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Executive Summary:  

Methylnaltrexone bromide, a peripherally acting μ-opioid receptor antagonist, does not cross the blood-brain barrier, and thus has actions limited to peripheral tissues.  The peripheral actions allow the quaternary amine to decrease peripheral opioid constipation side effects without reducing centrally acting opioid analgesic effects.

Methylnaltrexone bromide is indicated for the treatment of opioid-induced constipation in patients with advanced illness who are receiving palliative care, when response to laxative therapy has not been sufficient.  Use of methylnaltrexone bromide beyond four months has not been studied.¹  
The FDA approved indication for methylnaltrexone is for short term use in patients who are terminally ill, therefore it is important to note the risk-benefit safety evaluation was based upon this specific indication.³

Patients included in the methylnaltrexone trials continued baseline laxative regimens in addition to methylnaltrexone or placebo throughout the trials.4 Methylnaltrexone showed a relatively large effect size (NNTs of 2–3) despite background use of laxatives.
Methylnaltrexone is contraindicated in patients with known or suspected mechanical gastrointestinal obstruction.  Furthermore, if severe or persistent diarrhea occurs during treatment, methylnaltrexone should be discontinued and the patient should be evaluated by a physician.

The most frequent side effects include abdominal pain, flatulence, nausea, and diarrhea.4 
Addition of methylnaltrexone to current laxative regimens for the treatment of opioid-induced constipation in patients with advanced illness, who are receiving palliative care, when response to first-line laxative therapy has not been sufficient, has an acceptable risk-benefit profile for short-term use.
Conclusions

Methylnaltrexone is the first of two peripheral mu-opioid antagonists to be approved by the FDA and is the only agent approved for treatment of OIC, specifically in patients with advanced illness who are receiving palliative care when response to laxative therapy has not been sufficient. Unlike conventional laxative treatments, methylnaltrexone addresses the mechanism of OIC and has been shown to relieve OIC without interfering with opioid analgesia. Its safety profile mainly consists of gastrointestinal adverse events that are likely due to effects on the obstipated colon and are similar to those that would be seen in gastrointestinal opioid “withdrawal.” The relative risks and benefits of methylnaltrexone are acceptable for short-term use as a second-line therapy in the intended patient population. The clinical trials were not designed to compare addition of subcutaneous methylnaltrexone to laxative regimens with maximization of the baseline laxative regimens. It is unclear whether Study 301 patients were on optimized laxative regimens. Study 302 patients were not necessarily on maximal laxative regimens at baseline. 
Its safety and efficacy remain to be determined in preventing or treating OIC in non-palliative care patients on chronic opioid therapy, such as patients with cancer pain or chronic noncancer pain and patients on medication substitution therapy for opioid dependence. Its efficacy has not been determined in patients not receiving standard laxative therapy. Although it may allow better tolerability of an effective opioid or opioid dose that would have otherwise not been continued because of constipation, this potential benefit was not evaluated in clinical trials.

Recommendations

Criteria for use should include use of methylnaltrexone as adjunctive therapy in patients receiving palliative care who suffer from opioid-induced bowel dysfunction despite alternative laxation treatments. Laxative regimens should continue if methylnaltrexone treatment is started.

Use of methylnaltrexone for OIC in patients receiving palliative care should be limited to 4 months unless there is documentation of patient benefits, acceptable risks, AND need for continuing therapy beyond 4 months. 
Use in non-palliative care patients who develop OIC despite usual laxation treatments should be decided on a case-by-case basis after considering that there is a lack of evidence to support such treatment. There is no evidence to support the use of methylnaltrexone for prevention of OIC or impaction.

Methylnaltrexone doses should be based on actual body weight and renal function as recommended in product information. It should be administered by subcutaneous injection as needed every other day with a maximum of one dose per 24 hours. 

If patients develop severe or persistent diarrhea after receiving methylnaltrexone, providers should monitor those patients closely for dehydration. Methylnaltrexone must not be started in any patients with known or suspected mechanical gastrointestinal obstruction.



Introduction

Conventional treatments for managing opioid-induced constipation (OIC) such as oral or rectal laxatives often are not effective as they do not address the mechanism of opioid-induced constipation. Other approaches to managing OIC, such as reducing opioid doses, changing routes of opioid administration, or switching opioid regimens may entail additional clinic visits or pose additional risks associated with imprecise dosage conversions. Methylnaltrexone bromide is currently the only peripherally-selective mu-opioid receptor antagonist FDA approved for the treatment of OIC in patients with advanced illness who are receiving palliative care, when response to laxative therapy has not been sufficient. 
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 methylnaltrexone bromide for consideration for addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.

Pharmacology/Pharmacokinetics 1,3,4
Mechanism of Action:  Methylnaltrexone bromide is a selective antagonist of opioid binding at the mu-opioid receptor.  As a quaternary amine, the ability of methylnaltrexone bromide to cross the blood-brain barrier is restricted.  This allows methylnaltrexone bromide to function as a peripherally-acting mu-opioid receptor antagonist in tissues such as the gastrointestinal tract, thereby decreasing the constipating effects of opioids without impacting opioid-mediated analgesic effects on the central nervous system. Intravenous methylnaltrexone has been shown to prevent morphine-induced delay in gastrointestinal motility and transit time without reducing analgesia.12
Absorption:  Following subcutaneous administration, methylnaltrexone bromide is absorbed rapidly, with peak concentrations achieved at approximately 0.5 hours.
AUC:  Area under the plasma concentration-time curve, increase in a dose-proportional manner.
	Pharmacokinetic Parameters of Methylnaltrexone bromide Following 

Single Subcutaneous Doses

	Parameter
	0.15 mg/kg
	0.30 mg/kg
	0.50 mg/kg

	Cmax (ng/ml)a 
	117 (32.7)
	239 (62.2)
	392 (147.9)

	tmax (hr)b
	0.5 (0.25-0.75)
	0.5 (0.25-0.75)
	0.5 (0.25-0.75)

	AUC24 (ng . hr/ml) a 
	175 (36.6)
	362 (63.8)
	582 (111.2)


a Expressed as mean (SD); b Expressed as median (range)
Distribution:  Methylnaltrexone bromide undergoes moderate tissue distribution.  The steady-state volume of distribution is approximately 1.1L/kg.

Protein Binding:  The fraction of methylnaltrexone bromide bound to human plasma proteins is 11 – 15.3%.
Metabolism:  Conversion to methyl-6-naltrexol isomers (5% of total) and methylnaltrexone sulfate (1.3% of total) appear to be the primary pathways of metabolism.  N-demethylation of methylnaltrexone to produce naltrexone is not significant.
Excretion:  Methylnaltrexone is eliminated primarily as unchanged drug (85% of administered.)  Approximately half of the dose is excreted in the urine and somewhat less in the feces. Clearance per mg/kg body weight was shown to be weight-related in 137 healthy volunteers. AUC per 1 mg/kg increased as body weight increased, suggesting that increases in body weight are associated with decreases in methylnaltrexone clearance per mg/kg body weight. These findings were the basis for the weight-based dosing recommendations for methylnaltrexone.
Half-Life:  The terminal half-life is approximately 8 hours.
Effects on Cardiac Repolarization:  In a randomized, double blind placebo- and open-label moxifloxacin-controlled 4-period cross-over study, 56 healthy subjects were administered methylnaltrexone bromide 0.3mg/kg and methylnaltrexone bromide 0.64 mg/kg by IV infusion over 20 minutes, placebo, and a single oral dose of moxifloxacin.  At both the 0.3 mg/kg and 0.64 mg/kg methylnaltrexone bromide doses, no significant effect on the QTc interval was detected. The 0.64 mg/kg intravenous dose produces a Cmax that is 9 times higher than that for a therapeutic 0.15 mg/kg subcutaneous dose. 
Effects of Renal Impairment:  Total exposure (AUC) to methylnaltrexone increases as a function of renal impairment. Severe renal impairment (CrCl < 30 ml/min) resulted in an almost 2-fold (89%) increase in total methylnaltrexone exposure (AUC) without a significant change in Cmax. The manufacturer does not recommend dosage changes for mild or moderate renal impairment because of both the lack of a dose-response effect and the safety of methylnaltrexone in clinical trials. The effects of end-stage renal impairment requiring dialysis have not been studied.
Effects of Hepatic Impairment:  Mild or moderate hepatic impairment (Child-Pugh Class A and B) had no meaningful effect on methylnaltrexone AUC or Cmax. The effects of severe hepatic impairment on methylnaltrexone pharmacokinetics have not been studied.
FDA Approved Indication(s) and Off-label Uses

