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Abstract
Background  Methylnaltrexone, a peripherally acting µ-opioid receptor antagonist approved for the treatment of opioid-
induced constipation (OIC), has restricted diffusion across the blood–brain barrier (BBB) and has not been demonstrated 
to impact opioid-induced central analgesia. Age-related changes in BBB permeability may compromise methylnaltrexone’s 
restricted diffusion and alter opioid-induced central analgesic effects.
Objective  This analysis evaluated whether opioid analgesia is compromised in older adults receiving methylnaltrexone for 
OIC.
Methods  The analysis included adults diagnosed with OIC who received opioids for pain management and who had a ter-
minal illness or chronic nonmalignant pain. Data were pooled from four randomized, double-blind trials and stratified by age 
(< 65 years and ≥ 65 years). Endpoints included pain intensity scores, symptoms of opioid withdrawal, treatment-related 
adverse events (TRAEs), and rescue-free laxation (RFL) within 4 h of treatment.
Results  Overall, 1323 patients were < 65 years of age (n = 908, methylnaltrexone; n = 415, placebo) and 304 patients 
were ≥ 65 years of age (n = 171, methylnaltrexone; n = 133, placebo). Nonsignificant pain intensity score reductions were 
observed in all groups. In the older cohort, measures of opioid withdrawal did not show statistical differences from baseline 
in either the methylnaltrexone or placebo groups. The most frequently reported TRAEs were abdominal pain, flatulence, and 
nausea. Relative to the first dose, gastrointestinal TRAEs potentially related to opioid withdrawal declined with the second 
dose and were comparable with placebo, regardless of age. RFL response within 4 h of methylnaltrexone treatment increased 
significantly in both age cohorts relative to placebo.
Conclusions  Methylnaltrexone use did not adversely affect pain control, opioid withdrawal effects, or AEs while provid-
ing effective RFL, regardless of age. These results suggest that age does not appear to influence the safety and efficacy of 
methylnaltrexone for OIC. Further research is needed to assess the impact of other factors that alter BBB permeability, such 
as dementia, stroke, or drug interactions, on the safety and efficacy of methylnaltrexone.
Clinical Trial Registration Numbers  Study 302, NCT00402038; study 3200K1-4000, NCT00672477; study 3200K1-3356, 
NCT00529087; study 3201, NCT01186770.
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Key Points 

Use of methylnaltrexone for opioid-induced constipation 
(OIC) does not adversely affect opioid central analgesia, 
adverse effects or opioid withdrawal effects, but does 
provide effective rescue-free laxation, regardless of age.

Despite a cohort of increased age, methylnaltrexone did 
not impede opioid pain relief and was effective in treat-
ing OIC.
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1  Introduction

For patients receiving opioid therapy for pain, constipation 
is the most bothersome gastrointestinal-related adverse effect 
[1, 2]. Opioids inhibit gastric emptying and delay gastroin-
testinal transit time by binding to gastrointestinal μ-opioid 
receptors. This hinders normal visceral nerve activity, gut 
motility, and ion and fluid secretion, leading to constipation 
[3]. Opioid-induced constipation (OIC) affects up to 86% of 
older patients receiving short- or long-term opioid therapy 
[4, 5]. However, overall constipation prevalence increases 
with age [6] for many reasons in addition to opioid therapy. 
Factors including electrolyte abnormalities and comorbidi-
ties (e.g. diabetes and chronic renal disease) increase the risk 
for developing constipation unrelated to opioids and also 
increase the risk of developing OIC [5].

Opioid and opioid antagonist effects on the central nerv-
ous system (CNS) may be dependent on blood–brain barrier 
(BBB) integrity. The BBB is a web of microvessels lined 
with specialized endothelial cells that segregate CNS com-
pounds and export toxic chemicals out of the CNS [7]. With 
aging, physiologic changes to BBB endothelial cells occur 
that may increase BBB penetrance, potentially impairing 
the brain’s normal influx and clearance of molecules [8]. 
For example, the aging process can loosen the tight junc-
tions that connect the BBB endothelial cells [8], leading to 
increased BBB permeability, neuroinflammation, and neu-
rodegeneration [8–11]. In addition, age-related decreases 
in transporter numbers on BBB neurovascular endothelial 
cells may reduce proper amino acid and toxic compound 
elimination [9].

