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Abstract

Methylnaltrexone, a peripherally acting mu-opioid receptor antagonist with restricted ability
to cross the blood-brain barrier, reverses opioid-induced constipation (OIC) without affecting
analgesia. A double-blind study in patients with advanced illness and OIC demonstrated
that methylnaltrexone significantly induced laxation within four hours after the first dose
compared with placebo. In this study, patients with advanced illness and OIC on stable doses
of opioids and laxatives were randomized to methylnaltrexone 0.15 mg/kg (n¼ 62) or
placebo (n¼ 71) subcutaneously every other day for two weeks. Laxation was assessed daily.
Constipation distress, bowel status change, pain, laxative use, and opioid withdrawal
symptoms were assessed weekly using standardized scales. Additional analyses to further
characterize response to methylnaltrexone revealed that among patients with a bowel
movement within four hours following the first dose, the median time to response was 0.5
hours for methylnaltrexone. Response rates among methylnaltrexone-treated patients who had
responded to all previous doses were 57%e100% for doses two to seven. Among
methylnaltrexone-treated patients who did not respond to the first or to the first two
consecutive doses, 35% and 26% responded to the second and third dose, respectively.
Higher percentages of patients and clinicians rated bowel status as improved in the
methylnaltrexone than the placebo group. Fewer methylnaltrexone than placebo patients
reported use of common laxative types, particularly enemas, during the study. Subcutaneous
methylnaltrexone promptly and predictably induced laxation, improved constipation distress,
and was associated with less laxative use in patients with advanced illness and
OIC. J Pain Symptom Manage 2009;38:683e690. � 2009 U.S. Cancer Pain Relief
Committee. Published by Elsevier Inc. All rights reserved.
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Introduction

Pain is a common and distressing symptom
among patients with advanced illness. Effective
management of pain often requires the use of
opioids. However, opioids are associated with
well-recognized and often distressing adverse
effects, including sedation, nausea, and consti-
pation.1 Although tolerance develops to most
of these unwanted effects with chronic use,
constipation, which occurs in as many as 90%
of patients treated with opioids,2 is the excep-
tion, typically persisting as long as the opioids
are in use.1,3 Laxatives are routinely used to
manage opioid-induced constipation (OIC),
and additional measures, such as enemas, are
still frequently necessary.4 Unfortunately, ag-
gressive management is often burdensome
and sometimes ineffective in these patients.4,5

OIC is largely mediated by mu-opioid recep-
tors located in the gastrointestinal tract. Opi-
oid agonist activity causes a decrease in
motility via a decrease in peristalsis, with a sec-
ondary increase in intestinal fluid absorp-
tion.6,7 These effects can be reversed by the
mu-opioid receptor antagonists naloxone and
naltrexone, but these agents also reverse the
central effects of opioids, resulting in loss of
analgesia.8,9 Methylnaltrexone, a quaternary
ammonium derivative of naltrexone, has lim-
ited ability to cross the blood-brain barrier
and, therefore, reverses the peripheral effects
of opioids without affecting analgesia.10,11 Sub-
cutaneous methylnaltrexone has been demon-
strated in clinical trials to be generally well
tolerated and active in inducing a bowel move-
ment in patients with advanced illness and
OIC.12e14

One of these studies, a two-week, double-
blind, placebo-controlled clinical trial in 133
patients with OIC and advanced illness, evalu-
ated the safety and efficacy of methylnaltrex-
one 0.15 mg/kg subcutaneously every other
day for two weeks. Based on the primary end-
points of the study, significantly more patients
treated with methlynaltrexone than placebo
had rescue-free laxation within four hours af-
ter the first dose (48.4% vs.15.5%) and within
four hours after at least two of the first four
doses (51.6% vs. 8.5%). We report the results
of post hoc analyses to further characterize the
timing and predictability of laxation in re-
sponse to methylnaltrexone. We also report
the results of exploratory analyses to elucidate
patients’ subjective responses to methylnaltrex-
one therapy.
Methods
The study was conducted at 27 nursing

homes, hospice sites, and palliative care medi-
cal centers in the United States and Canada. It
was approved by central and/or local institu-
tional review boards and was conducted in
accordance with Good Clinical Practice guide-
lines and the Declaration of Helsinki. Each pa-
tient provided signed and dated informed
consent before enrollment.