Methylnaltrexone bromide is FDA approved for the treatment of OIC in patients with advanced illness who are receiving palliative care, when response to laxative therapy has not been sufficient.  Use of methylnaltrexone beyond 4 months has not been studied.
Methylnaltrexone is also being evaluated in an intravenous formulation (for post-op ileus) and in an oral formulation (for OIC) and has been considered for the following Off-Label Uses:

Preliminary Evidence of Inefficacy
· Treatment of postoperative ileus (preliminary results for the primary efficacy variable of two completed Phase III trials failed to show benefit of methylnaltrexone for postoperative ileus).7 

Insufficient or No Evidence

· Opioid-induced constipation in intensive care patients (commentary; no published trials)8 
· Reversal of opioid-induced bowel dysfunction and facilitation of feeding in critically ill burn patient (intravenous methylnaltrexone; case report)20
· Refractory opioid-induced constipation in patient with incomplete paraplegia (route of administration not reported; case report in German with English abstract)17
· Chronic methadone-induced constipation (RCT involving 22 patients on methadone maintenance therapy; 11 / 11 on intravenous methylnaltrexone vs. 0 / 11 on placebo obtained a laxation response; p < 0.001; no patients experienced opioid withdrawal or adverse effects)19 
· Reversal of opioid-induced bladder dysfunction (double-blind placebo-controlled study with 13 healthy male volunteers; urinary retention was caused in all by infusion of remifentanil; voiding was possible in 7/7 in the methylnaltrexone group compared to 0/6 in the placebo group.5

· Decreasing unpleasant subjective effects of morphine (subcutaneous methylnaltrexone—N = 6, double-blind, placebo-controlled RCT22; oral methylnaltrexone—double-blind, placebo-controlled RCT, normal volunteers21)
Current VA National Formulary Alternatives

Stimulant laxatives are first-line agents for OIC. A prophylactic laxative regimen that includes a stimulant laxative should be initiated with long-term opioid pain management treatments.  
Laxatives that have been evaluated in palliative care patients24,25 and that are available on the VA National Formulary include stimulant laxatives such as bisacodyl (oral, rectal suppository) and sennosides (oral), stool softeners such as docusate (oral capsule, oral solution, and rectal enema), and osmotic agents such as lactulose (oral). Other laxatives on VANF are polyethylene glycol (PEG) 3350 oral powder (i.e., MiraLAX®—17 g PEG 3350),26 glycerin rectal suppositories, magnesium citrate (oral solution), and bulk laxatives such as psyllium. Bulk laxatives are not recommended in palliative care patients because inadequate hydration increases the risk of fecal impaction and bowel obstruction. Laxative mechanisms of action include water absorption, peristalsis stimulation, secretion of water and electrolytes into the intestine, and softening or swelling of fecal matter. Laxative mechanisms of action do not directly target the cause of OIC and are often ineffective. There is insufficient evidence from clinical trials to guide selection of laxatives in palliative care.25
Low-dose naloxone has been considered to reverse OIC.  However, it was found that peripherally and centrally acting mu-opioid antagonists can unpredictably cause withdrawal symptoms as well as reverse analgesia and OIC.10,11
The only other FDA approved peripherally-selective mu-opioid receptor antagonist is alvimopan 12-mg capsules (Entereg®) which is indicated to accelerate the time to upper and lower gastrointestinal recovery following partial large or small bowel resection surgery with primary anastomosis.  Alvimopan (12-mg capsules) is non-formulary and is available only for short-term use (15 doses) in hospitalized patients.  Only hospitals registered with E.A.S.E. (Entereg Access Support and Education) program may use alvimopan.  Alvimopan (12-mg capsules) is contraindicated in patients who have taken therapeutic doses of opioids for more than seven consecutive days immediately prior to taking alvimopan.13 For this reason, alvimopan 12-mg capsules are not an acceptable off-label alternative to methylnaltrexone for opioid-induced bowel dysfunction.
Dosage and Administration1 
FOR SUBCUTANEOUS INJECTION ONLY.

Doses should be given subcutaneously every other day as needed based on actual body weight as follows:

· 0.15 mg/kg for patients weighing less than 38 kg and more than 114 kg; 
· 8 mg for patients weighing 38 to less than 62 kg, and
· 12 mg for patients weighing 62–114 kg. 
The maximum dose as described in the U.S. product information is one dose in 24 hours. 

According to the European Medicines (Evaluation) Agency (EMEA) Assessment Report for Relistor,27 the maximum recommended dose is two consecutive doses 24 hours apart, but this dosing should be used only in exceptional circumstances (i.e., only when the patient had no laxation to the preceding day’s dose). Thereafter, the dosing frequency should be every 48 hours. Daily use should be discouraged.
Subcutaneous injection volume is calculated by multiplying the kilogram weight by 0.0075 and rounding up to the nearest 0.1 ml for the 0.15 mg/kg doses; the injection volume for the 8 mg dose is 0.4 ml; and, the injection volume for the 12mg dose is 0.6 ml.  
Injection site:  All doses are given subcutaneously and should be injected in the upper arm, abdomen or thigh.  
Severe Renal Impairment (Creatinine clearance less than 30 ml/min):  a dose reduction of 50% is recommended. No dosage reduction is needed for mild or moderate renal impairment. The pharmacokinetics of methylnaltrexone were not studied in patients with end stage renal failure on hemodialysis.
Hepatic Impairment:  No dosage reduction is recommended for mild or moderate hepatic impairment. The effects of severe hepatic impairment on the pharmacokinetics of methylnaltrexone have not been studied.
Preparation of the injection:  Methylnaltrexone bromide for injection is a sterile, clear, and colorless to yellow aqueous solution.  The vial should not be used if there is particulate matter or discoloration.  Once the medication is drawn into the syringe, if immediate administration is not possible, then store at ambient room temperature and administer within 24 hours.

Dosage Forms and Strengths:  12mg/0.6ml solution for subcutaneous injection in single-use vial. Also available in kits of 7 trays with each tray containing one 12 mg per 0.6 mL single-use vial, one 1-ml syringe with retractable (27-gauge x ½-inch) needle (VanishPoint®), and two alcohol swabs.
Efficacy 
Efficacy results were obtained from two placebo-controlled Phase 3 trials (Studies 301 and 302)16,18 in palliative-care patients who had OIC and were poorly responsive to laxatives, and one Phase 2 dose-escalation trial (Study 251) without placebo control.23 Each of these trials was followed by an open-label methylnaltrexone treatment extension (Studies 301EXT and 302EXT) with follow-up ranging from 3 weeks to 4 months. 

The efficacy analysis was based on data from a total of 321 patients. Standard laxative care was continued and rescue laxatives were allowed during study treatment. Doses were based on actual body weight.

For further details on the efficacy results of the clinical trials, refer to Appendix:  Clinical Trials (page 5).
Efficacy Measures4
The primary efficacy endpoint in phase 2 and phase 3 studies was laxation within four hours of treatment with a single dose of methylnaltrexone 0.15mg/kg or 0.30mg/kg compared with placebo. 
The studies measured constipation relief and did not assess constipation-related complications such as vomiting, bowel impaction, intestinal obstruction, bowel perforation, or prolonged hospitalization.
Summary of efficacy findings4 
Effect Size

Despite the limitations of relatively small and short-duration trials, differences between methylnaltrexone and placebo were relatively large, being both statistically significant and clinically important. 
Results from the double-blind phase of Study 301 showed that significantly more patients treated with methylnaltrexone had rescue-free laxation (i.e., no rescue laxatives were given prior to laxation) within four hours than patients who received placebo (Table 1).
Table 1
Laxation Responder Rates (Study 301, Double-blind Phase, mITT Analysis)

	Measure
	Placebo

(N = 52)
	MNTX

0.15 mg/kg

(N = 47)
	MNTX

0.30 mg/kg

(N = 66)

	Rescue-free laxation within 4 h, n (%)
	7 (13.5)
	29 (61.7)
	32 (58.2)

	95% CI (%)
	4.2–22.7
	47.8–75.6
	45.1–71.2

	P-value
	—
	<0.0001
	<0.0001

	NNTcalc (95% CI)
	—
	2 (2–3)
	2 (2–4)

	
	
	
	

	Laxation with or without rescue within 4 h, n (%)
	7 (13.5)
	30 (63.8)
	32 (58.2)

	95% CI (%)
	4.2–22.7
	50.1–77.6
	45.1–71.2

	P-value
	—
	<0.0001
	<0.0001

	NNTcalc (95% CI)
	—
	2 (2–3)
	2 (2–4)


P-values less than 0.0249 were considered statistically significant
MNTX, Methylnaltrexone; mITT, Modified Intent-to-Treat; NNTcalc, Calculated number needed to treat
Responder rates for rescue-free laxation within 24 hours in Study 301 were 27% for placebo, 68% for methylnaltrexone 0.15 mg/kg, and 64% for 0.30 mg/kg (p ≤ 0.0001 for both methylnaltrexone groups). The rates were similar for overall responder rates for laxation within 24 hours regardless of rescue medication.

