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Abstract: Peripherally acting μ-opioid receptor antagonists (PAMORAs) constitute a class of

drugs which reverse opioid-induced constipation (OIC) with similar opioid analgesic effects.

OIC differs from other forms of constipation in that it is an iatrogenic condition that occurs

when an opioid acts on the dense network of μ-opioid receptors in the enteric system, which

affect a variety of functions including gastrointestinal motility, secretion, and other factors that

can cause bowel dysfunction. Unfortunately, laxative products, bowel regimens, dietary

changes, and lifestyle modifications have limited effectiveness in preventing OIC, Opioid-

associated adverse effect which occurs in 40% to 80% of opioid patients and may led to

cessation of the treatment. PAMORAs are μ-receptor opioid antagonists specifically developed

so that they have very limited ability to cross the blood-brain barrier and thus they are able to

antagonize peripheral but not central μ-opioid receptors. PAMORAs are designed to have no

effect on the analgesic benefits of opioid pain relievers but to relieve but antagonizing the

effects of the opioid in the gastrointestinal system. The three main PAMORAS are methyl-

trexone (oral or parenteral), naldemedine (oral only), and naloxegol (oral only). Clinical studies

demonstrate the safety and efficacy of these agents for alleviating constipation without

diminishing the analgesic effect of opioid therapy. The aim of this narrative review to update

the current status of PAMORAs for treating OIC in terms of safety and efficacy.

Keywords: constipation, methylnaltrexone, naldemedine, naloxegol, opioid antagonism,

opioid-associated bowel disorder, opioid-associated side effects, pain

Plain Language Summary
Constipation is a common and distressing side effect of opioids. It occurs because opioid

receptors are found not only in the brain and along the spinal cord but also in the gut. When

an opioid acts as specific μ-opioid receptors in the gastrointestinal system, it can interfere

with gastric motility, that is, the body’s ability to move waste material through the

intestines. A new type of drug has been developed to help reduce the effect of opioids in

the gut without affecting how opioids work in the brain and spine. This allows the

gastrointestinal system to function normally without decreasing the pain relief that opioids

promote in the brain and spinal cord. These drugs are called peripherally acting μ-opioid

receptor antagonists or PAMORAs. They work differently than conventional laxatives

because opioid-associated constipation is different than ordinary constipation. There are

three main PAMORAs which are taken in addition to opioids in people who suffer from

opioid-associated constipation. These are methyltrexone, naldemedine, and naloxegol.
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Methylnaltrexone is available as an injection or an oral tablet;

the other drugs are available in oral formulation only. In clinical

studies, PAMORAs reduce constipation without reducing pain

relief provided by opioids.

Introduction
Peripherally acting μ-opioid receptor antagonists

(PAMORAs) represent a novel class of drugs that are

designed to reverse opioid-induced constipation (OIC)

without compromising opioid analgesic effects. OIC

differs from other forms of constipation in that it is an

iatrogenic condition that occurs when an opioid acts on

the dense network of μ-opioid receptors in the enteric

system, which affect a variety of functions including

gastrointestinal motility, secretion, and other factors

that can cause bowel dysfunction.1 Conventional laxa-

tive products, bowel regimens, dietary changes, and

lifestyle modifications have limited effectiveness in

treating OIC, as they do not address the fundamental

cause of OIC which differs from typical constipation.2–4

Long-term exposure to opioids may result in OIC char-

acterized by infrequent bowel movements, hard dry

stools, straining to evacuate the bowels, and a sense of

incomplete bowel emptying.5 OIC is a frequently

reported and distressing opioid-associated adverse effect

which occurs in 40% to 80% of opioid patients,2,6,7 and

may cause patients to discontinue or at least temporarily

stop taking opioids to obtain temporary relief.2 The

burden of OIC to the healthcare system and to patients

is substantial.8 While many opioid-associated adverse

effects diminish or even resolve with prolonged opioid

exposure and resulting tolerance, this does not occur

with OIC.2

PAMORAs are μ-receptor opioid antagonists specifi-

cally developed so that they have very limited ability to

cross the blood-brain barrier and thus they are able to

antagonize peripheral but not central μ-opioid receptors.9

PAMORAs are designed to have no effect on the analgesic

benefits of opioid pain relievers but to relieve but antag-

onizing the effects of the opioid in the gastrointestinal

system.

Several PAMORAs have been developed but not all

have come to commercial fruition. Over time, the safety

and efficacy of three main PAMORAs, methylnaltrex-

one, naldemedine, and naloxegol have been established

in a variety of studies, including large randomized con-

trolled trials. No head-to-head clinical trials among

these agents have been published. It is the aim of this

narrative review to update the current status of

PAMORAs for treating OIC in terms of safety and

efficacy.