Patients
Patients 18 years or older had advanced ill-

ness, defined as a terminal disease such as in-
curable cancer or other end-stage disease,
with a life expectancy of $1 month. Patients
were required to have received opioids for
pain control for $2 weeks with a stable dose
for $3 days and were required to have been
maintained on a stable laxative regimen for
$3 days before the study. In addition, inclusion
criteria required constipation defined as either
less than three bowel movements during the
preceding week, and no clinically significant
bowel movement (investigator determined)
within 24 hours before the first study drug
dose, or no clinically significant bowel move-
ment within 48 hours before the first study
drug dose. Exclusion criteria included consti-
pation not primarily caused by opioids (as de-
termined by the investigator), fecal ostomy, or
clinically significant active diverticular disease.

Study Design
A detailed description of study design has

been previously reported.13 This was a two-week,
double-blind, randomized, placebo-controlled
study. Patients were randomly assigned in a
1:1 ratio to receive either methylnaltrexone
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0.15 mg/kg or placebo subcutaneously every
other day for two weeks. Patients could continue
their baseline laxatives throughout the study.
Rescue laxatives could be used as needed but
not within four hours before or after study
drug dosing. The first dose of study drug was ad-
ministered by study staff; subsequent doses were
administered by caregivers. The dose could be
doubled if by Day 8, patients had had less than
three rescue-free bowel movements (defined
as no rescue laxative such as enema or supposi-
tory taken between study drug administration
and bowel movement). Patients who completed
the double-blind study were eligible to enter an
open-label extension phase; details of this phase
are reported elsewhere.13

Assessments
Bowel movements were assessed and con-

comitant medications were recorded daily.
Constipation distress (on a five-point scale,
1¼ none to 5¼ very much) was assessed at
baseline and on Days 1, 7, and 14. Change in
bowel status also was evaluated on Days 7 and
14 using patient- and clinician-reported Global
Clinical Impression of Change (GCIC) on
a seven-point balanced scale (1¼much worse
to 7¼much better).15,16

Adverse events (AEs) were evaluated daily;
severity was assessed using National Cancer
Institute Common Toxicity Criteria (CTC) Ver-
sion 2.0. A complete blood count and compre-
hensive metabolic panel were obtained at
screening, Day 7, and Day 14. Vital signs were
monitored before and after dose administra-
tion on Day 1 and for patients with dose esca-
lation on Day 9.

Patients rated their current and worst pain
level in the preceding 24 hours (0¼ no pain,
10¼ worst pain possible) at baseline and on
Days 1 (four hours postdose), 7, and 14. Pa-
tients also rated the severity (1¼ none,
4¼ severe) of seven symptoms associated with
central opioid withdrawal: yawning, lacrima-
tion, rhinorrhea, perspiration, tremor, piloer-
ection, and restlessness; the withdrawal score
was the sum of the ratings (modified Himmels-
bach Withdrawal Scale).17

Statistical Analyses
Additional efficacy analyses were performed

for the intent-to-treat (ITT) population, de-
fined as all randomized patients who received
greater than or equal to one dose of study
drug. The number and percentage of patients
who had rescue-free laxation after dosing were
reported by treatment group and time interval
defined by the time to rescue-free bowel move-
ment. For patients having rescue-free bowel
movement within four hours after the initial
dose, the time to rescue-free bowel movement
was compared between treatment groups using
a two-sided Wilcoxon rank sum test and P
values were reported.

Descriptive statistics also were used to sum-
marize laxative use at baseline and during
the study. Laxative use during the study in-
cluded both concomitant laxatives and rescue
laxatives.

For efficacy analyses stratified by response to
prior doses, only the ITT patient population
who had all doses up to the dose being analyzed
were included. Patients were classified into sub-
groups by previous response, and descriptive
statistics were used to describe clinical response
to current doses by subgroups. Fisher’s exact
test was used to compare laxation response be-
tween treatment groups by subgroup; P values
from two-sided tests were reported.

Patient- and clinician-reported GCIC scores
were compared between methylnaltrexone
and placebo using analysis of variance. Corre-
lation coefficients were estimated for GCIC
scores (patient and clinician) and the change
in constipation distress scores.

