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Purpose: To evaluate the safety and efficacy of oral methylnaltrexone for opioid-induced 

constipation (OIC).

Patients and methods: This was a post hoc analysis of patients receiving methadone in 

a randomized, double-blind, placebo-controlled, Phase 3 trial. The trial included adults with 

chronic noncancer pain for ≥2 months receiving opioid doses ≥50 mg/day of oral morphine 

equivalents for ≥14 days and with a history of OIC. Patients were assigned to oral methylnal-

trexone (150, 300, or 450 mg) or placebo once daily (QD) for 4 weeks followed by 8 weeks 

as needed. Percentage of dosing days that resulted in a rescue-free bowel movement (RFBM) 

within 4 hours of dosing was assessed during QD dosing (primary efficacy endpoint). Other 

endpoints included percentage of responders (ie, ≥3 RFBMs/week, with an increase of ≥1 RFBM/

week from baseline for ≥3 of the 4 weeks) during QD dosing and change in weekly number of 

RFBMs. Adverse events were assessed.

Results: Concomitant methadone was reported in 120 patients (oral methylnaltrexone: 150 mg 

[n=33], 300 mg [n=30], and 450 mg [n=31]; placebo [n=26]). Oral methylnaltrexone-treated 

patients had significant increases in mean percentage of dosing days with RFBMs within 4 

hours of dosing during weeks 1–4 with 300 mg (33.6%; P<0.01) and 450 mg (38.2%; P<0.001) 

vs placebo; improvements with 150 mg (20.0%) vs placebo (15.1%) did not reach statistical 

significance. The percentage of responders was greater vs placebo, but not significant, for the 

higher doses during the QD period (150 mg [39.4%], 300 mg [60.0%], 450 mg [67.7%], and 

placebo [38.5%]). Change from baseline in the mean number of weekly RFBMs (weeks 1–4) 

was significantly greater with oral methylnaltrexone 450 mg vs placebo (least-squares mean 

difference vs placebo, 1.2; P=0.04); no significant differences were found for 300 or 150 mg. 

Oral methylnaltrexone was well tolerated at all doses; few patients discontinued treatment.

Conclusion: Oral methylnaltrexone, particularly 450 mg, was efficacious and safe for treating 

OIC in these patients.

Keywords: methylnaltrexone, methadone, opioid-induced constipation, µ-opioid receptor 

antagonist, chronic pain

Introduction
Opioid analgesic drugs activate receptors in the gastrointestinal (GI) tract, slowing GI 

transit and leading to opioid-induced constipation (OIC).1,2 OIC is caused largely by 

activation of enteric µ-opioid receptors resulting in decreased neurotransmitter release 

that alters GI function leading to impairment of motility and water resorption.3–6 It is 

consistently reported to be the most common and undesirable GI side effect in patients 
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receiving opioids for chronic noncancer pain, with treatment 

duration being a major risk factor for development.7–9 While 

over-the-counter laxatives are usually the first-line treatment 

for OIC, they do not address the underlying pathophysiology 

and may themselves cause side effects.5,7,8,10,11

Methylnaltrexone (Relistor®; Salix Pharmaceuticals, a 

division of Valeant Pharmaceuticals North America LLC, 

Bridgewater, NJ, USA) tablets and subcutaneous (SC) injec-

tion are approved for the treatment of OIC in adults with 

chronic noncancer pain, including patients with chronic pain 

related to prior cancer or its treatment who do not require 

frequent (eg, weekly) opioid dosage escalation.12 The efficacy 

and safety of SC-administered methylnaltrexone for the treat-

ment of OIC have previously been demonstrated in patients 

with advanced illness receiving palliative care and in patients 

with chronic noncancer pain.13–16 The efficacy and safety of 

the oral formulation were demonstrated for the treatment 

of OIC in patients with chronic noncancer pain,17 and this 

formulation received US Food and Drug Administration 

approval for this indication in July 2016.12

Several oral pharmacologic therapies are currently 

available for the treatment of OIC in patients with chronic 

noncancer pain that act specifically on GI receptors including 

lubiprostone (a chloride channel activator) and naloxegol and 

methylnaltrexone (both µ-opioid receptor antagonists).12,18,19 

Naloxegol is a specific µ-opioid receptor antagonist that, 

when administered at recommended dosing, antagonizes the 

μ-receptor in the GI tract, thereby decreasing the constipat-

ing effects of opioids.20 Methylnaltrexone is also a µ-opioid 

receptor antagonist; however, it has been developed as a 

quaternary amine, which restricts its ability to cross the 

blood–brain barrier based on its chemical structure, allowing 

this agent to effectively reduce the symptoms of OIC without 

affecting the analgesic effects of opioid medications.12,21,22

Because of the variable effects of pharmacologic therapies 

for the treatment of OIC in patients receiving methadone,18,19 

the present study reports on a post hoc analysis from the 

pivotal Phase 3 clinical trial of oral methylnaltrexone in 

patients with chronic noncancer pain and OIC to determine 

the efficacy and safety of methylnaltrexone in a subset of 

patients concomitantly receiving methadone.

