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EXECUTIVE SUMMARY  

· Morphine/naltrexone extended (ER) was the first tamper-resistant opioid analgesic product to be marketed in the U.S.
· There are three studies that were used by the Food and Drug Administration (FDA) to examine the abuse potential of morphine/naltrexone.7,9,10 Only one of these studies actually examined the morphine/naltrexone combination. One study simulated parenteral morphine/naltrexone abuse, where investigators injected subjects with an intravenous (IV) formulation of each agent separately. The other study evaluated the dose of naltrexone required to decrease euphoria associated with morphine.

· Crushing morphine/naltrexone yielded similar plasma morphine levels as morphine sulfate solution (immediate-release morphine).  However, the drug-euphoria-like effects of morphine were no more desirable to recreational drug-users than intact product due to naltrexone absorption.10
· The combination of both morphine IV and naltrexone IV resulted in a 71% reduction in euphoria versus morphine IV alone.7 

· However, there are no epidemiological studies to date that confirm morphine/naltrexone reduces abuse.2  

· The effects of morphine/naltrexone when administered intranasally have not been studied to determine whether naltrexone can be absorbed nasally.2
· The inclusion of naltrexone in morphine/naltrexone does not compromise the efficacy of morphine when taken as prescribed. This is demonstrated in several studies where morphine/naltrexone was as effective as morphine sulfate ER in pain relief.11-13 However, due to the fact that the naltrexone component does not have any effect until the medication is altered in some way, patients may still abuse morphine/naltrexone by taking excessive amounts and/or taking it in combination with other drugs.

· Only patients who were not dependent on opioids were included in the studies that examined abuse potential of morphine/naltrexone.7,9,10 In opioid-dependent patients, severe withdrawal may occur if morphine/naltrexone is tampered with.14,15
· The annual cost of morphine/naltrexone ER 120 mg versus morphine sulfate SA 120 mg is $4672 versus $161, respectively.14
Conclusions
In non-opioid–dependent recreational opioid users, relative to morphine alone, morphine/naltrexone when taken as crushed pellets was shown in a pharmacodynamic study to reduce drug liking. When injected simultaneously as separate drugs (to simulate intravenous drug abuse), morphine plus naltrexone was shown to reduce euphoria. Because of interindividual variability in response to opioids, however, some individuals may not experience a reduction in drug liking or euphoria. There is no deterrent feature in morphine/naltrexone ER capsules that prevents or discourages a user from taking the whole capsule in excessive amounts or mixing it with other medications. Crushing or chewing the pellets may result in uncontrolled release of drug, possible morphine overdose and/or, in opioid-dependent individuals, naltrexone-precipitated opioid withdrawal. Morphine/naltrexone has not been studied to determine whether naltrexone can be absorbed nasally or whether it may deter drug abusers from snorting opioids. Epidemiologic studies are needed to determine whether, and the extent to which, morphine/naltrexone with its tamper-resistant and injection-deterrent features actually reduces abuse (i.e., is abuse-deterrent) and improves public safety.  Patients being treated with opioids for pain management and who are known to be actively abusing or misusing opioids in a manner that suggests addiction should have their opioids tapered and discontinued, rather than placed on a tamper-resistant opioid product like morphine/naltrexone ER capsules.

With regard to pain relief, morphine/naltrexone produces similar analgesic efficacy and adverse effect profile to those of morphine sulfate SA,11-13 but at a much higher drug acquisition cost. 


Introduction
The fixed-dose combination of morphine sulfate and naltrexone hydrochloride extended-release (ER) capsules (Embeda®) was approved on August 13, 2009 for the management of moderate to severe pain.  It is the fifth long-acting morphine product, the second once or twice daily dosing morphine product, and the first tamper-resistant opioid product to be marketed. (The polymer-coated controlled-release tablets of oxycodone were the second tamper-resistant product to be approved in the U.S.)  

The fixed-dose combination includes the opioid, morphine, and an opioid antagonist, naltrexone, in a ratio of 100:4 (morphine:naltrexone).1,2  When morphine/naltrexone is taken as intended, naltrexone exerts no clinically significant effect.  However, the naltrexone component is released if the pellets are altered by crushing, chewing or pulverizing.  This feature is intended to reduce the product’s abuse potential.1 

The purpose of this monograph is to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating morphine/naltrexone ER 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.

FDA Approved Indication(s) and Off-label Uses
Morphine/naltrexone is indicated for the management of moderate to severe pain when a continuous around-the-clock opioid analgesic is needed for an extended period of time. Morphine/naltrexone is not indicated for acute, mild or intermittent pain.  It is only indicated for postoperative use if the patient is already receiving chronic opioid therapy prior to surgery or if the pain is expected to be moderate to severe and persist for an extended period of time.  The 100 mg/4 mg capsules are only for use in opioid-tolerant patients. 
At this time, there are no off-label uses for morphine/naltrexone.  

Dosage and Administration1,16

	***
Morphine/naltrexone capsules should be taken whole with or without food and should not be  crushed, dissolved or chewed. Tampering with the formulation can cause rapid release and   absorption of both morphine and naltrexone. The subsequent morphine dose may be fatal   especially in opioid naïve individuals. In opioid-tolerant individuals, the naltrexone   component may increase the risk of precipitating withdrawal.


