such as stricture or achalasia

· Inability to stand or sit upright for at least 30 minutes

· Hypocalcemia
· Known hypersensitivity to any component of this product
Warnings and Precautions1
· Risedronate delayed-release (Atelvia) and risedronate immediate-release (Actonel) contain the same active ingredient. Patients receiving should not be treated with both risedronate products concurrently.
· Severe irritation of the upper gastrointestinal (GI) mucosa can occur.

· Dosing instructions should be followed and caution should be used in patients with active upper GI disease. Discontinue use if new or worsening symptoms occur 

· Hypocalcemia may worsen and must be corrected prior to use 

· Osteonecrosis of the jaw has been reported rarely

· Severe bone, joint, or muscle pain may occur. Consider discontinuing use if severe symptoms develop
· Atypical femur fractures have been reported. Patients with new thigh or groin pain should be evaluated to rule out a femoral fracture.
Special Populations1
· Kidney impairment - risedronate is not recommended for use in patients with severe renal impairment (creatinine clearance <30 mL/min)
· Pregnancy Category C 

· It is not known whether risedronate is excreted in human milk.  The decision whether to discontinue nursing or to discontinue the drug should take into account the importance of the drug to the mother.

· Geriatric use – risedronate DR has been studied in postmenopausal women 45 years and older: 59% were 65 and over, while 13% were 75 and over. No overall differences in safety or effectiveness were observed between younger and older patients. 
· Hepatic impairment – risedronate has not been studied in patients with hepatic impairment.  Because risedronate is not metabolized, a dose adjustment is believed to be unnecessary. 
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 three data sources (Lexi-Comp, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:

LA/SA for generic name risedronate delayed-release:  risedronate immediate-release, alendronate
LA/SA for trade name Atelvia:  Actonel, Actos
Drug Interactions1
Drug-Drug Interactions

· Risedronate is not involved in any CYP450 drug interactions.
· Risedronate DR has not been studied in patients taking drugs that increase gastrointestinal pH such as H2 antagonists, proton pump inhibitors or antacids.  The product labeling states that risedronate DR should not be taken at the same time with antacids. Concomitant administration of risedronate DR and H2 blockers or PPIs is not recommended.

Drug-Lab Interactions - None
Acquisition Costs

Table 7
Acquisition costs of oral bispohsphonates 
	Drug
	Dose
	Cost/Day/patient ($)
	Cost/Year/patient ($)

	Risedronate delayed-release tab
	35 mg per week
	1.71
	624.00

	Risedronate immediate-release tab
	35 mg per week
150 mg per month
 5 mg per day
	2.06
1.95

1.99
	751.40
703.08

726.35

	Alendronate
	35 mg per week
70 mg per month
	0.05
0.06
	  16.90
  21.06


The prices shown do not reflect any additional discounts that may be available to the VA.

Conclusions

Risedronate delayed-release was determined to be non-inferior to the IR daily form of risedronate as a treatment for postmenopausal osteoporosis.  The ability to take the DR form of risedronate after breakfast provides a convenience to the patient and may reduce abdominal discomfort for patients unable to tolerate weekly IR formulations.  The patient is still required to remain upright 30 minutes after taking each dose.
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