Nonspecific opioid receptor antagonists with central and 
peripheral effects, such as naloxone and naltrexone, can 
effectively treat OIC, but typically impact central opioid 
analgesia by crossing the BBB [12]. Methylnaltrexone is a 
selective, peripherally acting µ-opioid receptor antagonist 
that inhibits opioid-induced increases in oral-cecal transit 
time and time to gastric emptying [13–15]. Because of its 
low lipid solubility and strong polarity, methylnaltrexone 
has restricted diffusion across the intact BBB [16]. Conse-
quently, methylnaltrexone blocks the gastrointestinal opioid 
receptors that induce OIC, but does not reduce opioid CNS 
analgesic efficacy [3]. However, it is unknown if age-related 
increases in BBB penetrance could potentially allow meth-
ylnaltrexone, despite its high polarity and low lipid solu-
bility, to leach into the CNS across the leaky barrier and 
compromise opioid analgesic efficacy. This post hoc analysis 
pooled patients from four methylnaltrexone studies, strati-
fied them by age (< 65 years or ≥ 65 years), and assessed 
if opioid analgesia, withdrawal effects, safety, and laxation 
response are affected by age.

2 � Methods

2.1 � Study Design

Data were pooled from four randomized, double-blind, 
placebo-controlled trials (study 302, NCT00402038; 
study 3200K1-4000, NCT00672477; study 3200K1-3356, 
NCT00529087; study 3201, NCT01186770) that included 
adults diagnosed with OIC who received opioids for pain 
management. Each study had been previously reported [12, 
17–19], received local or central Institutional Review Board 
approval, followed good clinical practice and Declaration 
of Helsinki principles, and obtained pre-enrollment patient 
written informed consent.

2.2 � Participants

Eligibility criteria for each primary study have been previ-
ously reported [12, 17–19]. Briefly, studies 302 and 4000 
enrolled adult patients with OIC and terminal illnesses who 
had life expectancies of ≥ 1 month and who received stable 
opioid regimens for 2 weeks before the first treatment dose. 
In those studies, OIC was defined as (1) fewer than three 
laxations during the previous week and no clinically signifi-
cant laxation in the 24 h before the first treatment dose, or 
(2) no clinically significant laxation within 48 h before the 
first treatment dose. Studies 3201 and 3356 enrolled adult 
patients with OIC and chronic nonmalignant pain for ≥ 2 
months who received ≥ 50 mg/day of oral morphine equiva-
lent doses for ≥ 14 days before the first treatment dose. For 
these studies, OIC was defined as fewer than three rescue-
free bowel movements (RFBMs) per week associated with 
one or more of the following signs and symptoms.

•	 Study 3356: hard or lumpy stools, straining during bowel 
movements, a sensation of incomplete evacuation after 
bowel movements.

•	 Study 3201: ≥ 25% of RFBMs categorized as type 1 or 
2 on the Bristol Stool Form Scale, straining during 25% 
of RFBMs, ≥ 25% of RFBMs with a sensation of incom-
plete evacuation.