Use of morphine/naltrexone as the first opioid analgesic:

The lowest dose of morphine/naltrexone should be used as the initial opioid analgesic in patients with chronic pain.  Patients may then be titrated to a once or twice a day dosage which sufficiently manages pain.

Conversion from other oral morphine formulations to morphine/naltrexone:

Patients may be converted to morphine/naltrexone by administering one-half of the patient’s total daily oral morphine dose as morphine/naltrexone every 12 hours (twice daily) or by administering the total daily oral morphine dose as morphine/naltrexone every 24 hours (once daily). Morphine/naltrexone should not be given more frequently than every 12 hours.

Conversion from oral opioids, parenteral morphine, or other parenteral opioids to morphine/naltrexone:

1. Parenteral to oral morphine ratio: it may take anywhere from 2 – 6 mg of oral morphine to provide analgesia equivalent to 1 mg of parenteral morphine.  A dose of oral morphine three times the daily parenteral morphine requirement may be adequate in chronic use settings.

2. Other oral or parenteral opioids to oral morphine sulfate: there is a lack of evidence for these types of conversions.  Physicians are advised to refer to published relative potency data.  In general, it is safest to give only half of the estimated daily morphine demand as the initial dose and to manage inadequate analgesia by supplementation with immediate-release morphine. 

3. The first dose of morphine/naltrexone can be taken with the last dose of any immediate-release opioid medication.

Individualization of dosage:

· Morphine/naltrexone should be titrated no more frequently than every other day.

· If breakthrough pain occurs, a small dose of short-acting opioid (less than 20% of daily dose) can be supplemented.

· Patients who are on a once daily regimen who experience inadequate relief of pain should be switched to twice daily morphine/naltrexone.

Patients unable to swallow morphine/naltrexone capsules:

The contents of the morphine/naltrexone capsule can be sprinkled over approximately one tablespoon of apple sauce.  All of the apple sauce and pellets must be swallowed immediately. The patient must then rinse out the mouth to make sure all of the pellets have been swallowed. The patient also must make sure not to chew any of the pellets.  The empty capsule should be flushed immediately. 

Maximum dose:  

There is no established maximum dose of morphine. In the Phase 3 open-label safety study (Study 302), the average daily dose of morphine was 85 mg, with the highest average daily dose being 964 mg. (According to the VA/DoD Clinical Practice Guideline on Management of Opioid Therapy in Chronic Pain, medication may be increased until limited by adverse effects or clear evidence of lack of efficacy. If a high dose (greater than 200 mg/day morphine equivalent) provides no further improvement in function, the provider should consider consultation rather than further increasing the dose.)
Hepatic impairment dosing:

The pharmacokinetics of morphine are altered in patients with hepatic disease, but naltrexone has not been studied in these patients. The dose of morphine/naltrexone should be tailored to the patient’s clinical response and degree of hepatic impairment.  However, no specific recommendations are available.

Renal impairment dosing:

Morphine has two metabolites (morphine-6-glucuronide and morphine-3-glucuronide) that are renally eliminated and their levels can accumulate in patients with renal impairment. Naltrexone has not been studied in these patients. The dose of morphine/naltrexone should be tailored to the patient’s clinical response and degree of renal impairment.  However, no specific recommendations are available.

Nasogastric tube or gastric tube administration:

Morphine/naltrexone should not be administered through these routes.

Summary of Clinical Trial Data 
Twelve studies were submitted to the FDA for the marketing application of morphine/naltrexone ER and are briefly described in the Appendix.  Nine of the trials were phase 1 studies, one trial was a phase 2 study, and two trials were phase 3 studies.  Most of the trials examined bioavailability of pharmacokinetics of morphine/naltrexone.  Only three studies examined abuse potential and three studies examined efficacy of morphine/naltrexone. 

Abuse Potential
· The results of a phase 1 trial that simulated intravenous abuse liability of morphine/naltrexone in non-dependent experienced opioid users found that the combination of morphine with naltrexone resulted in 71% of patients reporting a reduction in euphoria compared to IV morphine alone.7   Adverse effects were consistent with the expected side effects of morphine and included nausea, vomiting and pruritis (n=27; 11.1%, 3.7% and 3.7%).  

· Another phase 1 study performed in non-dependent recreational opioid-users found that 4.8 mg of naltrexone was the lowest dose that consistently reduced morphine induced euphoria as evidenced by the visual analogue scale (VAS) for drug liking.9 The most common adverse effects were somnolence, nausea and vomiting [n=22; 7 (31.8%), 5 (22.7%) and 4 (18.2%)].

· The last phase 1 trial was designed to determine the relative pharmacodynamic effects and safety of whole and crushed morphine/naltrexone 120 mg versus morphine sulfate solution (MSS) 120 mg and placebo.10 Pharmacodynamic results indicated that the MSS produced significantly more euphoria than crushed morphine/naltrexone despite similar plasma levels.  

· Morphine/naltrexone, both whole and crushed, resulted in a lower level of response and flatter profile versus MSS for VAS-drug liking scores (67.6 and 68.1 vs. 89.5 for MSS; p<0.001). 