Patients and methods
Study description
This post hoc analysis of a Phase 3, randomized, placebo-

controlled, double-blind trial was conducted at 117 sites in 

the US between September 2010 and November 2011 to 

evaluate the efficacy and safety of oral methylnaltrexone for 

OIC in a subgroup of patients receiving methadone for the 

treatment of their chronic noncancer pain (ClinicalTrials.gov 

identifier: NCT01186770).17 The study protocol and informed 

consent form were reviewed and approved by applicable 

institutional review boards (Meritus Medical Center Insti-

tutional Review Board, Hagerstown, MD; Partners Human 

Research Committee, Boston, MA; Quorum Review IRB, 

Seattle, WA; Schulman Associates IRB, Inc., Cincinnati, OH; 

SDHIPM IRB, San Diego, CA; University of Utah IRB, Salt 

Lake City, UT). This trial was conducted in full accordance 

with the ethical principles in the Declaration of Helsinki; 

the International Council for Harmonization Good Clinical 

Practice (ICH GCP) guidelines, Code of Federal Regulations 

50, 56, and 312; and all other applicable laws and regulations. 

All patients who participated in this trial provided written 

informed consent prior to study enrollment.

Patients
Key inclusion criteria
Male and female outpatients ≥18 years of age with a docu-

mented history of chronic nonmalignant pain for ≥2 months 

and receiving ≥50 mg/day of oral morphine-equivalent doses 

for at least 14 days and a history of OIC were eligible for 

inclusion in the study. Patients were required to have had 

no history of chronic constipation before starting opioid 

therapy. OIC was confirmed during the 2-week screening 

period, defined as less than three rescue-free bowel move-

ments (RFBMs) plus ≥1 of the following: ≥25% of RFBMs 

categorized as type 1 or type 2 on the Bristol Stool Form 

Scale;23 straining during ≥25% of RFBMs or ≥25% of 

RFBMs with a sensation of incomplete evacuation. Patients 

were required to be taking laxative therapy for ≥30 days and 

willing to discontinue all laxative therapy at the start of the 

screening period, except study-permitted rescue laxatives 

throughout the study. Patients who were not surgically ster-

ile or were not postmenopausal were required to commit to 

the use of a medically acceptable method of birth control or 

sexual abstinence for the duration of the study, including 30 

days after the last dose of study treatment.

Key exclusion criteria
Patients were excluded from the study if they had ever been 

treated with oral methylnaltrexone or SC methylnaltrexone 

in the previous 30 days. Additional criteria for exclusion 

included patients with a WHO performance status >2 and 

women who were pregnant or breastfeeding; a history of 

mechanical bowel obstruction or megacolon; fecal incon-

tinence, rectal prolapse, fecal ostomy, inflammatory bowel 
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disease, or other clinically significant GI disorders; rectal 

bleeding within 60 days of providing consent, which was 

not associated with hemorrhoids or fissures; the need for 

manual disimpaction or pelvic floor support techniques, 

including manual maneuvers, within 14 days before the 

screening visit; or the presence of rectal outlet obstruc-

tion or fecal impaction at screening visit. Additional 

exclusion criteria included a history of substance abuse 

in the past year; any unstable hepatic, renal, pulmonary, 

cardiovascular, ophthalmologic, neurologic, psychiatric, 

or any other medical condition that might have compro-

mised the study or increased the risk of participation; 

a history or presence of symptomatic orthostatic hypo-

tension or any other clinically significant abnormalities 

on screening physical examination, electrocardiogram, 

or laboratory tests; planned surgery during the study; a 

known allergy or other contraindication to opioids, opioid 

derivatives, or opioid antagonists; use of investigational 

treatments within 30 days before the screening visit; cur-

rent treatment with partial opioid agonists or combination 

agonists/antagonists; or a urine drug screen negative for 

the presence of opioids.