The average patient laxation response rate for Study 301 (double-blind and open-label phases) and Study 301EXT ranged from 55.8% to 63.7% for the study intervals (0–2, >2–4, >4–8, and >8 weeks). (The patient laxation response rate was calculated for each patient as the number of laxation responses divided by the number of doses given within the study interval and multiplied by 100.) 

Similar responder rates were maintained in the 1-month open-label phase (Study 301) that evaluated as-needed methylnaltrexone (maximum one dose every 24 hours, starting at 0.15 mg/kg and adjusting to 0.075 or 0.30 mg/kg based on efficacy and adverse events). Overall, responder rates for rescue-free laxation after the first p.r.n. dose were 56% within 4 hours and 68% within 24 hours.

Study 302 showed the efficacy of methylnaltrexone 0.15 mg/kg s.c. as a single dose (Dose 1) in inducing laxation within 4 hours. It also showed the efficacy of methylnaltrexone 0.15–0.30 mg/kg s.c. every other day for 2 weeks (Doses 2–7) in relieving OIC (i.e., laxation response within 4 hours after at least two of the first four doses) (Table 2). 

Table 2
Laxation Responder Rates (Study 302, mITT analysis)
	Measure
	Placebo

(N = 71)
	MNTX

0.15 mg/kg

(N = 62)

	Rescue-free laxation within 4 h (Dose 1), n (%)
	11 (15.5)
	30 (48.4)

	95% CI (%)
	7.1–23.0
	35.0–60.8

	P-value
	—
	< 0.0001

	NNTcalc (95% CI)
	—
	3 (2–6)

	
	
	

	Laxation within 4 h after 2 of first 4 doses, n (%)
	6 (8.5)
	32 (51.6)

	95% CI (%)
	2.0–14.9
	39.2–64.1

	P-value
	—
	<0.0001

	NNTcalc (95% CI)
	—
	2 (2–3)


MNTX, Methylnaltrexone; mITT, Modified Intent-to-Treat
Cumulative response rates among Study 302 patients who received all of the first three doses showed that more patients on methylnaltrexone than placebo had a laxation response to at least one dose (75% vs. 29%; p < 0.0001).

The FDA’s pooled analyses of data from the double-blind phases of Studies 301 and 302 showed 4-hour laxation responder rates of 14.6% (18/123) for placebo, 54.1% (59/109) for methylnaltrexone 0.15 mg/kg, and 58.2% (32/55) for 0.30 mg/kg. For the 0.15 mg/kg dose (which corresponds with the FDA-approved doses), the calculated NNTB is 2.5 (95% CI:  2.0–3.6).

Onset of Laxation

Kaplan-Meier plots of time to first rescue-free laxation within 4 hours in Study 301 showed that responder rates for methylnaltrexone 0.15 mg/kg and 0.30 mg/kg at 2 hours (60% and 58%, respectively) were similar to those at 4 hours (61.7% and 58.2%, respectively). Therefore, most of the responders had achieved rescue-free laxation within 2 hours.

In Study 302, Kaplan-Meier plots of time to first rescue-free laxation within 4 hours of Dose 1 showed that responder rates at 2 (42%) and 4 hours (48.4%) were similar on active drug. Therefore, these results were consistent with those of Study 301; most of the responders on active drug had achieved rescue-free laxation within 2 hours.

Optimal Dose

No dose-response effect was observed in Study 301 efficacy analyses. (However, in safety analyses, the incidences of abdominal pain, flatulence, nausea, and dizziness seemed to show dose-related effects.) The optimal dose of methylnaltrexone was 0.15 mg/kg. 

In the dose-ranging study (Study 251), a significant difference was shown among all treatment groups on only day 5 of double-blind therapy for the primary efficacy variable; results for days 1 and 3 showed no significant differences. The day 5, 4-hour laxation responder rates were 0/7 (0%) for 1 mg, 4/5 (80%) for 5 mg, 4/7 (57%) for 12.5 mg, and 3/4 (75%) for 20 mg (p = 00193). Overall, these results suggest a lack of a dose-response effect.
Durability and Extent of Exposure 
In Study 301, the percentage of patients with laxation response to the first open-label dose of methylnaltrexone 0.15 mg/kg was similar to the responder rate for patients who received methylnaltrexone as their double-blind dose. 

In the open-label extension to Study 302 (Study 302EXT), the response rates among patients who continued on methylnaltrexone from double-blind Study 302 ranged from 45.5% to 57.7% during extension months 1 to 3 as compared with 45.3% in the double-blind study. The response rates among patients who were switched from placebo to methylnaltrexone were similar (48.3% to 52.1%) in extension months 1 to 3 to the overall response rate (45.3%) seen in the double-blind Study 302. These rates suggested durability of effect for 3 months.
The longest duration of exposure to methylnaltrexone was 4 months (Study 301/301EXT). However, only 9 of 27 patients (33%) completed the 4-month study. The duration of open-label treatment (given every other day as needed, maximum one dose per 24 hours) was 3 months in Study 302EXT and 3 weeks in Study 251.

In FDA pooled analyses of double-blind and open-label studies, 286 patients received at least one dose of methylnaltrexone, almost 50% received seven or more doses, and 34% received 10 or more doses (median, 7 doses). Three patients received 60 or more doses. The median dosing interval in pooled data was 2.6 days.
Adequate Trial of Methylnaltrexone

In manufacturer post hoc analyses of Study 302 data, 57% to 100% of patients who responded to all prior doses of methylnaltrexone responded to the next dose.4 For doses 4–6 and for dose 7, only 7% to 9% and 0%, respectively, of patients who did not respond to all previous doses responded to the next dose. According to the manufacturer, these post hoc results suggested that patients who do not have a laxation response after the first three consecutive doses are unlikely to benefit from continued therapy. 
Effects on Pain Intensity and Opioid Withdrawal

There were no meaningful changes in measures of pain intensity or opioid withdrawal symptoms in either Study 301 or Study 302.
Direct and Indirect Comparisons of Opioid Antagonists
The literature search found no head-to-head trials. A 2008 Cochrane systematic review of opioid antagonists included heterogeneous studies of naloxone and only early trials of either methylnaltrexone or alvimopan in different study populations (healthy volunteers, constipation, OIC, postoperative ileus).2 The major clinical trials for these agents were not available at the time of the review. There was insufficient evidence to make indirect comparisons between opioid antagonists for either safety or efficacy. 
Adverse Events (Safety Data)4 
Safety data was based on 286 patients and 144 healthy volunteers who received at least one dose of subcutaneous methylnaltrexone. 
Common Adverse Events
Common adverse events occurring in 5% or more patients in either active or placebo treatment group are shown in Table 3.
Table 3
Common Methylnaltrexone Adverse Events*
	COMMON ADVERSE EVENTS

	Adverse Event
	Methylnaltrexone

n=165
	Placebo

n=123

	Abdominal Pain 
	47 (28.5%)
	12 (9.8%)

	Flatulence
	22 (13.3%)
	7 (5.7%)

	Nausea 
	19 (11.5%)
	6 (4.9%)

	Dizziness
	12 (7.3%)
	3 (2.4%)

	Diarrhea
	9 (5.5%)
	3 (2.4%)