· Other rating scales that were statistically significant for morphine/naltrexone (whole and crushed) versus MSS included Cole Addiction Research Inventory (ARI) Abuse Potential (5.9 and 6.3 vs. 8.7), Stimulation-Euphoria (10.8 and 11.9 vs. 18.4), and Subjective Drug Value. 
Efficacy 

The three efficacy studies consisted of one phase 2 and two phase 3 trials. 

· The results of the phase 2 trial showed that morphine/naltrexone and ERMS were not statistically different in terms of decrease in mean pain intensity from baseline to Day 14 [2.3 vs. 2.4, respectively; p = 0.31] and were similar in terms of frequency of adverse events [constipation (15.5% vs. 12.7%), nausea (9.9% vs. 8.5%) and somnolence (9.9% vs. 8.5%)] in patients with chronic osteoarthritis pain. 

· The results of the phase 3 placebo-controlled study showed that morphine/naltrexone was efficacious in terms of the change from baseline in Brief Pain Inventory (BPI) scores versus placebo [(mean ± SD) -0.2 ± 1.9 vs. 0.3 ± 2.1; p=0.045] in patients with chronic osteoarthritis pain.  Responder rates (>30% improvement from baseline at the start of the dose-titration phase) were higher in the morphine/naltrexone groups versus the placebo group (72.5% vs. 57.8%; p=0.005; NNT = 7).
· The long-term phase 3 study showed that morphine/naltrexone produced statistically significant improvements from baseline to week 28 in mean scores for all pain items (worst, least, average and current) in patients with chronic, moderate to severe pain. The scores then remained stable at this point until the end of the 12 month study. The mean changes in baseline for worst, least, average and current pain scores were significant (p<0.0001) for all endpoints at each visit.

For further details on the efficacy results of the clinical trials, refer to Appendix A: Clinical Trials (pages 14-15) 
Adverse Events (Safety Data)

Morphine/naltrexone ER capsules are classified Schedule II (C-II).

Deaths and Other Serious Adverse Events 

No deaths were reported with morphine/naltrexone therapy.  However, serious treatment-emergent adverse events (TEAEs) were reported in 7% of morphine/naltrexone patients in the longer-term study.13 Only one of these events (severe gastrointestinal inflammation and severe colitis) was thought to be possibly related to morphine/naltrexone. 

All of the trials that examined the abuse potential of morphine/naltrexone were performed in a controlled environment and involved patients who were not physically dependent on opioids.  However, it should be noted that severe withdrawal symptoms may occur in patients who tamper with morphine/naltrexone and are opioid dependent.  Two case reports of a 50-year-old male and 39 year-old-female were published where misuse resulted in severe withdrawal symptoms.14,15 Both patients were hospitalized, treated and released the next day.  

Common Adverse Events
In Table 1 below, adverse effects from the phase 1 study comparing morphine/naltrexone to morphine sulfate solution are listed. The most common adverse effects for morphine/naltrexone whole include somnolence, pruritis and euphoric mood which are very similar to morphine/naltrexone crushed.
Table 1: Treatment-Emergent Adverse Events (Reported > 10% of Patients) during the Treatment Period [N=32]
	Parameter
	MSS (120mg) [N=28]
	Morphine/naltrexone –  whole (120mg) [N=28]
	Morphine/naltrexone – crushed (120 mg) [N=23]
	Placebo 

[N=32]

	Euphoric mood
	56%
	28%
	28%
	9%

	Pruritis
	53%
	28%
	28%
	0

	Somnolence
	34%
	44%
	25%
	13%

	Vomiting
	34%
	19%
	3%
	0

	Nausea
	28%
	13%
	3%
	3%

	Headache
	16%
	9%
	16%
	9%

	Dizziness
	13%
	16%
	9%
	3%


Source:  Stauffer J, et al. (2009)10
The most common adverse events reported in phase 2 and 3 studies (>10%) were constipation, nausea and somnolence (Table 2).  Common adverse events that occurred in >1%, but < 10% of the population in these trials included vomiting, headache, dizziness, pruritis, dry mouth, diarrhea, fatigue, insomnia, anxiety, muscle spasms, tremor and restlessness.1
Table 2: Treatment-Emergent Adverse Events (TEAEs) (Reported >5% of Patients) during the Titration and Maintenance Periods [From Phase 3 Study]
	Most common TEAE’s

AE, N (%)
	Morphine/naltrexone (titration) [N=547]
	Morphine/naltrexone (maintenance) [N=171]
	Placebo (maintenance)
 [N= 173]

	Constipation
	167 (30.5)
	12 (7)
	7 (4)

	Nausea
	115 (21)
	20 (11.7)
	13 (7.5)

	Somnolence
	78 (14.3)
	2 (1.2)
	5 (2.9)

	Vomiting
	50 (9.1)
	12 (7)
	4 (2.3)

	Dizziness
	47 (8.6)
	3 (1.8)
	3 (1.7)

	Pruritis
	38 (6.9)
	1 (0.6)
	1 (0.6)

	Headache
	33 (6)
	12 (7)
	6 (3.5)

	Dry mouth
	31 (5.7)
	3 (1.8)
	2 (1.2)

	Diarrhea
	15 (2.7)
	21 (12.3)
	21 (12.1)

	Rhinorrhea
	2 (0.4)
	4 (2.3)
	12 (6.9)