Study design and treatment
The study consisted of a 14-day screening period, a 28-day 

(4-week) period during which patients received treatment 

once daily (QD), a 56-day (8-week) period during which 

patients were administered treatment as needed (PRN), and 

a 14-day follow-up period. OIC was confirmed during the 

screening period. Patients were randomized to receive one 

of four treatment arms: placebo or oral methylnaltrexone at 

doses of 150, 300, or 450 mg QD. Patient treatment status 

was blinded to both the patient and the study staff. Oral 

bisacodyl tablets, up to three per day, were provided as 

rescue laxative treatment for patients who did not respond 

to active or placebo treatment, defined as no bowel move-

ment for three consecutive days during the screening and 

treatment periods.

Study assessments
The primary efficacy endpoint of the study was the mean 

percentage of dosing days that resulted in an RFBM within 

4 hours of dosing during weeks 1–4 (QD period). Second-

ary endpoints included the time to first RFBM after the 

first dose of study treatment, the percentage of responders 

(defined as those patients who had ≥3 RFBMs/week, with 

an increase of ≥1 RFBM/week from baseline for at least 3 

of the 4 weeks) during weeks 1–4 (QD period), and change 

in the weekly number of RFBMs from baseline during 

weeks 1–4 (QD period). Patients reported the date and time 

of all bowel movements, OIC symptom ratings, and rescue 

laxative use daily via telephone using an interactive voice 

response system.

Safety assessments
Adverse events (AEs) were assessed during the entire treat-

ment period, including the QD and PRN phases of the study.

Statistical analysis
This post hoc analysis included patients in the intent-to-treat 

and safety populations who received concomitant methadone 

for the treatment of their chronic pain during the study. The 

intent-to-treat population included all randomized patients 

who took ≥1 dose of the study drug. The safety population 

included all randomized patients who took ≥1 dose of the 

study drug.

The percentage of dosing days that resulted in RFBMs 

was compared between the four treatment groups using an 

analysis of covariance model with randomized dose group 

as a fixed effect and analysis center (analysis center refers 

to pooled or clustered study centers) as a covariate. Time-

to-event endpoints were estimated using the Kaplan–Meier 

method and compared using the log-rank test stratified by 

center. Analyses of responders were based on a logistic 

regression model with treatment as an effect and geographic 

region as a covariate. During the QD period, the change in 

weekly number of RFBMs from baseline was analyzed using 

an analysis of covariance model with treatment as an effect 

and geographic region and baseline values as covariates. AEs 

were coded using the Medical Dictionary for Regulatory 

Activities version 13.0.

Results
Patients
A total of 120 patients reported concomitant use of metha-

done, with approximately equal amounts of patients using 

methadone in each treatment group (oral methylnaltrexone: 

150 mg [n=33], 300 mg [n=30], and 450 mg [n=31]; placebo 

[n=26]). A similar percentage of patients who were on con-

comitant methadone completed the 12-week trial in all study 

groups (oral methylnaltrexone: 150 mg [13.4%], 300 mg 

[15.8%], 450 mg [12.7%]; placebo [14.1%]). The subgroup 

of patients using methadone included 68 women (57%), 

and averaged from 1.3 to 1.5 RFBMs per week at baseline. 

Demographic information and baseline characteristics are 

summarized in Table 1.
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Table 1 Demographic and baseline characteristics

Parameter Oral methylnaltrexone Placebo

150 mg 
(n=33)

300 mg 
(n=30)

450 mg 
(n=31)

(n=26)

Age, mean, years (range) 47.0 (18–68) 48.1 (24–66) 50.8 (25–71) 47.3 (24–61)
Sex, n (%)

Male
Female

12 (36.4)
21 (63.6)

17 (56.7)
13 (43.3)

10 (32.3)
21 (67.7)

13 (50.0)
13 (50.0)

Race, n (%)
White
Black
Other

29 (87.9)
3 (9.1)
1 (3.0)

26 (86.7)
2 (6.7)
2 (6.7)

28 (90.3)
3 (9.7)
0

25 (96.2)
1 (3.8)
0

Primary pain condition
Back pain
Joint/extremity pain
Arthritis
Neurologic/neuropathic pain
Fibromyalgia
Other

24 (72.7)
1 (3.0)
2 (6.1)
2 (6.1)
3 (9.1)
1 (3.0)

20 (66.7)
3 (10.0)
1 (3.3)
2 (6.7)
2 (6.7)
2 (6.7)

19 (61.3)
1 (3.2)
3 (9.7)
3 (9.7)
3 (9.7)
2 (6.5)

18 (69.2)
1 (3.8)
4 (15.4)
0
1 (3.8)
2 (7.7)

Median baseline MED, mg/day 
(range)

186.8 
(60–1,140)

269.8 
(72–2,289)

225.0 
(90–720)

170.3 
(60–600)

RFBMs per week, mean (SD) 1.5 (1.0) 1.3 (1.0) 1.4 (0.8) 1.3 (1.5)

Abbreviations: MED, morphine-equivalent dose; RFBMs, rescue-free bowel movements.