All safety data were presented using summary
statistics and frequency distributions. Baseline
values were determined before the first dose
of study drug. AEs, laboratory data, and vital
signs were summarized by treatment group.
Results
Patient Disposition

A total of 134 patients completed screening
and received study drug. One patient received
unblinded methylnaltrexone and was in-
cluded only in the safety analysis. The efficacy
analysis, therefore, included 133 patients, 62 in
the methylnaltrexone and 71 in the placebo
groups. There were no major between-group
differences in baseline demographics or clini-
cal characteristics (Table 1). The median oral
morphine-equivalent opioid dose at baseline
was 100 mg/day in the placebo group and
150 mg/day in the methylnaltrexone group.



Table 1
Baseline Patient Clinical Characteristicsa

Placebo
(n¼ 71)

Methylnaltrexone
(n¼ 63)

Primary diagnosis, n (%)
Cancer 41 (57.7) 37 (58.7)
Cardiovascular

disease
7 (9.9) 8 (12.7)

COPD/emphysema 5 (7.0) 9 (14.3)
Alzheimer/dementia 4 (5.6) 4 (6.3)
Otherb 14 (19.7) 5 (7.9)

Number of laxatives taken,
median (range)
By drug classes 2 (1e5) 2 (1e4)
By generic terms 3 (1e6) 2 (1e5)

Constipation distress,
n (%)
None 8 (11.3) 7 (11.1)
A little bit 6 (8.5) 6 (9.5)
Somewhat 11 (15.5) 9 (14.3)
Quite a bit 18 (25.4) 16 (25.4)
Very much 27 (38.0) 22 (34.9)
Not reported 1 (1.4) 3 (4.8)

WHO Performance Status,
n (%)
1 6 (8.5) 3 (4.8)
2 16 (22.5) 14 (22.2)
3 36 (50.7) 28 (44.4)
4 13 (18.3) 18 (28.6)

COPD¼ chronic obstructive pulmonary disease; WHO¼World
Health Organization.
aAll patients enrolled in the double-blind study; one patient was
enrolled but received unblinded study drug and was excluded
from the ITT analysis.
bOther diagnoses included failure to thrive, amyotrophic lateral
sclerosis, end-stage multiple sclerosis, malabsorption syndrome,
pernicious anemia, rheumatoid arthritis, Buerger’s disease, cere-
bral vascular accident, idiopathic pulmonary fibrosis, peripheral
vascular disease, diabetes mellitus, hypoxic brain injury, multiple
systems failure, chronic pain or multiple fractures, and end-stage
Parkison’s disease.
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Fifty-two patients in the methylnaltrexone
group and 54 patients in the placebo group
completed the two-week study. The most com-
mon reason for study discontinuation was
death (four patients taking placebo and five
patients taking methylnaltrexone). All deaths
were considered to be related to progression
of the underlying illness.
Efficacy

Timing and Predictability of Bowel Movement
Response. Among patients who had a bowel
movement within four hours following the initial
dose (n¼ 30 and 11, methylnaltrexone and pla-
cebo, respectively), the median time to bowel
movement response was 0.5 hours in the
methylnaltrexone group and 2.0 hours in the
placebo group (P¼ 0.013). Among these re-
sponders, 17 (56.7%) of methylnaltrexone vs.
two (18.2%) of placebo patients responded
within the first half hour and 22 (73.3%) of meth-
ylnaltrexone vs. five (45.5%) of placebo patients
responded within the first hour after dosing. A
higher percentage of patients in the methylnal-
trexone than the placebo group responded
within the first half hour for all subsequent doses.

Response rates to methylnaltrexone were
generally greater than placebo regardless of re-
sponse to a previous dose of methylnaltrexone.
Response rates tended to be consistent and
predictable for individual patients across the
seven doses. Among methylnaltrexone-treated
patients who had responded to all their previ-
ous doses, response rates to the next methyl-
naltrexone dose (doses two through seven)
ranged from 57% to 100% (Fig. 1a).

Among methylnaltrexone-treated patients
who did not respond to the first dose, 34%
had a response to the second dose. In contrast,
only 9% of placebo-treated patients who failed
to respond to the first dose subsequently re-
sponded to the second (P¼ 0.006) (Fig. 1b).
Among patients who failed to respond to both
Doses 1 and 2, the response rate to the third
dose was numerically greater in the methylnal-
trexone group (26%) than in the placebo group
(12%), although the difference did not reach
statistical significance (P¼ 0.16). When the cu-
mulative response rate for patients who re-
ceived all the first three study doses was
considered, significantly more methylnaltrex-
one- than placebo-treated patients had laxation
response to at least one of the three doses
(methylnaltrexone 75% vs. placebo 29%,
P< 0.0001). Similarly, more patients in the
methylnaltrexone than the placebo group had
laxation response to at least two of the first three
doses (methylnaltrexone 43% vs. placebo 3%,
P< 0.0001).