Key exclusion criteria for all studies included individu-
als with a history of methylnaltrexone treatment, those 
who were pregnant or breastfeeding, and those with bowel 
obstruction or impaction (which in the investigator’s opinion 
might have been primarily responsible for constipation). Full 
eligibility criteria were previously reported [12, 17–19].
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2.3 � Study Designs/Interventions

Each study had a double-blind treatment period; studies 302, 
4000, and 3356 also had open-label treatment periods. In 
study 302, patients received subcutaneous methylnaltrexone 
0.15 mg/kg or placebo every other day for 2 weeks. Dose 
escalation to 0.30 mg/kg or equivalent placebo volume was 
allowed during the second week. In study 4000, patients 
were stratified based on body weight, and were then rand-
omized to receive subcutaneous methylnaltrexone 8 mg or 
placebo (weight 38–< 62 kg) or subcutaneous methylnal-
trexone 12 mg or placebo (weight ≥ 62–114 kg) every other 
day for 2 weeks. Patients who were outside of these body 
weight ranges (i.e. < 38 kg or > 114 kg) were administered 
a dose of 0.15 mg/kg. For study 3356, subcutaneous meth-
ylnaltrexone 12 mg once daily, 12 mg once every other day, 
or placebo was administered for 4 weeks. In study 3201, 
oral methylnaltrexone 150, 300, or 450 mg or placebo was 
administered daily for 4 weeks.

In studies 302 and 4000, patients could continue receiv-
ing laxatives if their regimen at baseline had been stable 
for > 3 days before the first dose; patients could take other 
laxatives as needed but not within 4 h before or after receiv-
ing the study drug. In studies 3356 and 3201, patients who 
did not have a bowel movement for 3 days were permitted 
to take bisacodyl tablets for rescue.

2.4 � Assessments

Endpoints in this post hoc analysis were analyzed in the 
pooled populations from the primary methylnaltrexone trials 
stratified by age (< 65 and ≥ 65 years) and included changes 
in pain scores, symptoms of opioid withdrawal, treatment-
related adverse events (TRAEs), and rescue-free laxation 
(RFL) response within 4 h of treatment. Pain scores were 
evaluated based on a pain intensity scale, with 0 indicating 
no pain and 10 indicating worst possible pain. Mean cur-
rent and worst pain scores were reported at baseline and 4 h 
postdose for studies 302 and 4000, while mean pain intensity 
scores were reported at baseline and at weeks 2 and 4 for 
studies 3356 and 3201.

Symptoms of opioid withdrawal were evaluated using the 
Objective and Subjective Opiate Withdrawal Scales (OOWS 
and SOWS) in studies 3356 and 3201. For the OOWS, clini-
cians assigned a score of 0 (absence) or 1 (presence) for 13 
symptoms indicating opioid withdrawal, with a total pos-
sible score of 13 [20]. For the SOWS, patients rated their 
perceived severity of 19 opioid withdrawal symptoms on a 
scale from 0 (not at all) to 4 (extremely), with a total pos-
sible score of 76. This version of the SOWS included three 
additional symptoms (trouble sleeping, poor appetite, and 
diarrhea) to be reflective of the OIC population. Each scale 
was also evaluated excluding cramping, a common symptom 

associated with constipation and methylnaltrexone treat-
ment. Symptoms of opioid withdrawal were evaluated in 
study 302 using a modified Himmelsbach Opioid With-
drawal Scale (mHOWS), in which patients rated opioid with-
drawal symptoms (rhinorrhea, tremor, piloerection, yawning, 
perspiration, restlessness, and lacrimation) on a 4-point scale 
(1 none; 2 mild; 3 moderate; 4 severe). The total possible 
score ranged from 7 to 28. Data were collected for each 
assessment at baseline and the day after receiving each dose.

Safety was evaluated based on the incidence of AEs and 
their relationship to treatment as assessed by the investiga-
tors during the double-blind phases of each study among 
their respective safety populations. Gastrointestinal TRAEs 
potentially related to opioid withdrawal on treatment days 
1 and 2 were collected by matching Medical Dictionary for 
Regulatory Activities (MedDRA)-defined TRAEs to the 
SOWS. Efficacy was assessed by the proportion of patients 
demonstrating a treatment response, defined as those achiev-
ing RFL within 4 h after the first study drug dose.