* Patients had advanced primary diagnosis of incurable cancer, end-stage COPD/emphysema, cardiovascular disease/heart failure, Alzheimer’s disease/dementia, HIV/AIDS, or other advanced illness.  Patients were receiving opioid therapy (median daily baseline oral morphine equivalent dose = 172mg) and had opioid-induced constipation (either < 3 bowel movements in the preceding week or no bowel movement for 2 days.)  Bothe the methylnaltrexone and the placebo patients were on a stable laxative regimen for at least three days prior to study entry and continued on their regimen throughout the study. 
The authors of a Cochrane systematic review noted that, in contrast to the expectation that active treatment would increase the risk of adverse events (particularly gastrointestinal effects), the majority of studies with opioid antagonists showed a decrease in the incidence and severity of nausea and incidence of constipation, postoperative ileus, and vomiting.2 They suggested that these outcomes were actually measures of efficacy rather than safety. On the other hand, diarrhea and abdominal cramping were increased by opioid antagonists.
Deaths and Other Serious Adverse Events3 
Of the 140 methylnaltrexone treated patients who died during submitted phase 2 and phase 3 studies, the reported cause of death was the underlying disease or a complication relating to the underlying disease, except in one case.  The one reported death considered to be probably related to methylnaltrexone therapy was due to diarrhea with subsequent dehydration and cardiovascular collapse. Treatment was limited to comfort measures. The patient had received multiple doses of methylnaltrexone. The patient’s underlying breast cancer may have played a confounding role.3 No healthy volunteer or other subject in a phase 1 study died.
In FDA pooled analyses of double-blind phases of clinical trials, nonfatal serious adverse events (SAEs) were less common in the methylnaltrexone group (2/165, 1.2%) than in the placebo group (11/123, 8.9%; p = 0.004). Of the 286 exposed to methylnaltrexone during clinical trials, 57 (19.9%) reported at least one nonfatal SAE most commonly nausea, vomiting, and chest pain (each occurring in 4 patients, 1.4%). Cardiac disorders occurred in 2 placebo patients (1.6%) versus no methylnaltrexone patients in double-blind phases and 2 patients (0.7%) in open-label methylnaltrexone phases. The nonfatal SAEs usually involved the gastrointestinal system (2.4% of 123 placebo patients and 0% of 165 methylnaltrexone patients in double-blind phases; 4.9% of 286 open-label methylnaltrexone patients). According to the FDA medical reviewer, the gastrointestinal adverse events were likely related to drug effects on the obstipated colon. 

In planned Kaplan-Meier analyses on all causes of mortality, there was no meaningful difference in survival between patients who received methylnaltrexone throughout the double-blind and open-label phases and patients who first received double-blind placebo then open-label methylnaltrexone. 
The median survival was 43 days on placebo  and 70 days on methylnaltrexone.
Tolerability

In FDA pooled analyses, the incidence of adverse events leading to discontinuation was 4.1% (5/123) on double-blind placebo, 3.0% (5/165) on double-blind methylnaltrexone, and 8.0% (23/286) on open-label methylnaltrexone. Gastrointestinal disorders was the most common reason for discontinuation (1.6% on double-blind placebo; 1.8% on double-blind methylnaltrexone; 2.4% on open-label methylnaltrexone). 
Pain Control and Opioid Withdrawal Symptoms 
In clinical trials, methylnaltrexone showed no effect on pain intensity and no or minimal effects on measures of opioid withdrawal scores.

For further details on the safety results of the clinical trials, refer to Appendix:  Clinical Trials (page 9).
Precautions/Contraindications
Precautions

If severe or persistent diarrhea occurs during treatment then advise patients to discontinue therapy and consult their physician.
Contraindications

Methylnaltrexone bromide is contraindicated in patients with known or suspected mechanical gastrointestinal obstruction.
Cardiac Repolarization
Animal studies showed that methylnaltrexone was associated with dose-related prolongation of QTc intervals.3 In a double-blind placebo-controlled and open-label moxifloxacin-controlled randomized crossover trial involving 56 healthy subjects (the “Thorough QT Study”), methylnaltrexone 0.3 mg/kg and 0.65 mg/kg intravenously over 20 minutes showed no significant effect on QTc intervals.3 Effects on cardiac repolarization are not listed as a contraindication, warning, or adverse effect in the product information for methylnaltrexone.
Look-alike / Sound-alike (LA / SA) Error Risk Potential

The VA PBM and Center for Medication Safety is conducting a pilot program which queries a multi-attribute drug product search engine for similar sounding and appearing drug names based on orthographic and phonologic similarities, as well as similarities in dosage form, strength and route of administration. Based on similarity scores as well as clinical judgment, the following drug names may be potential sources of drug name confusion:

Table 4
Potential Look Alike/Sound Alike Errors with Methylnaltrexone 
	DRUG NAME
	LA/SA DRUG NAME

	Methylnaltrexone (Generic Name)

12 mg/0.6ml Injection
	Methotrexate*

25mg/ml Injection

	
	Naltrexone

Intramuscular Powder for Injection

	Relistor™ (Brand Name)

12mg/0.6ml Injection
	Rescriptor™
100mg tablet; 200mg tablet

	
	Retrovir™
10mg/ml Intravenous Solution


*Identified as a High Alert Medication per ISMP (i.e., special precautions must be taken in the receipt, storage, distribution and administration of these drugs)
Drug Interactions4 
In in vitro drug metabolism studies, methylnaltrexone bromide did not significantly inhibit the activity of cytochrome P450 (CYP) isozymes CYP1A2, CYP2A6, CYP2C9, CYP2C19 or CYP3A4.  It was a weak inhibitor of CYP2D6.
In a clinical drug interaction study in healthy adult male subjects, a subcutaneous dose of 0.30 mg/kg of methylnaltrexone bromide did not significantly affect the metabolism of CYP2D6 substrate, dextromethorphan.
Pharmacoeconomic Analyses
The literature search found no VA-relevant, published pharmacoeconomic evaluations of methylnaltrexone.
The manufacturer (Progenics / Wyeth) conducted a decision-analytic cost-effectiveness model. Efficacy inputs were based on the results of Study 302. Cost inputs for constipation and cost offsets for constipation were obtained from a PharMetrics Integrated Outcomes Database
 analysis. Differential costs were calculated with and without constipation costs, and with and without cost offsets due to additional laxatives, enemas, and disimpaction procedures according to findings in Study 302. The manufacturer estimated actual reimbursement for methylnaltrexone to be $595 per prescription (14 injections) with $45 copayment based on the PharMetrics data. The modeling results showed that, compared with standard care, methylnaltrexone plus standard care was cost saving when considering constipation offsets. The difference between methylnaltrexone plus standard care and standard care with constipation offsets was $550 for drug costs; –$1164 for constipation costs, and ‑$614 for total costs over a 1-month time horizon. All incremental costs (i.e., per symptom-free hour gained, per symptom-free day gained, per QALD, per QALY, per response within 4 hours, and per response within 24 hours) dominated. When cost offsets for additional laxatives, enemas, and disimpaction were included, the difference between treatments was $550 for drug costs, ‑$0.13 for additional laxatives and enemas, and $519 for total costs. The incremental cost per quality-adjusted life-day (QALD) was $197; per QALY, $72,033; per symptom-free hour gained, $2.55, and per response within 24 hours, $133. In one-way sensitivity analyses, the incremental cost per symptom-free hour gained was most sensitive to the annual constipation costs and 48-hour responder rates for methylnaltrexone plus standard care. The incremental cost per QALD was most sensitive to the utilities with and without constipation, with the annual constipation costs and the 48-hour responder rates for methylnaltrexone plus standard care having a modest impact on the incremental cost per QALD.
Acquisition Costs

Table 5
Methylnaltrexone for Subcutaneous Injection Lowest VA Cost***
	Drug
	Dose
	Cost
	Cost/Day/patient ($)
	Cost/Year/patient ($)

	Methylnaltrexone bromide single use vial
	12mg/0.6ml
	$29.94
	$29.94
	$1796**

	Methylnaltrexone bromide 7 trays per kit
	Each tray contains: 
one 12mg/0.6ml single use vial;

one 1cc syringe with retractable needle; two alcohol swabs
	$205.57
	$29.37*
	$1762**


Table shows lowest VA costs as of 17 July 2009). See www.pbm.va.gov for up-to-date drug costs.

* Assumes one 12mg or less dose; **Assumes one 12mg or less dose every other day not exceeding 120 days.