Efficacy
A significantly greater percentage of patients in the oral 

methylaltrexone 300 mg (33.6%; P<0.01) and 450 mg 

(38.2%; P<0.001) groups met the primary endpoint (mean 

percentage of dosing days that resulted in an RFMB within 

4 hours of dosing during weeks 1–4 during the QD period) 

compared with patients receiving placebo (15.1%). Patients 

in the oral methylnaltrexone 150 mg group also demonstrated 

improvements over placebo (19.9%); however, this improve-

ment was not significant. Significant improvements were 

noted in the treatment groups as early as week 1 and were 

maintained through the PRN period (Figure 1).

Figure 2 summarizes the time to achieve a f irst 

RFBM  for each treatment group and the placebo group. 

Although the time to achieve a first RFBM was shorter 

for patients treated with both oral methylnaltrexone 300 

and 450 mg, only the 300 mg dose produced a statistically 

significant response compared with placebo (P=0.02). 

During the QD period, there was a greater percentage of 

responders in the oral methylnaltrexone 300 mg (60.0%) 

and 450 mg (67.7%) groups compared with the placebo 

(38.5%) group; however, these differences were not sta-

tistically significant (Figure 3). Patients treated with oral 

methylnaltrexone 450 mg/day experienced a significant 

increase in the mean number of weekly RFBMs during 

the QD period of the study (least-squares mean difference 

[95% CI], 1.2 [0.1–2.3]; P=0.04) compared with patients 

receiving placebo; no significant increases in weekly 

RFBMs were observed for oral methylnaltrexone 300 or 

150 mg compared with placebo.

Safety
Oral methylnaltrexone was generally well tolerated. AEs 

reported in ≥8.0% of patients in any treatment group during 

the QD, PRN, and follow-up periods are summarized in Table 

2. The incidence of hyperhidrosis, a potential symptom of 

opioid withdrawal, was higher in the methylnaltrexone 150, 

300, and 450 mg/day groups (9.1%, 10.0%, and 3.2%, respec-

tively) compared with the placebo group (0%). Overall, two 

patients reporting concomitant methadone use discontinued 

from this study because of AEs: one patient treated with oral 

methylnaltrexone 300 mg/day discontinued because of upper 

abdominal pain and another patient treated with oral methyl

naltrexone 450 mg/day discontinued because of vertigo.

Discussion
Opioid analgesics, such as methadone, administered to 

treat moderate-to-severe noncancer pain, bind to μ-opioid 

receptors in the gut decreasing motility and secretion of 

electrolytes and water, with the end result being constipa-

tion.5 Previous studies have demonstrated that SC-injected 

methylnaltrexone is effective in relieving the symptoms of 

OIC in patients with advanced illness receiving palliative 

care and in patients with chronic noncancer pain. A recent 

Phase 3 study demonstrated the efficacy and safety of the oral 

formulation of methylnaltrexone with a significantly greater 
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Figure 1 The number of dosing days resulting in RFBMs increased during the QD phase in patients treated with methylnaltrexone, and those increases were maintained 
into the PRN phase.
Note: aP<0.05 vs placebo.
Abbreviations: PRN, treatment as needed; QD, once daily; RFBMs, rescue-free bowel movements.
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percentage of patients with chronic noncancer pain treated 

with oral methylnaltrexone 300 mg/day (24.6%; P=0.002) 

and 450 mg/day (27.4%; P<0.0001) experiencing an increase 

in mean percentage of dosing days that resulted in an RFBM 

within 4 hours of dosing during weeks 1–4 compared with 

patients receiving placebo (18.2%).17 The present post hoc 

analysis of that Phase 3 study evaluated the efficacy and safety 

of oral methylnaltrexone in patients with chronic noncancer 

pain concomitantly receiving methadone. The results of the 

present post hoc analysis are similar to the Phase 3 results 

of the overall population, in that a significantly greater 

percentage of patients concomitantly receiving methadone 

and treated with oral methylnaltrexone 300 mg/day (33.6%; 