2.5 � Statistical Analysis

Demographics, baseline characteristics, and safety were 
summarized using descriptive statistics. Efficacy, pain 
intensity, opioid withdrawal symptoms, and TRAEs were 
assessed in all randomized patients in the pooled population 
who received at least one dose of study treatment. Least 
squares mean changes from baseline in symptoms of opi-
oid withdrawal and pain scores were calculated based on 
analysis of covariance models with treatment as the main 
effect and baseline value as a covariate for comparing the 
treatment groups. Differences in the percentages of patients 
with RFL within 4 h after treatment were analyzed using 
Chi-square tests. Statistical significance was set at 0.05, with 
no adjustments for multiplicity. All analyses were conducted 
using SAS® version 9.4 (SAS Institute Inc., Cary, NC, USA).

3 � Results

3.1 � Participants

Among the 1627 pooled patients, 1323 were < 65 years of 
age (subcutaneous methylnaltrexone, n = 359; oral meth-
ylnaltrexone, n = 549; placebo, n = 415) and 304 were ≥ 
65 years of age (subcutaneous methylnaltrexone, n = 118; 
oral methylnaltrexone, n = 53; placebo, n = 133) (Table 1). 
The mean age was 49.5 years in the younger cohort and 
74.2 years in the older cohort. The majority of patients were 
women in the younger cohort and men in the older cohort. 
Most participants were White (> 85%) and there were no 
meaningful differences between treatment groups with 
regard to race or ethnicity. A higher proportion of patients 
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had cancer at baseline in the older cohort and the mean 
baseline daily morphine equivalent dose was lower in the 
younger cohort.

3.2 � Pain Intensity

Similar changes from baseline in current and worst pain 
scores were observed for both treatment groups in both age 
cohorts at 4 h posttreatment in studies 302 and 4000 (Fig. 1a, 

b). No significant differences in least squares means were 
noted between treatment groups.

A significant difference in least squares mean changes 
from baseline to week 2 in pain intensity scores was 
observed between treatment groups in the older cohorts in 
studies 3356 and 3201 (Fig. 1c); however, no significant dif-
ferences were noted between treatment groups in either age 
group at 4 weeks (Fig. 1d).

Table 1   Baseline demographics and disease characteristics

ALT alanine aminotransferase, AST aspartate aminotransferase, CI confidence interval, MED morphine equivalent dose, MNTX methylnaltrex-
one, OOWS Objective Opiate Withdrawal Scale, SOWS Subjective Opiate Withdrawal Scale
a In studies 302 and 4000 only
b Age < 65 years: placebo group, n = 86, and MNTX group, n = 80; age ≥ 65 years: placebo group, n = 92, and MNTX group, n = 93
c In studies 3356 and 3201 only; age < 65 years: placebo group, n = 326, and MNTX group, n = 817; age ≥ 65 years: placebo group, n = 37, and 
MNTX group, n = 75
d In studies 3356 and 3201 only; age < 65 years: placebo group, n = 326, and MNTX group, n = 824; age ≥ 65 years: placebo group, n = 37, and 
MNTX group, n = 74
e In studies 3356 and 3201 only; age < 65 years: placebo group, n = 324, and MNTX group, n = 820; age ≥ 65 years: placebo group, n = 37, and 
MNTX group, n = 75
f In study 302 only; age < 65 years: placebo group, n = 32, and MNTX group, n = 23; age ≥ 65 years: placebo group, n = 39, and MNTX group, 
n = 38

Patients aged < 65 years Patients aged ≥ 65 years

Placebo [n = 415] All MNTX [n = 908] Placebo [n = 133] All MNTX [n = 171]

Age, years [mean (95% CI)] 50.2 (49.3–51.0) 49.1 (48.5–49.8) 75.2 (73.9–76.6) 73.4 (72.3–74.6)
Women [n (%)] 283 (68.2) 631 (69.5) 49 (36.8) 78 (45.6)
Race [n (%)]
 White 355 (85.5) 775 (85.4) 125 (94.0) 160 (93.6)
 Black or African American 45 (10.8) 106 (11.7) 5 (3.8) 10 (5.8)
 American Indian or Alaskan Native 3 (0.7) 4 (0.4) 1 (0.8) 1 (0.6)
 Other 12 (2.9) 23 (2.5) 2 (1.5) 0