Source:  Katz N, et al. (2010)12
Other Adverse Events
Other adverse events that are less common (<1%) include blurred vision, orthostatic hypotension, pancreatitis, drug withdrawal syndrome, nervousness, elevated liver function tests, urinary retention and rash.1
In addition, talc has been included as an excipient in this product. Due to the added talc, local tissue necrosis, infection and other serious symptoms may occur in abusers who attempt to use morphine/naltrexone parenterally.2
Tolerability
Morphine/naltrexone was generally well tolerated in adult patients with chronic moderate to severe nonmalignant pain in clinical trials of up to 1-year duration with an adverse event profile typical of morphine therapy.13 

For further details on the safety results of the clinical trials, refer to Appendix A: Clinical Trials (pages 14-15)
Postmarketing Safety Experience 
In Table 3 below, the adverse reactions from a long-term study are listed for morphine/naltrexone by system organ class. The most common adverse reactions overall include constipation, nausea and vomiting.  
Table 3: Adverse Reactions Reported by > 2% of Patients in Long-Term Safety Study 

	System Organ Class 
	Morphine/Naltrexone (N=465); N (%)

	Any related AE
	288 (61.9%)

	GI disorders

--Constipation

--Diarrhea

--Dry mouth

--Nausea

--Vomiting
	219 (47.1%)

--145 (31.2%)

--10 (2.2%)

--17 (3.7%)

--103 (22.2%)

--37 (8%)

	General disorders and administration site conditions

--Fatigue
	51 (11%)

--19 (4.1%)

	Nervous system disorders

--Dizziness

--Headache

--Somnolence
	99 (21.3%)

--19 (4.1%)

--32 (6.9%)

--34 (7.3%)

	Psychiatric disorders

--Anxiety

--Insomnia
	42 (9%)

--10 (2.2%)

--13 (2.8%)

	Skin and subcutaneous tissue disorders

--Hyperhidrosis

--Pruritus
	52 (11.2%)

--16 (3.4%)

--26 (5.6%)


Source:  EmbedaTM (morphine sulfate and naltrexone hydrochloride) Prescribing Information1
Table 4: Look-alike/Sound-alike (LA /SA) Error Risk Potential 
As part of a JCAHO standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from four data sources (Lexi-Comp, USP Online LASA Finder, First Databank, and ISMP Confused Drug Name List, February 2011), the following drug names may cause LASA confusion:
	NME Drug Name*
	Lexi-Comp
	First DataBank
	USP
	ISMP
	Clinical Judgment

	Morphine Sulfate 
	Hydromorphone

Magnesium sulfate


	Hydromorphone


	Hydromorphone

Magnesium sulfate

Meperidine

Methadone

Oxycontin
	hydromorphone


	Various morphine products

	Naltrexone HCL
	Methylnaltrexone
Naloxone
	None
	None
	None
	

	Morphine/Naltrexone
	None
	None
	None
	None
	Emend


*The combination drug name morphine-naltrexone would likely have a different LASA propensity.  Since morphine is listed first in the drug name, there may be a slightly higher propensity for mix-up with other morphine products.

Cost Analysis
In Table 5, acquisition costs are listed for various doses of morphine/naltrexone and extended-release morphine sulfate. The annual cost for 120 mg/day of morphine/naltrexone is $4672 vs. $161 for sustained action morphine sulfate. 
Table 5: Acquisition Costs
	Dosage
	Price/tablet
	Cost/Day/Patient ($)
	Cost/Year/Patient ($)

	Fixed-Dose Combination Morphine/Naltrexone ER (Embeda)
	

	20/0.8 mg once daily to BID (20–40 mg/d)
	$2.94
	$2.94 - $5.88
	$1073 - $2146

	30/1.2 mg once daily to BID (30–60 mg/d)
	$3.20
	$3.20 - $6.40
	$1168 - $2336

	50/2 mg once daily to BID (50–100 mg/d)
	$5.34
	$5.34 - $10.68
	$1949 - $3898

	60/2.4 mg once daily to BID (60–120 mg/d)
	$6.40
	$6.40 - $12.80
	$2336 - $4672

	80/3.2 mg once daily to BID (80–160 mg/d)
	$8.52
	$8.52 - $17.04
	$3110 - $6220

	100/4 mg once daily to BID (100–200 mg/d)
	$10.68
	$10.68 - $21.36
	$3898 - $7796

	Morphine sulfate SA  (Generic)
	

	15 mg:  3 tab BID (90 mg/d)
	$0.08
	$0.48
	$175

	30 mg:  1 tab TID (90 mg/d)
	$0.13
	$0.39
	$142

	60 mg:  1 tab BID (120 mg/d)
	$0.22
	$0.44
	$161


Lowest VA prices as of 14 April 2011

Table 5A illustrates the least expensive prices of the same daily dose of morphine/naltrexone and six alternative sustained-action morphine sulfate products.  Morphine/naltrexone ranges from $3.20 to $12.14 per day versus $0.11 - $0.51 per day for generic sustained-action morphine sulfate for doses of 30, 60 and 120 mg/day. 
Table 5A: 
Acquisition Costs Comparing Morphine Sulfate SA Products to Morphine/Naltrexone ER
	Daily Dose
(mg/d)
	No. of Pills x Strength
	Morphine / Naltrexone ER Cap
(1–2 x/d)
	Avinza ER Cap
(1 x/d)
	Kadian ER Cap
(1–2 x/d)
	Morphine SA Tab
(2–3 x/d)
	MS Contin CR Tab
(2–3 x/d)
	Oramorph SR Tab
(2 x/d)