Materials and Methods
The main database used for searches was the National

Institutes of Medicine Medline (PubMed) system. The

PubMed database was searched for the term “peripher-

ally-acting μ-opioid receptor antagonist” using the deli-

miter “clinical trial” and yielded 39 articles. Another

search for “PAMORA” and “clinical trial” found 3

results. The authors searched “opioid-induced constipa-

tion” and clinical trials and found 97 results. Then the

Web of Science database was searched for “peripherally-

acting μ-opioid receptor antagonist” and “clinical trial”

and found 13 results. The same database was searched

for “opioid-induced constipation” and “clinical trial” and

found 96 results. The Cochrane Database of Systematic

Reviews was searched for “peripherally acting mu-

opioid receptor antagonist” with 65 results, none of

which were Cochrane systematic reviews but rather

related articles. When the term “opioid-induced consti-

pation” was searched in the Cochrane database, there

was one result returned. All searches were conducted

on October 18, 2019. There was considerable overlap

among the findings, that is articles that appeared in one

search often turned up in other searches. This resulted in

48 articles which were clinical trials or meta-analyses.

When appropriate, this was supplemented with selected

sources from the bibliographies of these articles to pro-

vide background and relevant information.

We used only articles in English that were available

through these database systems. We limited clinical trials to

those published in the past 10 years as we wished to provide

an “update” on PAMORAs rather than a comprehensive

history. The authors utilized the bibliographies of these arti-

cles and general searches for background information as

needed.

Results
The safety and efficacy of PAMORAs has been well docu-

mented in the literature and subsequent analyses. Three main

PAMORAs have emerged as clinically important and there

are important differences among them in terms of mechan-

ism of action, formulation, and price. Without head-to-head

trials, it can be difficult to compare these agents.
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Methylnaltrexone Bromide
Methylnaltrexone is a methylated form of naltrexone. The

addition of a methyl group on the amine ring of the

molecule creates a more polarized compound with less

lipophilicity than the parent agent, and the methylation

greatly restricts the ability of the molecule to pass through

the blood-brain barrier.10 Methylnaltrexone was originally

administered as a subcutaneous injection but recently an

oral formulation has been developed.11 When it was first

introduced to market in 2014, it was made a Schedule II

controlled substance, because it was similar in structure to

noroxymorphone, but that has since been rescinded.12

Subcutaneous methylnaltrexone is typically used in the

hospital setting or as rescue medication for outpatients

with OIC. Dosing may be weight based or fixed.13

Methylnaltrexone was first indicated for the treatment of

OIC in patients in palliative care with advanced illness and

then later the indication was expanded to include patients

with chronic noncancer pain. There is indirect evidence that

a small amount of methylnaltrexone has centrally mediated

effects, that is, may cross the blood-brain barrier.14

Methylnaltrexone is the only PAMORA with no clinically

relevant cytochrome P450 (CYP450) drug-drug interac-

tions. It is available in two formulations (subcutaneous

injection and oral formulation). Methylnaltrexone may be

used for maintenance therapy, rescue, and it has been stu-

died with concomitant laxative therapy.

Methylnaltrexone in Cancer Patients

The use of subcutaneous methylnaltrexone in OIC patients

with cancer who are not terminally ill was evaluated in

a single-dose Phase II trial.15 Patients were included if

their prognosis ≥ 3 months and they had <3 bowel move-

ments per week. In this study of 12 patients, 33.3% (n=4)

had a rescue-free bowel movement (RFBM) within four

hours and 41.7% within 24 hrs. By 48 hrs, 83.3% had an

RFBM and difficulty in evacuating the bowels improved

significantly over 48 hrs (p=0.029), with patients tolerating

the drug well.15

In a multicenter placebo-controlled study conducted in

nursing homes, hospices, and other residential palliative

care centers, 133 patients with OIC and advanced illness

(including but not limited to cancer) were evaluated using

0.15 mg/kg subcutaneous methylnaltrexone per day or

every other day over two weeks.16,17 More methylnaltrex-

one patients had a RFBM within four hours of the first

dose compared to placebo patients, 48.4% vs 15.5%. Most

adverse events were mild to moderate and serious adverse

events in all groups were deemed associated with the

patients’ underlying disease rather than the treatment

drug.16,17 This study was followed by a multicenter open-

label extension study over 12 weeks (n=82).10 Patients

were first administered 0.15 mg/kg of methylnaltrexone

subcutaneously as a first dose which was then adjusted as

needed to 0.075, 0.15, or 0.30 mg/kg. Patients were doses

as needed, up to a maximum of one dose every 24 hrs. For

the patients entering the extension study from the methyl-

naltrexone arm (n=42), the response during the double-

blind phase (45.3%) was similar to that achieved in the

extension phase (45.5% to 57.7%). For patients entering

the extension study from the placebo arm of the double-

blind trial (n=40), the response rate increased from 10.8%

during the double-blind study to 48.3% during the first

month of the extension study. Response rates during

the second and third months of the extension study for

this subpopulation were 47.6% and 52.1%, respectively.