Ethnicity [n (%)]
 Hispanic or Latino 21 (5.1) 62 (6.8) 7 (5.3) 11 (6.4)
 Non-Hispanic or non-Latino 394 (94.9) 845 (93.1) 126 (94.7) 160 (93.6)
 Missing 0 1 (0.1) 0 0

Weight, kg [mean (95% CI)] 86.4 (83.8–88.9) 87.4 (85.8–89.0) 73.5 (70.0–77.1) 76.3 (73.2–79.5)
Creatine clearance, mL/min/1.73 m2 [mean (95% CI)] 99.8 (97.2–102.3) 99.6 (97.9–101.3) 64.4 (60.2–68.6) 69.0 (65.1–72.9)
AST, U/L [mean (95% CI)] 28.5 (26.6–30.3) 26.3 (25.3–27.4) 26.7 (22.0–31.4) 24.7 (22.2–27.1)
ALT, U/L [mean (95% CI)] 29.0 (26.8–31.2) 27.1 (25.6–28.5) 22.8 (18.1–27.5) 19.4 (17.7–21.1)
Total bilirubin, µmol/L [mean (95% CI)] 6.5 (6.0–7.1) 6.2 (5.9–6.6) 6.8 (6.0–7.6) 6.1 (5.6–6.7)
Patients with cancer at baseline [n (%)] 59 (14.2) 65 (7.2) 55 (41.4) 51 (29.8)
Baseline MED, mg/day [mean (95% CI)] 301.6 (234.2–368.9) 251.9 (229.5–274.3) 168.5 (135.0–202.1) 226.2 (166.8–285.6)
Mean number of baseline laxativesa (95% CI) 0.8 (0.7–0.9) 0.5 (0.5–0.6) 1.8 (1.6–2.1) 1.4 (1.2–1.6)
Baseline mean current pain scorea,b (95% CI) 4.1 (3.5–4.7) 4.2 (3.7–4.8) 3.4 (2.9–4.0) 3.5 (3.0–4.1)
Baseline mean worst pain scorea,b (95% CI) 5.7 (5.1–6.3) 5.7 (5.1–6.3) 4.9 (4.3–5.6) 4.9 (4.3–5.4)
Baseline mean pain intensity scorec (95% CI) 6.4 (6.2–6.6) 6.4 (6.3–6.5) 5.0 (4.1–5.9) 5.8 (5.3–6.3)
Baseline mean OOWS total scored (95% CI) 0.4 (0.2–0.5) 0.3 (0.3–0.4) 0.3 (0.0–0.6) 0.3 (0.0–0.6)
Baseline mean SOWS total scoree (95% CI) 13.7 (12.5–14.9) 12.0 (11.3–12.8) 10.3 (7.3–13.3) 11.6 (9.4–13.7)
Baseline mean modified Himmelsbach opioid with-

drawal total scoref (95% CI)
8.5 (7.8–9.2) 8.7 (7.9–9.4) 8.0 (7.5–8.5) 8.0 (7.6–8.4)
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3.3 � Symptoms of Opioid Withdrawal

In patients < 65 years of age, statistically significant dif-
ferences between treatment groups in least squares mean 
changes from baseline to day 1 on the OOWS (slight 
increase) and SOWS (slight decrease) were observed in stud-
ies 3356 and 3201 (Fig. 2). Similar findings were observed 
when the total scores were calculated without cramping 
included. However, no significant changes from baseline 
in least squares mean differences in the mHOWS were 
observed in patients aged < 65 years in study 302.

For patients aged ≥ 65 years, there were no statistical 
differences between treatment groups in least squares mean 
changes from baseline to day 1 on the OOWS, SOWS, or 

mHOWS (Fig. 2). Similar findings were observed when the 
total scores excluding cramping were calculated.