Change in Bowel Status and Constipation Distress.
As previously reported, 73.5% and 67.9% of
methylnaltrexone-treated patients rated their
bowel status as better compared with baseline
on Days 7 and 14, respectively, on the GCIC scale;
clinician ratings were similar or identical to pa-
tient ratings.13 In contrast, 63.1% and 51.8% of
patients in the placebo group considered their
bowel status unchanged from or worse than
baseline on Days 7 and 14, respectively.

Higher percentages of patients in the meth-
ylnaltrexone than the placebo group reported
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Fig. 1. a)Rescue-free laxation response rates within four hours post-dosing among responders to all previous
doses, ITT patients who had doses up to current dose being analyzed. *P¼ 0.023 vs. placebo. b)Rescue-free lax-
ation response rates within four hours post-dosing among nonresponders to all previous doses, ITT patients who
had doses up to current dose being analyzed. *P¼ 0.006 vs. placebo.
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that their constipation distress was improved
from baseline on Days 1, 7, and 14 (Table 2).
Conversely, higher percentages of patients
treated with placebo than methylnaltrexone
reported that their constipation distress was
unchanged or worse at those assessments. A
significant inverse correlation (P< 0.05) was
found between the change in constipation dis-
tress and the clinician GCIC scores in the meth-
ylnaltrexone (r¼�0.55) and placebo groups
(r¼�0.36) on Day 14. Similarly, a significant
inverse correlation existed between the change
in constipation distress and patient GCIC scores
in the methylnaltrexone (r¼�0.62) and pla-
cebo groups (r¼�0.32) on Day 14.
Laxative Use. Baseline laxative use was similar
between treatment groups. During the study, nu-
merically fewer patients in the methylnaltrexone
than the placebo group reported use of some
major classes of laxatives. In addition, fewer
methylnaltrexone patients who were responders,
defined as laxation within four hours of greater
than or equal to four of the seven doses, reported
use of major categories of laxatives during the
study than nonresponders (Table 3). In particu-
lar, the use of enemas was greatly reduced among
those who responded to methylnaltrexone
compared with placebo (5.3% vs. 35.2%).
Safety
The results of the safety assessments, which

have been previously reported,13 are summa-
rized in this study. The most common AEs
among patients taking methylnaltrexone were
abdominal pain, flatulence, and vomiting.
Among AEs occurring in $5% of patients in ei-
ther treatment group, abdominal pain, flatu-
lence, nausea, increased body temperature,
and dizziness occurred more frequently with
methylnaltrexone than placebo. Most AEs
were considered not or unlikely to be related
to study drug with the exception of those re-
lated to the gastrointestinal system.

Most AEs were Grade 1 or Grade 2 accord-
ing to CTC (mild or moderate). Grade 4 (life
threatening) AEs occurred in both treatment
groups, but all were considered to be related
to the patients’ primary illness such as the pro-
gression of the underlying malignancy.
Opioid Withdrawal and Pain. Patient ratings of
current pain and worst pain within the previ-
ous 24 hours were essentially unchanged
from baseline on Days 1, 7, and 14; mean
scores changed less than one point on the
10-point scale in a negative direction at all
measurements. Mean total opioid withdrawal
scores were similar between treatment groups
and essentially unchanged from baseline at
each assessment. For individual symptoms on
the modified Himmelsbach Withdrawal Scale,
changes from ratings of none or mild at base-
line to moderate at a subsequent evaluation
occurred in #4% of patients in either treat-
ment group. One patient in the methylnaltrex-
one group had a change of rating from none
at baseline to severe on Day 14. This patient



Table 2
Patients With Change From Baseline in Constipation Distress

Day

Placebo (n¼ 71), n (%) Methylnaltrexone (n¼ 62), n (%)

na Improved No Change Worse na Improved No Change Worse

1 64 19 (29.7) 40 (62.5) 5 (7.8) 55 29 (52.7) 24 (43.6) 2 (3.6)
7 48 24 (52.1) 12 (25.0) 12 (25.0) 45 29 (64.4) 12 (26.7) 4 (8.9)
14 54 29 (53.7) 15 (27.8) 10 (18.5) 53 32 (60.4) 13 (24.5) 8 (15.1)

aNumber of patients with evaluations at baseline and day indicated.