***Injection Fees, Supplies, etc not factored into cost projections.

Conclusions

Methylnaltrexone is the first of two peripheral mu-opioid antagonists to be approved by the FDA and is the only agent approved for treatment of OIC, specifically in patients with advanced illness who are receiving palliative care when response to laxative therapy has not been sufficient. Unlike conventional laxative treatments, methylnaltrexone addresses the mechanism of OIC and has been shown to relieve OIC without interfering with opioid analgesia. Its safety profile mainly consists of gastrointestinal adverse events that are likely due to effects on the obstipated colon and are similar to those that would be seen in gastrointestinal opioid “withdrawal.” The relative risks and benefits of methylnaltrexone are acceptable for short-term use as a second-line therapy in the intended patient population. The clinical trials were not designed to compare addition of subcutaneous methylnaltrexone to laxative regimens with maximization of the baseline laxative regimens. It is unclear whether Study 301 patients were on optimized laxative regimens. Study 302 patients were not necessarily on maximal laxative regimens at baseline. 
Its safety and efficacy remain to be determined in preventing or treating OIC in non-palliative care patients on chronic opioid therapy, such as patients with cancer pain or chronic noncancer pain and patients on medication substitution therapy for opioid dependence. Its efficacy has not been determined in patients not receiving standard laxative therapy. Although it may allow better tolerability of an effective opioid or opioid dose that would have otherwise not been continued because of constipation, this potential benefit was not evaluated in clinical trials.
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Appendix:  Clinical Trials

A literature search was performed on Pub Med (2000 to September 2008) using the search terms methylnaltrexone and Relistor™.  The search was limited to studies performed in humans and published in English language. Reference lists of review articles, the manufacturer’s AMCP dossier, and FDA transcripts were searched for relevant clinical trials.  All randomized controlled trials published in peer-reviewed journals were included. 
Systematic Reviews / Meta-analyses of mu-opioid Antagonists in Treatment of Opioid-induced Bowel Dysfunction
	Citation
	McNicol E, Boyce DB, Schumann R, Carr D.  Efficacy and safety of mu-opioid antagonists in the treatment of opioid-induced bowel dysfunction: systematic review and meta-analysis of randomized controlled trials. Pain Med. 2008 Sep;9(6):634-59.6

	Study Goals
	Compare the efficacy and safety of traditional and peripherally active opioid antagonists verses conventional interventions for obstructive bowel dysfunction.

	Methods
	MEDLINE, the Cochrane Central Register of Controlled Trials and EMBASE searched.  Additional reports were identified from the reference lists of retrieved articles.  Data was extracted by two independent investigators and included demographic variables, diagnoses, interventions, efficacy, and adverse events.  Twenty-two articles with 2,352 patients were included in the analysis.

	Criteria
	Inclusion Criteria

Studies were included if they were randomized controlled trials investigating the efficacy of mu-opioid antagonists for Obstructive Bowel Dysfunction.  Subjects of any age and gender were included; patients receiving opioids for chronic malignant pain, nonmalignant pain, opioid dependency, part of a postoperative regimen, and healthy volunteers who received both an opioid agonist and antagonist were included. 
Exclusion Criteria

Studies were excluded if they were nonrandomized, case reports, and clinical observations or were studies including loperamide as the opioid agonist.  Studies were also excluded if no opioid was administered, no constipation outcome, lipid-induced constipation, insufficient data reported, and if outcome measured could not be combined with any other trial.

	Results
	Efficacy Measure

Alvimopan

N=8 studies
MNTX

N=6 studies
NLX

N=7 studies
NLBP

N=1 study
95% CI
GI Transit Time (N=8)
Oral-Cecal Transit Time, mean (min)

N=3

76

vs

PBO 103
N=5

54-110

vs

PBO

125-163
N=3

164

vs

PBO

176
N=3

380

vs

PBO

270
Alvimopan

-52 to -2

MNTX

-75 to -42

NLX

64-156

NLBP

-48 to 24
MNTX, methylnaltrexone; NLX, naloxone; NLBP, nalbuphine; PBO, placebo


	Conclusions
	Methylnaltrexone appears efficacious in reversing increased GI opioid-induced transit time.  Both alvimopan and methylnaltrexone show promise in treating obstructive bowel dysfunction.  Insufficient evidence exists for the efficacy and/or safety of naloxone and nalbuphine in the treatment of obstructive bowel dysfunction.  Furthermore, even though the incidence of adverse effects was similar to placebo and reported as mild to moderate, the long-term efficacy and safety (including unknown possible adverse events) of opioid antagonists in larger populations is unknown.

	Critique
	Strengths:  Included only randomized studies.  Excluded studies included studies utilizing loperamide as the opioid agonist, as it is not an analgesic and is utilized for constipating effects.
Limitations:  Two authors independently extracted and scored each study; disagreements were resolved by discussion, if persistent disagreement then a third party reviewer resolved.  Most studies used healthy volunteers thus preventing generalizations to the validity in the U.S. Veterans population.


Placebo-controlled Trials in Patients with Advanced Illness 
	Citation
	Slatkin N, Thomas J, Lipman AG, et al. Methylnaltrexone for treatment of opioid-induced constipation in advanced illness patients. J Support Oncol 2009;7(1):39-46.
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(Study 301)

	Study Goals
	Determine the safety and efficacy of subcutaneous methylnaltrexone administered as a single dose of 0.15mg/kg or 0.30mg/kg compared with placebo for inducing laxation within 4 hours in patients with advanced illness and opioid-induced constipation whose laxatives are not providing adequate response. 

	Methods
	Study Design 

Multicenter, single-dose, double-blind, randomized, placebo-controlled trial following by a 28-day open-label period conducted in patients with advanced illness and opioid-induced constipation. Open-label drug was administered as needed (p.r.n.) After completion of these two phases, patients could elect to enter a 3-month, open-label extension study.
Data Analysis

Primary efficacy endpoint was rescue-free laxation response within 4 hours of treatment with the double-blind dose.  Other efficacy measures were constipation distress (graded by the patient on a 5-point scale); pain (graded by patient on a 10-point scale); central opioid withdrawal (graded by the patient on a Himmelsbach Withdrawal scale); and, Global Clinical Impression of Change (graded by the patient and the investigator rating overall change.)  Safety and secondary efficacy outcomes are not shown here.  P values less than 0.0249 were considered statistically significant.

	Criteria
	Inclusion criteria

Adult patients aged 18 years or older with advanced illness with a life expectancy of 1 to 6 months were eligible to participate.  Patients also had to be on a stable opioid dose (defined as no reduction in opioid dose of > 50%) for at least 3 days before randomization and a stable laxative regimen for at least 3 days prior to the first dose of the study drug.  Other inclusion criteria were no clinically significant laxation within 48 hours prior to the first dose of the study drug and stable vital signs.
Exclusion criteria

Patients were excluded because of previous treatment with methylnaltrexone, naltrexone, or naloxone for opioid-induced constipation; participation in other studies involving investigational products within 30 days of screening; or any disease process suggestive of gastrointestinal obstruction.  Patients with any potential non-opioid cause of bowel dysfunction responsible for constipation, current peritoneal catheter for intraperitoneal chemotherapy or dialysis, clinically significant active diverticular disease, fecal impaction, surgically acute abdomen or fecal ostomy were also excluded.  .

	Results
	Population Characteristics, Double-blind Phase
PBO 

N = 52
MNTX 0.15

N=47
MNTX 0.3

N=55 
Age, mean (y)

64.7
65.9
65.3
Male (%)

53.8
53.2
56.4
Caucasian (%)

82.7
80.9
83.6
Weight, mean (kg)

67.1
70.4
65.5
Primary Diagnosis (%)

  Cancer

  Cardiovascular

  HIV/AIDS

  Other
82.7

3.8

0

13.5
78.7

8.5

2.1

10.6
81.2

5.2

0.6

13.0
Oral Morphine Equivalents, mean/median (mg/d)
617 / 150
3290 / 207
1220 / 188
Current Pain Score (1–10), mean
3.2
3.2
3.1
Constipation Distress (%)
  None

  Somewhat

  Very Much
8.2

20.4

16.3
8.7

19.6

26.1
7.4

24.1

20.4
Number of Laxatives Taken by Generic Term, mean
2.1
1.9
2.0
WHO Performance Status (%)

3

4
40.4

23.1

40.4

25.5

54.5

16.4

Two patients from each of the methylnaltrexone groups (3.6% each) withdrew from the double-blind phase of the study (1 patient died and 1 patient was noncompliant with the visit schedule in each treatment group).
Efficacy Measure

PBO 

N=52

MNTX 0.15

N=47

MNTX 0.3

N=55 
Patients with rescue-free laxation response within the time interval

4 hours, n (%)

95% CI

P Value
7 (13.5%)

4.2% - 22.7%
29 (61.7%)

47.8% - 75.6%

<0.0001
32 (58.2%)

45.1% - 71.2%

<0.0001
Patients with laxation response within the time interval (with or without rescue)

4 hours, n (%)

95% CI

P Value
7 (13.5%)

4.2% - 22.7%
30 (63.8%)

50.1% - 77.6%

<0.0001
32 (58.2%)