3.4 � Adverse Events

The most frequent TRAEs reported were abdominal pain, 
flatulence, and nausea (Table 2). The total proportions of 
patients with one or more TRAEs were similar across treat-
ment and age groups. The overall proportions of patients 
who experienced gastrointestinal TRAEs potentially related 
to opioid withdrawal declined from day 1 to day 2 of treat-
ment among those receiving methylnaltrexone, regardless of 
age (Table 2). The percentages of methylnaltrexone-treated 
patients reporting gastrointestinal TRAEs potentially related 
to opioid withdrawal were similar to placebo by day 2 in the 
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younger cohort and were less than placebo by day 2 in the 
older cohort.

3.5 � Efficacy

Significantly greater percentages of patients achieved RFL 
within 4 h after the first dose of methylnaltrexone compared 
with placebo in both age cohorts (Fig. 3). Patients ≥ 65 years 

of age who received methylnaltrexone had a higher response 
rate than those < 65 years of age, especially among those 
receiving subcutaneous methylnaltrexone.

4 � Discussion

In this post hoc analysis, methylnaltrexone use for the treat-
ment of OIC was evaluated in older patients to discern if 
the aging brain had an impact on the efficacy and safety 
of methylnaltrexone, including the effectiveness of opioid 
treatment. Regardless of age, central opioid analgesic effects 
were unaffected by methylnaltrexone treatment, as evidenced 
by the lack of significant changes in pain scores and minor 
changes in scores measuring symptoms of opioid with-
drawal. Increases in pain intensity, an early symptom of opi-
oid withdrawal [21, 22], were not observed in this study, and 
few patients experienced gastrointestinal TRAEs potentially 
related to opioid withdrawal. Furthermore, methylnaltrexone 
treatment significantly increased the percentages of patients 
who experienced RFLs within 4 h of treatment. These find-
ings suggest that, despite a cohort of increased age who may 
have changes in BBB permeability, methylnaltrexone did not 
impede opioid pain relief and was effective in treating OIC.

As the brain ages, changes to the BBB microvasculature, 
such as permeability alterations, vessel wall stiffening, neu-
rodegeneration, and tight junction relaxation may contrib-
ute to BBB leakiness to certain drugs [9–11]. Consequently, 
the aging brain may present a challenge to maintaining the 
safety and efficacy of certain compounds. Methylnaltrexone 
has limited ability to cross the BBB due to its quaternary 
structure, which decreases its distribution into the CNS [23]. 
In this analysis, no significant changes in pain and opioid 
withdrawal scores were observed in the older cohort, sug-
gesting that methylnaltrexone most likely did not cross the 
BBB. Surprisingly, significant differences in scores on the 
OOWS and SOWS were noted between treatment groups 
in the younger cohort, although for the SOWS, scores 
decreased for both the placebo and methylnaltrexone groups. 
As no significant differences were noted in the older cohort 
(which is more likely to have individuals with compromised 
BBBs) and no differences in pain were noted between treat-
ment groups, these changes are most likely not clinically 
significant.

In this pooled analysis, methylnaltrexone use significantly 
improved RFL within 4 h of the first dose compared with 
placebo in both age groups. Interestingly, the RFL response 
among methylnaltrexone-treated patients was significantly 
greater in the older cohort than in the younger cohort (44.7% 
vs. 28.7%, p < 0.0001). The reasons for this are unknown 
but may be because the older cohort included more can-
cer patients and were largely laxative refractory at base-
line. Differences in primary study designs or definitions of 
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RFL response between the advanced illness and the chronic 
noncancer trials could also be factors that contributed to 
these differences. Further studies are needed to elucidate the 
potential implications of this observation.