	30 
	2 x 15 mg
	—
	—
	—
	$0.16
	$1.39
	$0.24

	
	1 x 30 mg
	$3.20
	$2.37
	$2.05
	$0.11
	—
	—

	60 
	4 x 15 mg
	—
	—
	—
	$0.32
	$2.78
	$0.48

	
	2 x 30 mg
	$6.06
	$4.74
	$4.10
	$0.26
	$2.50
	$0.42

	
	1 x 60 mg
	$6.07
	$4.56
	$4.09
	—
	—
	—

	120 
	4 x 30 mg
	$12.12
	$9.48
	$8.21
	$0.51
	$5.02
	$0.85

	
	2 x 60 mg
	$12.14
	$9.12
	$8.18
	$0.44
	5.92
	$0.46


Conclusions
In non-opioid–dependent recreational opioid users, relative to morphine alone, morphine/naltrexone when taken as crushed pellets was shown in a pharmacodynamic study to reduce drug liking. When injected simultaneously as separate drugs (to simulate intravenous drug abuse), morphine plus naltrexone was shown to reduce euphoria. Because of interindividual variability in response to opioids, however, some individuals may not experience a reduction in drug liking or euphoria. There is no deterrent feature in morphine/naltrexone ER capsules that prevents or discourages a user from taking the whole capsule in excessive amounts or mixing it with other medications. Crushing or chewing the pellets may result in uncontrolled release of drug, possible morphine overdose and/or, in opioid-dependent individuals, naltrexone-precipitated opioid withdrawal. Morphine/naltrexone has not been studied to determine whether naltrexone can be absorbed nasally or whether it may deter drug abusers from snorting opioids. Epidemiologic studies are needed to determine whether, and the extent to which, morphine/naltrexone with its tamper-resistant and injection-deterrent features actually reduces abuse (i.e., is abuse-deterrent) and improves public safety.  Patients being treated with opioids for pain management and who are known to be actively abusing or misusing opioids in a manner that suggests addiction should have their opioids tapered and discontinued, rather than placed on a tamper-resistant opioid product like morphine/naltrexone ER capsules.

With regard to pain relief, morphine/naltrexone produces similar analgesic efficacy and adverse effect profile to those of morphine sulfate SA,11-13 but at a much higher drug acquisition cost. 
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Appendix A:  Clinical Trials
A literature search was performed on PubMed/Medline (2005 to March 2010) using the search terms morphine, naltrexone and morphine/naltrexone. The search was limited to studies performed in humans and published in English language. Reference lists of review articles and the manufacturer’s AMCP dossier were searched for relevant clinical trials. All randomized controlled trials published in peer-reviewed journals were included.

Efficacy Measures

The Brief Pain Inventory (BPI) average pain scores (0=no pain and 10=worst pain) were used.  More specifically, BPI scores for worst pain in the last 24 hours, least pain in the last 24 hours, average pain over the past 24 hours and current pain at the time of assessment were used as efficacy measures.  The daily scores were averaged over 7-day intervals to obtain weekly scores.  Other measures include the change in in-clinic patient-rated pain intensity over the past 24 hours during each visit, patient responder rates (defined as > 30% improvement from titration baseline for in-clinic average pain until week 12) and changes from baseline in pain. All of the scales that were used in the trials are an objective way to record subjective results.  Each patient’s tolerance of pain is different and this is the major drawback for all of the scales used. 

Summaries of Studies

Study 101: To determine the single-dose pharmacokinetics of morphine/naltrexone, a phase 1, open-label, single-dose, two-sequence, crossover comparative bioavailability study was performed.3 Patients received either morphine/naltrexone 100 mg/4mg or extended-release morphine sulfate (ERMS)[Kadian] 100 mg and morphine blood levels were measured pre-dose and 72 hours post-dose. For all 34 patients who completed the study, the AUC and Cmax for serum morphine levels comparing morphine/naltrexone to ERMS were within the 80-125% range of equivalent relative bioavailability. The overall incidence of side effects was similar between the morphine/naltrexone and ERMS groups (83.3% and 82.4%, respectively).  

Study 102: To determine the pharmacokinetics of morphine/naltrexone 100 mg fasting, fed and sprinkled on applesauce, a phase 1, open-label, single-center, randomized three-way crossover comparative bioavailability study was performed.4 For the 32 patients who completed the study, it was found that the pharmacokinetics of morphine/naltrexone (AUC, Cmax) was similar for both sprinkled and intact capsules under fasting conditions.  However, the rate and extent of bioavailability (Cmax) was lower in patients who were given morphine/naltrexone with food versus morphine/naltrexone under fasting conditions. The overall incidence of adverse effects was: 25 patients (71.4%) for sprinkled morphine/naltrexone, 18 patients (54.5%) with morphine/naltrexone fed and 22 patients (64.7%) with morphine/naltrexone fasting.  The most common side effects in the sprinkled morphine/naltrexone group were nausea, dizziness and vomiting (42.9%, 42.9%, and 40%). 