45.1% - 71.2%

<0.0001
MNTX, Methylnaltrexone (s.c. dose in mg/kg); PBO, placebo

(Median daily baseline oral morphine equivalent dose = 172mg)
Of 152 patients who completed the double-blind phase, 147 entered the open-label period of Study 301. Of these, 136 received methylnaltrexone, 72 (49.0%) completed the open-label phase. Of the 75 patients (51.0%) who discontinued prematurely, 39 (26.5%) discontinued because of death. The remaining 36 withdrew because of disease progression (8), patient request (7), other (6), unresponsive to treatment (5), intolerable adverse events (4), noncompliance (2), investigator decision (2), ineligibility determined (1), and lost to follow-up (1). 
Serious adverse events deemed related to methylnaltrexone occurred in 3 patients treated with methylnaltrexone during the open-label phase:  flushing (1); delirium possibly related to methylnaltrexone (1); and severe diarrhea, subsequent dehydration, and cardiovascular collapse considered to be related to the drug (1). The fatal SAE involved a 73-year old woman with advanced metastatic breast cancer. She received double-blind methylnaltrexone 0.3 mg/kg without incident. Open-label 0.15 mg/kg methylnaltrexone did not produce bowel movement. Increasing the dose to 0.30 mg/kg resulted in passage of large amount of stool after 30 minutes. Two additional 0.3 mg/kg doses were given over the next few days. After the second dose, she developed severe diarrhea, nausea and vomiting, and later syncope. After she regained consciousness, comfort measures were given; rehydration was not attempted. The patient died the next day. Diagnostic tests and autopsy were not done. The cause of death was reported as metastatic breast cancer, exacerbated by diarrhea, and subsequent dehydration and cardiovascular collapse.

	Conclusions
	Data from this study showed that subcutaneous methylnaltrexone was effective in patients with advanced illness who had opioid-induced constipation despite the use of laxatives.  There was no dose response in the range of doses studied; therefore, 0.15 mg/kg appears to be the optimal dose. The open-label phase results suggested that the efficacy of methylnaltrexone was maintained in patients who had previously taken the drug. 
From Published Report:  SC methylnaltrexone (0.15 mg/kg and 0.3 mg/kg) rapidly and consistently induced laxation in patients with advanced illness and OIC. Both doses of methylnaltrexone appeared to be equally efficacious and were generally well-tolerated.

	Critique
	Strengths:  Well controlled and randomized study.
Limitations:  The high discontinuation rate in the open-label phase limited assessments of drug tolerability. This was a pharmaceutical manufacturer clinical trial, thus publishers could benefit financially from further development of methylnaltrexone. Findings could have external validity to U.S. veteran population with terminal illness who are receiving palliative care.
Jadad Score:  5 of 5
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	Study Goals
	To provide access to continued treatment with methylnaltrexone administered subcutaneously to patients who completed Clinical Trial, Study 301.  Secondary objectives were to obtain additional safety and efficacy data of methylnaltrexone administered as needed for up to three months.

	Methods
	Study Design 

Three month, open-label extension of Clinical Trial, Study 301.  Patients continued baseline laxative therapy throughout the study.  Rescue laxatives were permitted during the study, but not within 4 hours before or after administration of the study drug.  Dosing of methylnaltrexone began with the dose level last received in Study 301 and could be adjusted to one of the three dose levels (0.075mg/kg, 0.15mg/kg, or 0.30mg/kg) at the discretion of the investigator.  Methylnaltrexone was given on an as needed basis with doses no more frequent than one dose every 24 hours.
Data Analysis

Primary efficacy endpoint was rescue-free laxation response within 4 hours of treatment with methylnaltrexone.  P values less than 0.0249 were considered statistically significant.

	Criteria
	Inclusion criteria

Patients who completed Study 301 were eligible to enter the extension study (Study 301EXT).  Twenty-seven patients with advanced illness and opioid-induced constipation who completed Clinical Trial, Study 301 were included in the extension study.
Exclusion criteria

Eighteen (66.7%) patients discontinued the study prematurely.  Death was the primary reason for premature discontinuation in the study. All deaths were considered to not be related to methylnaltrexone.

	Results
	Efficacy Measure

Time; N=27
MNTX 0.15
MNTX 0.3
Rescue Free Laxation response for Patients who had received MNTX during the double-blind period
4 hours, n (%)
(62%)

(52%)

Rescue Free Laxation response for Patients who had received PBO during the double-blind period
4 hours, n (%)

(54%)

MNTX, Methylnaltrexone (s.c. dose in mg/kg); PBO, placebo


	Conclusions
	The laxation response produced in the initial trial was maintained for an additional four months when patients received open-label methylnaltrexone.  Since published results for the extension study were limited and only a small sample finished the study, risk-benefit analysis of extended methylnaltrexone use could not be determined.  

	Critique
	Strengths:  Study design provided data for analyzing efficacy and safety results from the initial short 28 day trial for four months.
Limitations:  This was a pharmaceutical manufacturer clinical trial, thus publishers could benefit financially from further development of methylnaltrexone. Findings could have external validity to U.S. veteran population receiving palliative care. It is unclear whether patients were maximized on their baseline laxative regimen.
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	Study Goals
	Primary objectives of the study were to determine the efficacy, compared to placebo, of a single dose of subcutaneous methylnaltrexone 0.15mg/kg in inducing laxation within 4 hours in patients with advanced illness and opioid-induced constipation; and, to determine the efficacy, compared with placebo, of subcutaneous methylnaltrexone at a dose of 0.15mg/kg every other day over a one week treatment period in relieving opioid-induced constipation in patients with advanced illness.  Secondary objectives included determining efficacy with the option to escalate the methylnaltrexone dose and to determine the safety of 0.15mg/kg every other day or escalating dose to 0.30mg/kg every other day for a two week treatment period.

	Methods
	Study Design 

Multicenter, double-blind, phase 3, randomized, parallel-group study conducted in patients with advanced illness and opioid-induced constipation despite laxative use.  Patients were randomly assigned to receive subcutaneous doses of either methylnaltrexone 0.15mg/kg or matched placebo every other day for two weeks.  Any patient who had fewer than three bowel movements not associated with rescue laxatives or interventions by day 8 was eligible for dose escalation, at the discretion of the investigator.  Dose escalation was blinded by doubling the volume of the study medication given subcutaneously starting on day 9. Patients were constipated at baseline but could have had a response to adjustment of their baseline laxative regimen.
Data Analysis

Efficacy was measured by rescue-free laxation response within 4 hours after receiving the study drug.  P<0.0001 was considered statistically significant.

	Criteria
	Inclusion criteria

Adult patients 18 years or older with advanced illness with a life expectancy of more than 1 month were eligible.  Patients must have been taking opioid medication for at least 2 weeks prior to the first dose of the study.  The opioid dose must have been stable for at least 3 days, with the patient experiencing opioid-induced constipation and receiving a stable laxative regimen for at least 3 days prior to the first dose of the study drug. Opioid-induced constipation was defined as either fewer than three laxations during the preceding week and no clinically meaningful laxation (as determined by the investigator) within 24 hours before the first study dose or no clinically meaningful laxation within 48 hours before the first study dose.
Exclusion criteria

Patients were excluded if they had previous treatment with methylnaltrexone or for any disease process suggestive of mechanical gastrointestinal obstruction.  Patients with nonopioid causes of constipation, current peritoneal catheter for chemotherapy or dialysis, clinically significant active diverticular disease, fecal impaction, surgically acute abdomen, or fecal ostomy were also excluded.