688 Vol. 38 No. 5 November 2009Chamberlain et al.
underwent screening on the same day as the
first dose of study drug. Perspiration was rated
as severe at screening evaluation (one hour be-
fore first study dose) and none at baseline eval-
uation (21 minutes before first study dose).
This patient was also taking exemestane, which
is commonly associated with increased sweat-
ing. Four patients in the placebo group also re-
ported changes from ratings of none, mild, or
moderate at baseline to severe for single indi-
vidual symptoms (on Days 1 and 7 for restless-
ness, on Day 1 for perspiration, and on Day 14
for yawning).
Discussion
Methylnaltrexone promptly and predictably

induced laxation in patients with advanced ill-
ness and OIC. Our results further showed that
methylnaltrexone therapy was associated with
numerically reduced use of laxatives com-
pared with placebo, particularly enemas, and
improvement in subjective measures of consti-
pation. Methylnaltrexone was generally well
tolerated and did not reduce pain control or
induce opioid withdrawal symptoms.

Methylnaltrexone was reported to induce
rescue-free bowel movement within four hours
of dosing in approximately 48.4% of patients
Table 3
Patients Reporting Laxa

Methylnaltrexone

Baseline
(n¼ 62)

During the Study

Ra (n¼ 19) NR (n¼ 43) All (n¼

Contact laxatives 51 (82.3) 15 (78.9) 37 (86.0) 52 (83
Stool softeners 26 (41.9) 7 (36.8) 19 (44.2) 26 (41
Magnesium

compounds
13 (20.9) 6 (31.6) 11 (25.6) 17 (27

Osmotic agents 19 (30.6) 4 (21.1) 16 (37.2) 20 (32
Enemas 10 (16.1) 1 (5.3) 14 (32.6) 15 (24

R¼ responders; NR¼ nonresponders.
aResponders had bowel movement within four hours after $ four doses duri
in the primary analysis of this study compared
with 15.5% of placebo patients (P< 0.001).13

Findings are consistent with another study
of double-blind single-dose methylnaltrexone
(n¼ 154), which demonstrated rescue-free lax-
ation response rates of 61.7% and 58.2% for
methylnaltrexone 0.15 and 0.30 mg/kg, re-
spectively.12 In this present two-week study,
laxation response was not correlated with
age, performance status, and baseline opioid
dose.13 A three-month open-label extension
of this study demonstrated continued efficacy
with open-label methylnaltrexone treatment
for up to three months.13,18

Identifying and reducing symptoms to im-
prove constipation and constipation-associated
well-being are the primary considerations
when caring for the advanced illness popula-
tion.19,20 The results of the additional analyses
reported in this study show that methylnaltrex-
one improves patients’ subjective experience of
constipation. Greater proportions of patients
reported improvement on both GCIC in bowel
status and constipation distress measures in
the methylnaltrexone group compared with
the placebo group.15,16 This reduction of sub-
jective constipation distress occurred without
reducing pain control or inducing opioid with-
drawal symptoms.
tive Usedn (%)

Placebo

Baseline
(n¼ 71)

During the Study

62) Ra (n¼ 1) NR (n¼ 70) All (n¼ 71)

.9) 58 (81.7) 1 (100) 65 (92.9) 66 (93.0)

.9) 29 (40.8) 0 30 (42.9) 30 (42.3)

.4) 25 (35.2) 1 (100) 31 (44.2) 32 (45.1)

.3) 25 (35.2) 0 28 (40.0) 28 (39.4)

.2) 11 (15.5) 0 25 (35.7) 25 (35.2)

ng the two-week study.
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The promptness of the response to methyl-
naltrexone as well as the numerically decreased
requirement for laxatives in the methylnaltrex-
one group than the placebo group are also
important features for managing OIC in this ad-
vanced illness population. The more predict-
able bowel movement within a practical time
frame (approximately 75% who responded
within four hours of dosing did so within the
first hour) may afford patients more control
over their lives. In addition, fewer requirements
for laxatives should decrease pill burden, which
is likely to be large in this patient population.21

Furthermore, decreased need for enemas
among those who respond to methylnaltrexone
may decrease discomfort and loss of dignity for
the patient as well as reducing requirements for
nursing time. Of note, there was no require-
ment in the study protocol to taper laxatives.
In clinical practice of managing OIC in pallia-
tive care patients, the laxative regimen is usually
continued.