Study 103: To determine the effect of alcohol on the pharmacokinetics of morphine/naltrexone, a phase 1, single-center, randomized, open-label drug interaction study was performed.5 The study was a four-way crossover, four-sequence pharmacokinetic trial between morphine/naltrexone 60 mg and water or four shots of alcohol (4%, 20% or 40%) under fasting conditions. From the 31 patients who finished the study, it was found that the rate and extent of bioavailability was not affected by morphine/naltrexone with 4% or 20% alcohol versus morphine/naltrexone with water. However, the rate and extent of bioavailability doubled and Tmax peaked 5 hours earlier when morphine/naltrexone was given with 40% alcohol versus morphine/naltrexone with water. Out of the 31 patients who completed the study, 23 reported adverse effects (74%). The most common adverse effects reported in the morphine/naltrexone and 40% alcohol group and included nausea, vomiting and dizziness (37.5%, 37.5% and 28.1%). 

Study 104: Another phase 1 study examined the pharmacokinetics of morphine/naltrexone crushed versus whole in a single-dose, randomized, open-label, three-way crossover, comparative oral bioavailability study.6 Patients received a single dose of morphine/naltrexone 60 mg (pellets, crushed and dissolved in apple juice), morphine/naltrexone 60 mg (whole capsule) or naltrexone 2.4 mg (oral solution in apple juice) under fasting conditions. Out of 23 patients who completed the study, it was shown that the extent and rate of exposure was different for crushed morphine/naltrexone (mean Cmax=24.5 ng/ml; median Tmax=2 hours) versus whole morphine/naltrexone (mean Cmax=7.7 ng/ml; median Tmax=7 hours). With crushed morphine/naltrexone, morphine plasma concentration peaked at about 26 ng/ml two to three hours post administration versus whole morphine/naltrexone which peaked at 8 ng/ml six hours post-administration. However, crushed morphine/naltrexone showed no extended-release properties.  With regard to safety, 15 out of 23 patients (63%) experienced at least one adverse event.  The most common were nausea (n=23; 10=whole, 8=crushed, 3=naltrexone) and emesis (n=23; 7=whole, 6=crushed, 2=naltrexone).

Study 106: A randomized, double-blind, placebo-controlled, three-way cross-over phase 1 trial was conducted to simulate intravenous abuse liability of morphine/naltrexone.7 Twenty eight non-dependent recreational opioid-users were randomized to 30 mg of IV morphine alone and 30 mg of IV morphine in combination with 1.2 mg of IV naltrexone to simulate parenteral use of crushed morphine/naltrexone.  The combination of morphine with naltrexone resulted in 71% of patients reporting a reduction in euphoria compared to IV morphine alone. Adverse effects were consistent with the expected side effects of morphine and included nausea, vomiting and pruritis (n=27; 11.1%, 3.7% and 3.7%).  No serious side effects were reported.


Study 107: To determine the pharmacokinetic and pharmacodynamic effects of increasing doses of naltrexone, a phase 1, open-label, single-center study was conducted.  However, no conclusions could be drawn from this study due to an inappropriate study design.8 

Study 903: This study is not published and is also not available per the manufacturer. The only information given was that it was a two-way crossover study involving eight patients to determine the effects of food on naltrexone.

Study 201: To determine the most effective and appropriate dose of naltrexone required to decrease the euphoria  associated with morphine administration, a phase 1, restricted-randomized, double-blind, crossover, placebo-controlled single center study was performed.9 Patients had a history of non-therapeutic recreational opiate use but were not dependent on opiates. Twenty seven patients were randomized and went through stages one and two.  In stage one, patients were given five treatments for two days each of morphine 120 mg and naltrexone solutions (2.4, 4.8, 9.6, 19.2 or 38.4 mg). In stage two, patients were given both placebo and morphine 120 mg along with placebo for two days each. As evidenced by the visual analogue scale (VAS) for drug liking, 4.8 mg of naltrexone was the lowest dose that consistently reduced morphine induced euphoria. Adverse effects were consistent with what was expected for both morphine 120 mg and naltrexone 2.4 mg with somnolence, nausea and vomiting most reported [n=22; 7 (31.8%), 5 (22.7%) and 4 (18.2%)].

Study 205: An important phase 1 trial was designed to determine the relative pharmacodynamic effects and safety of whole and crushed morphine/naltrexone 120 mg versus morphine sulfate solution (MSS) 120 mg and placebo.10 Rating scales and questionnaires such as the visual analog scale (VAS) for drug liking to rate subjective state and drug effects were used for morphine/naltrexone (crushed and whole). This randomized, double-blind, triple-dummy, four-way crossover, single-center study was performed in healthy, opiate experienced, non-dependent volunteers. Thirty two patients were randomized to receive two whole capsules (active or placebo) and two beverages (active or placebo). Pharmacokinetic analysis showed that morphine concentration sharply increased after MSS and crushed morphine/naltrexone one hour post-administration. However, morphine/naltrexone given whole demonstrated a slow and stable release.  Also, for crushed morphine/naltrexone only, both naltrexone and 6-β-naltrexol concentrations peaked at one hour post-administration. Pharmacodynamic results indicated that the MSS produced significantly more euphoria than crushed morphine/naltrexone despite similar plasma levels.  With MSS, the mean positive effects (VAS-drug liking scores) peaked at 1.5 hours post administration and were significantly elevated versus placebo. Morphine/naltrexone, both whole and crushed, resulted in a lower level of response and flatter profile versus MSS for VAS-drug liking scores (67.6 and 68.1 vs. 89.5 for IR morphine; p<0.001). Other rating scales that were statistically significant for morphine/naltrexone (whole and crushed) versus MSS included Cole Addiction Research Inventory (ARI) Abuse Potential (5.9 and 6.3 vs. 8.7), Stimulation-Euphoria (10.8 and 11.9 vs. 18.4), and Subjective Drug Value. However, the clinical importance of the extent of reduction in subjective effects with morphine/naltrexone is yet to be established.  There is no evidence to prove that the naltrexone component reduces abuse of the morphine component. 