	Results
	Population Characteristics
PBO 

N=71
MNTX
N=62 
Age, mean (y)
66.8
68.9
Male (%)
43.7
42.9
Caucasian (%)
91.5
96.8
Weight, mean (kg)
71.3
68.9
Primary Diagnosis
  Cancer

  Cardiovascular

  HIV/AIDS

  Other
57.7

9.9

0.0

7.0
58.7

12.7

0.0

14.3

Oral Morphine Equivalents, mean/median (mg/d)
339/100
417/150
Current Pain Score (1–10), mean
3.5
3.6
Constipation Distress (%)

  None

  Somewhat

  Very Much

11.3

15.5

38.0

11.1

14.3

34.9

Number of Laxatives Taken by Generic Term, mean

2.1

1.9

Completed study:  76.1% of 71 placebo patients, 84.1% of 63 methylnaltrexone patients. Primary reason for discontinuation from the study:  death (4 placebo, 5 methylnaltrexone patients). WDAEs:  3 placebo, 2 methylnaltrexone.
Efficacy Measure
PBO 

N=71 (%)
MNTX 0.15 mg/kg
N=62 (%) 
Patients with rescue-free laxation response within 4 hours after each dose (n (%), 95% CI)
Dose 1/71 Patients Dosed
11 (15.5)/7.1-23.9

30 (48.4)/35.9-60.8

Dose 2/65 Patients Dosed
6 (9.2)/2.2-16.3
26 (45.6)/32.7-58.5
Dose 3/63 Patients Dosed
8 (12.7)/4.5-20.9
27 (46.6)/33.7-59.4
Dose 4/59 Patients Dosed
4 (6.8)/0.4-13.2
21 (37.5)/24.8-50.2
Dose 5/58 Patients Dosed
8 (13.8)/4.9-22.7
23 (41.1)/28.2-54
Dose 6/52 Patients Dosed
5 (9.6)/1.6-17.6
19 (37.3)/24.0-50.5
Dose 7/51 Patients Dosed
4 (7.8)/0.5-15.2
18 (38.3)/24.4-52.2
Overall Response/71 Patients Dosed
33 (46.5)/34.9-58.1
49 (79.0)/68.9-89.2
MNTX, Methylnaltrexone; PBO, placebo
The results of the primary end points remained statistically significant when baseline opioid use was included as a covariate.

Age, functional status, a diagnosis of cancer (as compared with noncancer), or the baseline opioid dose (oral morphine equivalent) did not affect results (rescue-free laxation within 4 h) in post hoc logistic-regression model analyses of data in the methylnaltrexone group. 

	Conclusions
	Data from this study indicate methylnaltrexone induced laxation over a two week period.  The percentage of patients who had rescue-free laxation within 4 hours after receiving the first dose of study medication was significantly higher in the methylnaltrexone group (48.4%) versus the placebo group (15.5%).  The results were statistically significant (P<0.0001.)

	Critique
	Strengths:  Randomized study.
Limitations:  Study drug dosing increases were at the discretion of the investigator.  This was a pharmaceutical manufacturer clinical trial, thus publishers could benefit financially from further development of methylnaltrexone. Findings could have external validity to U.S. veteran population receiving palliative care.
Jadad Score:  5 of 5
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	Study Goals
	Primary goal was to provide access to treatment with subcutaneous methylnaltrexone to patients who had completed the Phase 3 Clinical Trial, Study 302.  The secondary goal was to obtain safety and efficacy data on subcutaneous methylnaltrexone administered as needed for up to 12 weeks.

	Methods
	Study Design 

Multicenter, open-label, 12 week extension of Study 302, which was a double-blind study conducted in patients with advanced illness and opioid-induced constipation.    Of the 107 eligible patients, 89 elected to enter the extension study.
Patients were started on methylnaltrexone 0.15 mg/kg. This dose could be titrated to 0.075 if the patient experienced adverse events or to 0.30 mg/kg if there was no laxation to 0.15 mg/kg within 4 hours. No more than one dose could be given every 24 hours.
Data Analysis

Efficacy was measured by rescue-free laxation response within 4 hours after receiving the study drug.  P<0.0001 was considered statistically significant.

	Criteria
	Inclusion criteria

Patients who completed Study 302 were eligible to participate.  Patients had to sign consent forms within 28 days of the end of Study 302.
Exclusion criteria

Patients who had participated in any studies involving investigational products other than methylnaltrexone within the 30 days prior to screening or with any disease process suggestive of mechanical gastrointestinal obstruction were excluded from the study.  Patients with clinically significant active diverticular disease, fecal impaction, or surgically acute abdomen were excluded also excluded from the study.  32 patients completed the study; the most common reason for premature discontinuation was death (26 patients.)

	Results
	Visit
Previous Treatment in the Double-Blind Study 302
PBO (N=40)

MNTX (N=42)

Number

Of

Patients

Dosed

Doses

Over

All

Patients

Doses

With

Lax

Respa 

Resp

Rate

Per

Dose

(%)b
Number

Of

Patients

Dosed

Doses

Over

All

Patients

Doses

With

Lax

Respa
Resp

Rate

Per

Dose

(%)b
DB
40
277
30
10.8
42
287
130
45.3
EXT month 1
40
294
142
48.3
42
330
150
45.5
EXT month 2
23
147
70
47.6
25
156
90
57.7
EXT month 3
13
94
49
52.1
12
96
55
57.3
MNTX, Methylnaltrexone; PBO, Placebo
aNumber of doses with laxation response within four hours postdose
bResponse rate = doses with laxation response/total number of doses


	Conclusions
	Data from this study indicates subcutaneous methylnaltrexone induced laxation response could be maintained for up to 3 months.  Co-existing advanced illness of patients significantly reduced the number of participants in the study over 12 weeks.   

	Critique
	Strengths:  Randomized study.
Limitations:  Study drug dosing increases were at the discretion of the investigator.  This was a pharmaceutical manufacturer clinical trial, thus publishers could benefit financially from further development of methylnaltrexone. Findings could have external validity to U.S. veteran population receiving palliative care.



	Citation
	Portenoy RK, Thomas J, Moehl Boatwright ML, et al. Subcutaneous methylnaltrexone for the treatment of opioid-induced constipation in patients with advanced illness: a double-blind, randomized, parallel group, dose-ranging study. J Pain Symptom Manage 2008;35(5):458-68.

Wyeth Pharmaceuticals, Inc, in collaboration with RTI Health Solutions. Submission of clinical and economic data supporting formulary consideration of: Relistor™ (methylnaltrexone bromide). Formulary Submission Dossier. May 23, 2008:1- 91.4 FDA Medical Review3. (Study 251)

	Study Goals
	To assess the long-term (4 weeks) safety and efficacy of various fixed methylnaltrexone doses (1 to 20 mg subcutaneously).

	Methods
	Study Design 
Double-blind, randomized, dose-ranging study. Patients received subcutaneous doses of methylnaltrexone 1, 5, 12.5, or 20 mg q.o.d. (days 1, 3, and 5) during week 1 of the study. After completing the first week of the study, patients were eligible to enter an open-label phase in which methylnaltrexone was started at 5 mg on day 7 and dosed as-needed thereafter (max. 20 mg) every other day for up to 3 wk. Patients were originally randomized on a 1:1:1 basis; after protocol amendments, randomization was made on a 1:1:3 basis. See the FDA Medical Review for explanation of protocol amendments.3
Data Analysis

Primary efficacy end point was the 4-hour laxation response on day 1 of the double-blind phase. Secondary end points were patient-recorded evaluation of bowel movements (consistency, difficulty, constipation severity, distress, pain); opioid withdrawal symptoms, opioid nonbowel adverse effects, patient satisfaction during week 1 (double-blind phase) and weeks 2–4 (open-label). Cochran-Mantel-Haenszel (CMH) test was used to analyze secondary end points.

	Criteria
	Inclusion criteria

Advanced medical illness (e.g., advanced metastatic cancer and AIDS) for which they were receiving palliative care; receipt of opioids for at least 2 wk for palliation of pain and doses to remain stable; constipation (original protocol defined this as no bowel movement in ≥ 3 d prior to randomization; protocol amendment 2 defined it as no bowel movement in > 2 d prior to study drug) and a constipation-related distress rating of 3 or 4 (original protocol) then 3 or greater (amendment 2)  on a 5-point scale; stable laxation regimen for more than 4 days; life expectancy of > 4 wk; LFTs < 3x ULN; SCr < 2x ULN; platelet ct > 50,000/mm3; age ≥ 18 y..
Exclusion criteria

Concurrent use of non-opioids that might interfere with GI motility; hypersensitivity to methylnaltrexone, naltrexone, or naloxone; disease process suggestive of GI obstruction; potential non-opioid cause of bowel dysfunction; active peritoneal cancer that may have interfered with bowel function; history of or current peritoneal catheter for IP chemotherapy or dialysis; clinically significant active diverticulitis or diverticulosis; surgically acute abdomen; fecal ostomy. 

	Results
	39 patients screened; 33 patients randomized:  mean age 61.1 y (range, 20–87 y); mean body weight 63.8 kg (range, 38.6–112.7 kg); 45% male; 79% Caucasion. Baseline characteristics were similar between treatment groups except the 20-mg group was older and weighed less than the other three dose groups. Majority had cancer (85%). Mean morphine equivalent opioid dose was 290 mg (median, 180 mg; range, 9–1207 mg). Most patients (88%) were using a laxative at baseline:  contact laxatives (73%), softeners/emollients (33%), and osmotic agents (27%). Laxatives were not being used by 5 patients because of either failure or intolerance.
Of the 33 randomized patients, 22 completed the double-blind phase; 11 withdrew primarily due to patient request (n = 6), which included the following reasons:  increased shortness of breath due to lung cancer after first dose of 1 mg; suicide attempt after second 5-mg dose; diarrhea after first 12.5-mg dose; abdominal pain and nausea after 12.5-mg dose; confusion/agitation after 20-mg dose; and reason not provided (2 cases, 12.5- and 20-mg doses ). Of 18 patients, 14 completed the 3-wk open-label phase. 