A special consideration for patients receiving methylnal-
trexone is the effect of weight, renal function, and hepatic 
function on the appropriate dose. Dosing guidelines for 
patients with advanced illness recommend that subcuta-
neous methylnaltrexone should be dose-adjusted for body 
weight (< 38 kg = 0.15 mg/kg; 38–< 62 kg = 8 mg; 62‒114 
kg = 12 mg; > 114 kg = 0.15 mg/kg) [23]. Body weight-
based adjustments are also recommended for patients with 
advanced illness and moderate to severe renal impairment 
and in patients with chronic noncancer pain and severe 
hepatic impairment (< 38 kg = 0.075 mg/kg; 38–< 62 kg = 
4 mg; 62‒114 kg = 6 mg; > 114 kg = 0.075 mg/kg) [23]. 
In this analysis, differences between age cohorts in baseline 
liver function tests and creatine clearance were not signifi-
cant (Table 1). However, the need to correct for renal and 
hepatic function may be more relevant in the elderly consid-
ering the normal decline in renal function and the likelihood 
of older patients having disease states that may adversely 
impact renal and hepatic function. A failure to correct for 
such dysfunctions could lead to higher drug levels that could 
potentially be associated with a higher incidence of AEs.

AEs are of particular concern among older individuals 
[24]. This analysis showed little difference between treat-
ment groups with respect to AEs. The only notable exception 
was abdominal pain, which occurred in a greater percent-
age of patients receiving methylnaltrexone versus placebo. 
While abdominal pain could potentially be related to opioid 
withdrawal, the lack of significant changes in pain scores 
and minor changes in scores measuring symptoms of opioid 
withdrawal suggest that this is not the case. Patients may 
perceive gut peristalsis initiation, which accompanies a nor-
mal bowel movement, as pain; therefore, the reported AE 
may be a consequence of methylnaltrexone efficacy [12]. 

In contrast, abdominal distension, a common consequence 
of constipation, was reported in 2.3% versus 0.6% of older 
patients receiving placebo versus methylnaltrexone. Of note, 
some patients in studies 3201 and 3356 were randomized to 
receive treatment with methylnaltrexone every other day; in 
these patients, treatment day 2 was on study day 3. Overall, 
methylnaltrexone demonstrated a favorable safety and toler-
ability profile over the doses and schedules examined in the 
pooled studies.

4.1 � Limitations

Several limitations are intrinsic to the design of this post hoc 
analysis. The use of data pooled from four studies with dif-
ferent dosing, inclusion criteria, patient populations (patients 
with advanced illness or chronic pain), and administration 
routes (subcutaneous methylnaltrexone [three studies] and 
oral methylnaltrexone [one study]) may limit the conclusions 
but allowed for evaluation of the overall effects of methylnal-
trexone in the pooled population across studies. Different 
scales and timing were used to assess opioid withdrawal 
symptoms and pain, which may limit the comparability of 
these results. Additionally, the numbers of patients < 65 
years of age greatly exceeded the number of patients ≥ 65 
years of age in these analyses. However, the overall effects 
were consistent across studies and within the pooled popula-
tion. Our studies did not test for methylnaltrexone penetra-
tion across the BBB (such as by measuring cerebrospinal 
fluid concentrations, radiolabeled methylnaltrexone), nor 
did they take into account the numerous other factors that 
may alter BBB permeability (e.g. systemic inflammation, 
dementia, stroke, or potential drug interactions involving 
CNS drug transporters). Furthermore, our pooled studies did 
not have enough patients with neurologic conditions (< 3%), 
nor did we collect data on the cognitive status of patients to 
fully understand the impact, if any, of BBB permeability 
changes on the use of methylnaltrexone in these subsets. The 
effect of methylnaltrexone among older adults with dementia 
remains unknown. Further research into the impact of these 
conditions on BBB permeability for patients who receive 
methylnaltrexone is needed.

5 � Conclusions

In this post hoc pooled analysis, methylnaltrexone use 
among those < 65 years and ≥ 65 years of age did not 
adversely affect pain control, opioid withdrawal effects, or 
AEs, but provided effective RFL. These data suggest that age 
does not impact the safety and efficacy of methylnaltrexone.
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