Study 202: A multicenter, randomized, double-blind, crossover, phase 2 study assessed pharmacokinetics, efficacy, and safety of morphine/naltrexone compared to extended-release morphine sulfate (ERMS)[Kadian] capsules in 72 adults with osteoarthritis pain.11 Patients were randomized to two, 14-day trials of ERMS or morphine/naltrexone separated by seven days of open-label ERMS.  Pain control was maintained to a similar extent over the 14-day period in the morphine/naltrexone group versus the extended-release morphine sulfate (ERMS) group as assessed by the in-clinic and BPI pain scores. Morphine/naltrexone and ERMS patients experienced similar in-clinic mean pain intensity scores after seven (2.4 vs. 2.3) and 14 days (2.3 vs. 2.4; p=0.31) of treatment. Also, the mean changes from baseline in daily BPI scores for worst, least, average and current pain scores showed no significant differences between the groups.  The most common side effects from morphine/naltrexone therapy were constipation, nausea and somnolence (15.5%, 9.9% and 9.9%).

Study 301: A 12-week, randomized, double-blind, placebo-controlled, multicenter, enriched-enrollment, randomized withdrawal outpatient phase 3 study assessed the safety and efficacy of morphine/naltrexone compared to placebo.12 After completion of the titration phase, patients were randomized to receive morphine/naltrexone or placebo. Change from baseline in Brief Pain Inventory (BPI) scores was statistically significant for morphine/naltrexone compared to placebo (p=0.045). Adverse event profiles were similar for morphine/naltrexone compared to placebo with the most common side effects being nausea, constipation and vomiting (11.7%, 7.0% and 7.0%).

Study 302:  A long-term open-label phase 3 trial examined the safety and efficacy or morphine/naltrexone in patients with chronic, moderate-to-severe pain.13 Out of 465 patients who entered the study, 160 completed the study. The most common adverse effects were constipation (31.8%) and nausea (25.2%). The Clinical Opiate Withdrawal Scale (COWS) was used and 5% or fewer patients had scores indicating mild withdrawal during each visit. Morphine/naltrexone had statistically significant improvements versus placebo in mean scores for all pain items (worst, least, average and current; p < 0.05). The reduction of in-clinic pain was also statistically significant versus placebo [1.5(2.3) vs. 0.7(2.3); p=0.002]. Finally, morphine/naltrexone was associated with improved pain scores from baseline until week 28. 
Phase 3, Multicenter, Open-label study
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	Study Goals
	Primary objective: To evaluate the long-term safety of morphine/naltrexone administered for up to 12 mo to pts w/chronic, moderate-to-severe pain 

Secondary objectives: To evaluate long-term efficacy of morphine/naltrexone & to assess for the presence of any opioid withdrawal sx

	Methods
	Study Design 

12-mo Tx Phase & F/U visit approximately 1 mo after the end of the Tx Phase.  Opioid-naïve pts started w/ 40 mg/day (20 mg BID). Opioid-experienced pts were converted to morphine/naltrexone starting dose equivalent to 50-75% of current opioid requirements (based on avg daily dose and rescue dosing over the wk prior). There was no max allowable dose. Clinical Opiate Withdrawal Scale (COWS) used to evaluate signs and sx of opioid withdrawal at baseline and all study visits.

Data Analysis

Intent to treat analysis

	Criteria
	Inclusion criteria

-Male, postmenopausal, non-pregnant, non-breastfeeding females, 18-70 yo w/chronic (>3 mo), moderate-to-severe pain (ex: OA, CLBP w/ or w/out radiculopathy, DPN, PHN) who were otherwise healthy

Exclusion criteria

-Dx of CA w/in past 3 yrs; pain d/t malignancy, fibromyalgia, migraine, recent trauma, infection, or those who had received recent surgical or parenteral Tx for their condition

-Pain interventions w/in previous mo, epidural/local CS injections w/in 2 mo, PO or IM CS w/in 90 days

-Tx w/phenothiazines, MAO-I’s, high doses of sedatives, hypnotics or tranquilizers 

-H/O alcohol or drug abuse w/in past 5 yrs

-Medical/psychiatric illness, diagnostic/lab abnormality that would interfere w/study or pose risk to pt

-LFT’s > 3 x ULN

	Results
	Total of 467 patients enrolled; 465 received at least 1 dose (intent-to-treat); 160 completed study. Average daily dose:  84.6 mg; range, 1.2 to 963.6 mg. Mean duration of exposure to study drug:  180 d; range, 1 to 380 d.
 Primary objective: safety
--COWS: small # of pts had mild withdrawal from week 4 (n=16; 4.8%) to mo 6 (n=3, 1.4%). No elevation of scores at end of study. 378/465 (81.3%) reported > 1 Tx-emergent adverse events (TEAE’s). Most common TEAE’s: 

Event

Overall (N=465); n (%)

Constipation

145 (31.2%)

Nausea

103 (22.2%)

Vomiting

37 (8%)

Secondary objectives: efficacy
--Mean change from baseline in all 4 pain diary items (worst, least, average and current) was significant for all visits. Percent change from baseline pain scores ↓ until week 28, and then remained stable.