Although clinical and demographic parame-
ters have not been shown to predict which pa-
tients will respond to methylnaltrexone,13

response or lack of response to previous doses
of methylnaltrexone is a useful indicator of the
probable benefit of additional doses. Patients
who have responded to all previous doses are
likely to continue to respond, with a response
rate of 57%e100% for subsequent doses, sug-
gesting sustainable response with multiple
doses. Conversely, a lack of response to a first
or both first and second dose decreases the
likelihood of response to further doses. How-
ever, after nonresponse to the first dose, a
response may still occur in approximately
one-third of patients for a second dose, and
after nonresponse to the first two doses, a re-
sponse may still occur in approximately one-
quarter of patients for a third dose, and both
response rates remain greater than the pla-
cebo response. In patients who have not re-
sponded to any of the first three consecutive
doses, reasons for constipation other than opi-
oids should be entertained.

In conclusion, methylnaltrexone rapidly and
predictably induces bowel movement in OIC in
advanced illness patients while maintaining
analgesia. The response to methylnaltrexone
was sustained in this two-week multiple-dose
study. The generally lower laxative require-
ments and improvement in subjective measures
of constipation in the methylnaltrexone-treated
patients demonstrated in this study comple-
ment the demonstrated bowel movement
response to methylnaltrexone and provide ad-
ditional measures of comfort and well-being in
patients with advanced illness and OIC.
Acknowledgments
Professional medical writing services were

provided by Naomi Pliskow, MD, and were
funded by Wyeth Pharmaceuticals. Analyses
and results for patient-reported outcome mea-
sures were provided by Shrividya Iyer, PhD.

The following principal investigators, listed
alphabetically, participated in this study: Mi-
ami Jewish Home and Hospital for the Aged,
Miami, Florida: M. Agronin; Senior Adult Spe-
cialty Research, Houston, Texas: L. Borrell;
Henry Ford Hospital, Detroit, Michigan: L.
Bricker; Segal Institute for Clinical Research,
North Miami, Florida: E. Burdick; Nathan
Adelson Hospice, Las Vegas, Nevada: K. Cross;
Physicians Administrative Support Services,
Tucker, Georgia: P. Erdman; British Columbia
Cancer Agency, Centre for the Southern Inte-
rior, Kelowna, British Columbia: G. Fyles;
McGill University Health Centre, Montreal,
Quebec: B. Gagnon; Palliative Medicine Con-
sultants, Rockville, Maryland: C. Harrison;
American Health Network, Avon, Indiana:
J. Kerlin; Independent Psychiatric Consultants,
Waukesha, Wisconsin: C. Kohlenberg; Penn
State Milton S. Hershey Medical Center,
Hershey, Pennsylvania: M. Kreher; Linden Re-
search Consultants, Oklahoma City, Oklaho-
ma: D. Linden; Care Source Hospice-Home
Health Palliative Care, Salt Lake City, Utah:
A. Lipman; Hospice and Palliative Physician
Services, Springhill, Florida: D. McGrew; Life-
Path Hospice and Palliative Care, Tampa, Flor-
ida: M. Moehl-Boatwright; Arizona Research
Center, Phoenix, Arizona: M.D. Mollen; Valley
Medical Primary Care, Centerville, Ohio:
M. Patel; Iowa Pain Management Clinic, West
Des Moines, Iowa: J.F. Peppin; Millenium
Psychiatric Associates, St. Louis, Missouri:
F. Sicuro; Bridgeport Manor, Bridgeport, Con-
necticut: B.A. Sloan; Hospice of the Western
Reserve, Cleveland, Ohio: C. Wellman; Senior
Adult Specialty Research, Austin, Texas:
J. Winston.



690 Vol. 38 No. 5 November 2009Chamberlain et al.
References
1. Ballantyne JC. Opioid analgesia: perspectives on

right use and utility. Pain Physician 2007;10:
479e491.

2. Quigley C. The role of opioids in cancer pain.
BMJ 2005;331:825e829.

3. Ling GS, Paul D, Simantov R, Pasternak GW.
Differential development of acute tolerance to anal-
gesia, respiratory depression, gastrointestinal transit
and hormone release in a morphine infusion
model. Life Sci 1989;45:1627e1636.