Deaths:  2 (1 DB phase; 1 OL phase). WDAEs:  2 (1 DB phase; 1 OL phase)

Laxation Responses at All Doses
Day
MNTX Dose Level (mg)
P-value
1

5

12.5

20

≥ 5 Combined

4-hour Response
1
1/10
(10%)
3/7

(43%)
6/10

(60%)
2/6

(33%)
11/23

(48%)
0.135
3
2/9

(22%)
4/6

(67%)
5/7

(71%)
2/4

(50%)
11/17

(65%)
0.193
5

0/7

(0%)

4/5

(80%)

4/7

(57%)

¾

(75%)

11/16

(69%)

0.019

24-hour Response

1

5/10

(50%)

5/7

(71%)

7/10

(70%)

2/6

(33%)

14/23

(61%)

0.414

3

3/9

(33%)

4/6

(67%)

5/7

(71%)

¾

(75%)

12/17

(71%)

0.332

5

1/7

(14%)

4/5

(80%)

4/7

(57%)

¾

(75%)

11/16

(69%)

0.090

See FDA Medical Review3 for laxation responses by 5 and 12.5 mg and by weight-based dosing.
MNTX, Methylnaltrexone (s.c. dose in mg/kg) 



	Conclusions
	Subcutaneous administered methylnaltrexone can produce a rapid relief of constipation in opioid-treated patients with advanced illness. Doses associated with this action do not cause opioid withdrawal or a flare of pain. Larger controlled studies are warranted to establish the effective dose range and clarify the nature of the clinical response.. (In the FDA Medical Review, the data from this study supported the recommended dosing schedule of methylnaltrexone.)

	Critique
	Strengths:  

Limitations:  Small study population.
Jadad Score:  4 of 5


Placebo-controlled Trials in Healthy Volunteers 
	Citation
	Yuan C., Wei G., Foss J., et al.  Effects of Subcutaneous Methylnaltrexone on Morphine-Induced Peripherally Mediated Side Effects:  A Double-Blind Randomized Placebo-Controlled Trial.  Journal of Pharmacology and Experimental Therapeutics 2002; 300(1):118-23.12 

	Study Goals
	Evaluate the efficacy of subcutaneous methylnaltrexone in antagonizing morphine-induced delay in oral-cecal transit time.

	Methods
	Study Design 

Eight males and four females participated and completed the study.  The study consisted of three sessions, each separated by at least one week.  Each session lasted approximately 7 hours and consisted of the following drug combinations:  placebo and placebo; placebo and morphine (0.05mg/kg intravenously); and methylnaltrexone subcutaneous (0.1mg/kg in 6 subjects and 0.3mg/kg in 6 subjects) and morphine (0.05mg/kg intravenously.)  Placebo and Placebo was always given in session 1 and blinded to the subjects to establish baseline.  The two drug combinations were random and blinded to both subjects and investigators (prepared & administered by non-study staff.)  Randomized assignments were achieved by using a table of random numbers and sealing in envelopes.   Efficacy measures included gastrointestinal transit time measured by pulmonary hydrogen breath test, opioid subjective effects, and methylnaltrexone plasma and urine concentrations for pharmacokinetic analysis (results not shown here).
Data Analysis

Results of oral-cecal transit time and subjective rating before and after administration of different drug combinations were analyzed using the Wilcoxon signed rank test.  In all cases, P<0.05 was considered statistically significant.

	Criteria
	Inclusion criteria

Eight males (all Caucasian) and four nonpregnant females (two Caucasian and two African American) participated and completed the study.  Mean age was 24.8 + 5.9 (range 19-38) years.

Exclusion criteria

One Asian male was excluded from the study after session 1 due to low hydrogen breath test value with no peak up to 4 hours after lactulose administration.

	Results
	Efficacy Measure

PBO + PBO
PBO + MOR

MNTX

0.1 + MOR
MNTX 0.3 + MOR
Diff (calc)
p-value (MNTX vs. PBO)
Group 1 (N = 6)

Oral-Cecal Transit Time, mean ± SD (min)

85 ± 20.5

155 ± 27.9

110 ± 41.0

—
45
< 0.01

Group 2 (N = 6)

Oral-Cecal Transit Time, mean ± SD (min)

98 ± 49.1

140 ± 58.2

—
108 ± 59.6

32
<0.05

MNTX, Methylnaltrexone (s.c. dose in mg/kg); MOR, Morphine 0.05 mg/kg i.v.



	Conclusions
	Data from this study showed that subcutaneous methylnaltrexone effectively prevented a single acute dose of morphine-induced gut motility change.  Also, using a checklist, it was observed that subcutaneous methylnaltrexone significantly reduced the overall subjective opioid effect ratings.  Furthermore, no opioid withdrawal symptoms were observed indicating methylnaltrexone does not penetrate into the brain in humans. 

	Critique
	Strengths:  Well controlled and randomized study.
Limitations:  Very small sample size of young healthy volunteers.  Methylnaltrexone was originally formulated and subsequently modified by researchers, thus the researchers could benefit financially from further development of methylnaltrexone. Findings have low external validity to U.S. veteran population.


	Citation
	Yuan C., Doshan H., Charney M., et al.  Tolerability, Gut Effects, and Pharmacokinetics of Methylnaltrexone Following Repeated Intravenous Administration in Humans.  Journal of Clinical Pharmacology 2005; 45:538-46.14 

	Study Goals
	Examine the safety, pharmacological activity, and pharmacokinetics of repeated doses of methylnaltrexone.

	Methods
	Study Design 

Twelve healthy volunteers received 12 consecutive doses of intravenous methylnaltrexone ((0.3mg/kg) every 6 hours.  Oral-cecal transit time was measured at baseline and after three days when the consecutive dosing regimen was concluded.  Oral-cecal transit time was assessed by measuring pulmonary hydrogen following lactulose ingestion at baseline and after the last dose of methylnaltrexone.  Blood and urine samples were also obtained at baseline and throughout the study (results not shown here.) 
Data Analysis

Results of oral-cecal transit times before and after methylnaltrexone administration were analyzed using t test and the Wilcoxon signed-rank test.  P<0.05 was considered statistically significant. 

	Criteria
	Inclusion criteria

Eight males (all Caucasian) and four nonpregnant females (one Asian and one Hispanic) participated and completed the study.  Mean age was 29.3 + 5.8 (range 23-41) years.

Exclusion criteria

Volunteers with drug abuse disorders or medical contraindications.  Urine toxicology screening was performed at screening and during the study. 

	Results
	Efficacy Measure

MNTX 0.3

p-value (MNTX vs. PBO)
Baseline

Oral-Cecal Transit Time, mean ± SD (min)

101.3 + 29.4
After 12 doses

Oral-Cecal Transit Time, mean ± SD (min)

82.5 + 20.7

<0.05

MNTX, Methylnaltrexone (s.c. dose in mg/kg); MOR, Morphine 0.05 mg/kg i.v.



	Conclusions
	This study showed that repeated administration of intravenous methylnaltrexone is well tolerated in humans, with no significant adverse events or changes in opioid subjective ratings and no clinically noteworthy alterations in pharmacokinetics.  The observation of a significant reduction in the gut transit time after repeated administration of methylnaltrexone to these opioid-naïve volunteers suggests that endogenous opioids modulate human gut motility.

	Critique
	Strengths:  Well controlled study of repeated methylnaltrexone doses.
Limitations:  Very small sample size of young healthy volunteers.  Methylnaltrexone was originally formulated and subsequently modified by researchers, thus the researchers could benefit financially from further development of methylnaltrexone. Findings have low external validity to U.S. veteran population.
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� The PharMetrics Integrated Outcomes Database holds longitudinal insurance claims, including enrollment, medical, and prescription records, of more than 40 million unique patients. It covers 75 health plans and 2 billion health care transactions in all four U.S. Census regions. It is representative of the national age and gender distribution. Cost data are  actual paid (i.e., reimbursed) amounts for medical products and services.
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