	Conclusions
	Long-term once-or twice-daily Tx with morphine/naltrexone (mean avg daily dose of 58.6 mg) for up to 12 mo (mean = 180.3 ± 152.1 days; median = 135 days) in patients w/chronic, moderate-to-severe pain was generally safe and efficacious in this open-label study.

	Critique
	Strengths: Examined multiple types of chronic pain (not just OA) which better represents the VA population, converted pts from previous opioid to morphine/naltrexone correctly, longer trial (12-mo)

Limitations:  No comparator arm, pts not randomized, dose adjustments based on investigator discretion; Population not characteristic of VA population – 52.7% women, only 30% had comorbid depression 

Quality Rating: Jadad score = 1 out of 5; GRADE rating = low


CA: cancer; CLPB: chronic low-back pain; CS: corticosteroids DPN: diabetic peripheral neuropathy; Dx: diagnosis; F/U: follow-up; H/O: history of; LFT’s: liver function tests; Mo: months; OA: osteoarthritis; PHN: postherpetic neuralgia; Pts: patients; Sx: symptoms; Tx: treatment; ULN: upper limit of normal; Wk: week

Phase 3, Multicenter, RCT
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	Study Goals
	Primary efficacy outcome: Change in pain diary avg-pain scores, using the Brief Pain Inventory (BPI) short form, from randomization baseline to completion of the maintenance period.  

Secondary objectives: Opioid withdrawal sx using the Clinical Opiate Withdrawal Scale (COWS) and Subjective Opiate Withdrawal Scales (SOWS), at weeks 0, 1, and 2 of the maintenance period.

	Methods
	Study Design 

A 12-week, randomized, double-blind, placebo-controlled, multicenter, enriched-enrollment, randomized withdrawal outpatient study. Opioid-naïve patients started with 20 mg/day. Opioid-experience patients were started on 20mg BID. Max dose of 160mg/day.

Data Analysis

Intent to treat analysis

	Criteria
	Inclusion criteria

-Men and women ≥ 21 years w/ a primary dx of functional Class I-III OA of the hip or knee, met American College of Rheumatology clinical classification criteria for OA pain of the hip or knee; who were otherwise healthy 

-Required Tx of chronic joint pain w/in the last 90 days and were unable to obtain pain control with non-opioid analgesics, tramadol, or another opioid at a dose equivalent ≤ 40 mg/day of PO morphine.

-Women of childbearing age with a negative pregnancy test at screening and practicing an appropriate method of birth control
Exclusion criteria

-H/O drug or alcohol abuse or dependence w/in the past 5 years

-Positive urine toxicology test for illicit drugs or non-prescribed controlled substances at screening

-Allergy, intolerance, or non-responsiveness to opioids

-H/O uncontrolled MDD or any condition that would interfere with or confound the study or result or pose patient risk

-Injury to the target joint within 12 wks prior to screening

-Documented H/O RA, inflammatory arthritis, or NSAID-dependent inflammatory arthritis

	Results
	Total of 547 patients enrolled; 344 entered the maintenance period and received at least 1 dose (intent-to-treat)                            

Primary objective: efficacy

--The mean change in BPI average-pain score from randomization baseline was statistically significant with morphine/naltrexone vs. placebo (-0.2 ± 1.9 v +0.3 ± 2.1; p=0.045). Morphine/naltrexone grp also experienced a small ↓ in pain scores while the placebo grp experienced a small ↑ compared with randomization baseline.

Secondary objectives: safety

--No patient experienced opioid withdrawal while taking morphine/naltrexone as directed

--During the maintenance period, the incidence of AE’s was similar between the morphine/naltrexone and placebo grps (53.2% v 48.6%, respectively, p=0.391)

Event

Placebo (n=173)

Morphine/naltrexone (n=171)

Constipation

7 (4.0%)

12 (7.0%)

Nausea

13 (7.5%)

20 (11.7%)

Vomiting

5 (2.9%)

12 (7.0%)



	Conclusions
	12-wk morphine/naltrexone Tx in pts w/chronic, moderate-to-severe pain d/t OA of the hip or knee was significantly more efficacious vs. placebo in maintaining pain relief w/similar adverse event profiles. 

	Critique
	Strengths: Randomized, double-blinded during maintenance period, adequate sample size

Limitations:  Dosing based on investigator discretion for starting doses in opioid-experienced patients, exclusion of opioid-dependent patients, only studied patients with OA, most common cause of opioid use in VA pts is not OA
Quality rating: Jadad score = 5; GRADE rating = high


D/t=due to; Dx=diagnosis; Grp=group; H/O=history of; MDD=major depressive disorder; OA=osteoarthritis; PO=oral; RA=rheumatoid arthritis; Sx=symptoms; Tx=treatment; Wk=week 
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