4. Swegle JM, Logemann C. Management of com-
mon opioid-induced adverse effects. Am Fam Physi-
cian 2006;74:1347e1354.

5. Pappagallo M. Incidence, prevalence, and man-
agement of opioid bowel dysfunction. Am J Surg
2001;182(5A Suppl):11Se18S.

6. Manara L, Bianchi G, Ferretti P, et al. Inhibition
of gastrointestinal transit by morphine in rats results
primarily from direct drug action on gut opioid in-
vestigational sites. J Pharmacol Exp Ther 1986;237:
945e949.

7. Yuan CS. Methylnaltrexone mechanisms of ac-
tion and effects on opioid bowel dysfunction and
other opioid adverse effects. Ann Pharmacother
2007;41:984e993.

8. Culpepper-Morgan JA, Inturrisi CE, Portenoy RK,
et al. Treatment of opioid-induced constipation with
oral naloxone: a pilot study. Clin Pharmacol Ther
1992;52:90e95.

9. Sykes NP. An investigation of the ability of oral
naloxone to correct opioid-related constipation in
patients with advanced cancer. Palliat Med 1996;
10:135e144.

10. Brown DR, Goldberg LI. The use of quaternary
narcotic antagonists in opiate research. Neurophar-
macology 1985;24:181e191.

11. Yuan CS, Foss JF, O’Connor M, et al. Methylnal-
trexone prevents morphine-induced delay in oral-
cecal transit time without affecting analgesia:
a double-blind randomized placebo-controlled trial.
Clin Pharmacol Ther 1996;59:469e475.

12. Slatkin N, Thomas J, Lipman AG, et al. Methyl-
naltrexone for treatment of opioid-induced consti-
pation in advanced illness patients. J Support
Oncol 2009;7:39e46.
13. Thomas J, Karver S, Cooney GA, et al. A ran-
domized, placebo-controlled trial of subcutaneous
methylnaltrexone for the treatment of opioid-
induced constipation in patients with advanced ill-
ness. N Engl J Med 2008;358:2332e2334.

14. Portenoy RK, Thomas J, Moehl Boatwright ML,
et al. Subcutaneous methylnaltrexone for the treat-
ment of opioid-induced constipation in patients
with advanced illness: a double-blind, randomized,
parallel group, dose-ranging study. J Pain Symptom
Manage 2008;35:458e468.

15. Rhiner M, Iyer S, Slatkin NE, Stambler N. Im-
pact of therapy with methylnaltrexone on Global
Clinical Impression of Change (GCIC) in bowel sta-
tus scores in patients with advanced illness and opi-
oid induced constipation. [abstract]. Support Care
Cancer 2007;15:729.

16. Rhiner M, Iyer S, Slatkin NE, Stambler N. Effect
of methylnaltrexone on Global Clinical Impression
of Change (GCIC) in bowel status scores in patients
with advanced illness and opioid induced constipa-
tion (OIC). Presented at the American Academy
of Pain Medicine 24th Annual Meeting, February
12e16, 2008, Orlando, FL.

17. Kolb L, Himmelsbach CK. Clinical studies of
drug addiction, III: a critical review of the with-
drawal treatments with method of evaluating absti-
nence syndromes. Am J Psychiatry 1983;94:
759e799.

18. Slatkin NE, Haines S, Rhiner M, et al. Methyl-
naltrexone for the treatment of opioid-induced con-
stipation in patients with advanced illness: results of
a 3-month open-label study. Support Care Cancer
2007;15:793e794.

19. Dalal S, Del Fabbro E, Bruera E. Symptom con-
trol in palliative caredPart I: oncology as a paradig-
matic example. J Palliat Med 2006;9:391e408.

20. McMillan SC, Small BJ. Symptom distress and
quality of life in patients with cancer newly admitted
to hospice home care. Oncol Nurs Forum 2002;29:
1421e1428.

21. Currow DC, Stevenson JP, Abernethy AP,
Plummer J, Shelby-James TM. Prescribing in pallia-
tive care as death approaches. J Am Geriatr Soc
2007;55:590e595.


	Methylnaltrexone Treatment of Opioid-Induced Constipation in Patients with Advanced Illness
	Introduction
	Methods
	Patients
	Study Design
	Assessments
	Statistical Analyses

	Results
	Patient Disposition
	Efficacy
	Timing and Predictability of Bowel Movement Response
	Change in Bowel Status and Constipation Distress
	Laxative Use

	Safety
	Opioid Withdrawal and Pain


	Discussion
	Acknowledgments
	References