P<0.01) and 450 mg/day (38.2%; P<0.001) achieved the 
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Table 2 AEsa in patients with chronic noncancer pain and OIC receiving methadone

Patients, n (%) Oral methylnaltrexone Placebo

150 mg 
(n=33)

300 mg 
(n=30)

450 mg 
(n=31)

(n=26)

Any AE 21 (63.6) 21 (70.0) 23 (74.2) 12 (46.2)
Abdominal pain
Nausea
Diarrhea
Flatulence
Hyperhidrosis
URTI
Fall
Upper abdominal pain

4 (12.1)
2 (6.1)
1 (3.0)
3 (9.1)
3 (9.1)
2 (6.1)
3 (9.1)
0

4 (13.3)
5 (16.7)
3 (10.0)
2 (6.7)
3 (10.0)
1 (3.3)
1 (3.3)
3 (10.0)

10 (32.3)
5 (16.1)
4 (12.9)
1 (3.2)
1 (3.2)
0
0
0

0
0
0
2 (7.7)
0
3 (11.5)
0
0

Note: aReported in ≥8.0% of patients in any treatment group during QD, PRN, and follow-up periods.
Abbreviations: AE, adverse event; OIC, opioid-induced constipation; PRN, treatment as needed; QD, once daily; URTI, upper respiratory tract infection.

Figure 3 The percentage of patients responding to methylnaltrexone treatment in 
each treatment arm showed a trend for higher methylnaltrexone doses to increase 
the odds of responding. 
Notes: aResponder was defined as a patient who had ≥3 RFBMs/week, with an 
increase of ≥1 RFBM/week from baseline for at least 3 of the first 4 weeks of the 
treatment period. P≥0.05 vs placebo for all methylnaltrexone doses.
Abbreviation: RFBM, rescue-free bowel movement.
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primary efficacy endpoint compared with patients receiv-

ing placebo (15.1%). The present results are also consistent 

with the efficacy results of a trial conducted in patients 

with methadone-induced constipation who experienced a 

laxation response after administration of intravenous methyl

naltrexone and significantly improved oral–cecal transit times 

compared with patients receiving placebo (P<0.001) with no 

opioid withdrawals and no significant AEs.24

Overall, in the post hoc analysis, the incidence of AEs was 

slightly higher in patients treated with oral methylnaltrexone 

over the entire study period (QD and PRN treatment periods) 

than in patients receiving placebo. In the primary Phase 

3 results of the overall population, the incidence of AEs 

was assessed separately for the QD and PRN periods and 

was similar for patients treated with oral methylnaltrexone 

(range of 42.0%–45.3% of patients for the QD period and 

38.8%–44.3% of patients for the PRN period) compared with 

those receiving placebo (44.3% of patients for the QD period 

and 43.0% of patients for the PRN period).17

OIC is common in patients receiving opioid analgesics 

for chronic noncancer pain and can often be treated with 

oral agents including lubiprostone.18,19 However, previous 

studies have indicated that lubiprostone may have decreased 

efficacy in patients taking concomitant methadone.18,25,26 In 

a post hoc subgroup analysis of two clinical trials, patients 

with chronic noncancer pain treated with lubiprostone and 

concomitantly receiving methadone had a lower spontaneous 

bowel movement response compared with patients treated 

with other opioid agonists.26

Studies have demonstrated that treatment of OIC with 

methylnaltrexone does not affect opioid-mediated analge-

sia.21,24,27 In a study by Webster et al, patients with chronic 

noncancer pain with OIC treated with SC methylnaltrexone 

experienced a stable median daily morphine-equivalent dose 

and pain intensity score and lacked any clinically meaningful 

central opioid withdrawal, indicating that methylnaltrexone 

does not reduce opioid-mediated analgesia or precipitate 

opioid withdrawal.27

The results of this study are encouraging, although they 

may be limited by the small number of patients in each treat-

ment group. The primary outcome of number of days with 

an RFBM was correlated with the dose of methylnaltrexone 

administered, as were the time to achieve a first RFBM and 

the percentage of responders in each treatment group. A larger 

study may have been able to differentiate between these doses.

Conclusion
Although the number of patients in this analysis was small, 

oral methylnaltrexone, particularly the 450 mg dose, was 

effective at treating OIC in patients taking concomitant meth-

adone. In addition, this agent was well tolerated at all doses 

and few patients discontinued treatment during the study.
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