Median time to laxation was <1 hr (range 0 to 4 hrs) in the

double-blind phase and remained the same in the open-

label phase. Every patient treated in the extension phase

experienced at least one adverse event of which about half

were deemed by investigators to be related to the study

drug. Serious adverse events occurred in 43.9% and 39%

of patients died but all deaths were consistent with their

underlying disease and considered unrelated to the treat-

ment. Only two serious adverse events (abdominal pain

and muscle spasms) in two patients were considered pos-

sibly related to methylnaltrexone therapy. Pain scores

remained stable over the course of the study.10

Methylnaltrexone in Chronic Noncancer Pain

Patients

Noncancer pain patients with OIC were randomized to

receive subcutaneous methylnaltrexone 12 mg daily or

every other day or placebo (once daily or once every

other day) in a randomized Phase III trial with an open-

label extension in which all patients crossed over to

receive methylnaltrexone 12 mg as needed.18 At the first

dose, 9.7% in the placebo group had a RFBM within four

hours compared to 45.9% in the open-label phase who had

a RFBM within four hours of the first dose of subcuta-

neous methylnaltrexone. When patients crossed over from

the placebo group to the open-label phase with as-needed

subcutaneous methylnaltrexone, the percentage of those

with ≥3 RFBM increased from 35% to 40%. Adverse

events were reported in 32.8% of the placebo patients

during the randomized phase and 43.3% of the patients
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in the open-label phase (when they received subcutaneous

methylnaltrexone as needed).18

A double-blind, placebo-controlled study of 460 chronic

noncancer pain patients were administered 12 mg subcuta-

neous methylnaltrexone once a day, once every other day, or

placebo on the same schedule for four weeks; both 34.2% of

bothmethylnaltrexone groups had a RFBMwithin four hours

of the dose compared to 9.9% for placebo (p<0.001). Mean

responses within four hours of receiving a dose of subcuta-

neous methylnaltrexone were 30.2% for both daily and

every-other-day methylnaltrexone patients and 9.4% and

9.3% for placebo daily or every other day.19 Overall, methyl-

naltrexone patients had more RFBMs per week than placebo

patients: 1.6 more for daily dosing (p<0.001) and 0.7 more

for every-other-day dosing (p<0.011).19

In a post-hoc analysis of a double-blind study (n=137)

of chronic noncancer pain patients who received subcuta-

neous methylnaltrexone 12 mg once a day for four weeks,

it was found that 42.3% had an RFBM after ≥2 of 4 doses

and, within that subpopulation, 81% had ≥3 RFBMs per

week.20 Those who had an early response, that is an

RFBM after two or more of the first four doses averaged

4.8 RFBM a week compared to 2.0 for the group with

fewer than two responses out of four week (p<0.0001).

This suggests that an early response to two or more of the

first four doses of methylnaltrexone predicts robust effec-

tiveness over the duration of therapy.20

Methylnaltrexone in Postsurgical Patients

A double-blind randomized parallel-group placebo-controlled

phase II study evaluated the use of subcutaneous methylnal-

trexone 12 mg once a day in 33 patients with acute OIC

following an orthopedic surgery for four to seven postopera-

tive days.21 Patients receiving methylnaltrexone had a bowel

movement within 2 hrs of dosing versus placebo (33.3% vs

0%, p=−0.021) or 4 hrs (38.9% vs 6.7%, p=0.046) with

a median time to laxation of 15.8 hrs for methylnaltrexone

and 50.9 hrs for placebo (p=0.020). Pain scores were similar

in both methylnaltrexone and placebo patients with 33.3% of

methylnaltrexone patients reporting at least one treatment-

emergent adverse event compared to 26.7% in the placebo

group.21 The use of methylnaltrexone for postsurgical pain is

currently considered off label.

Long-Term Use of Methylnaltrexone

An open-label multicenter phase III study evaluated 1034

chronic noncancer pain patients with OIC taking subcuta-

neous methylnaltrexone 12 mg once a day for 48 weeks.

Patients had significant improvement over baseline in

mean number of weekly bowel movements, Bowel

Movement Straining Score, Bristol Stool Scale score, and

complete evacuation (p<0.001 for all).22 Adverse events

were mostly mild to moderate and 15.2% of patients

dropped out because of an adverse event.

Oral Methylnaltrexone

In a study of 803 adults with chronic noncancer pain and

OIC on a regimen of ≥50 mg/day oral morphine equiva-

lents were randomized to one of four groups: once-daily

oral methylnaltrexone 150, 300, or 450 mg or placebo.23

Patients took this dose for four weeks and then as needed

for eight weeks. Responders were defined as those who

had at least three RFBMs a week with an increase of one

RFBM over baseline for at least 3 of 4 weeks. There were

significantly more responders in the methylnaltrexone

groups 300 and 450 mg (49.3% p=0.03 and 51.5%,

p=0.005) compared to placebo (38.3%). The increase in

the mean number of weekly RFBMs was 0.5 for 300 and

450 mg methylnaltrexone (p=0.03 and p=0.02, respec-

tively) compared to placebo. All doses of methylnaltrex-

one were well tolerated.23

An oral methylnaltrexone formulation was evaluated in

803 adults with OIC randomized to 150, 300, or 450 mg oral

methylnaltrexone or placebo daily for four weeks and then

dosed as needed for the next eight weeks.23 Responders were

considered those who had ≥3 RFBM a week with an increase

of ≥1 RFBM a week over baseline and for ≥3 of four weeks

in the “as needed phase.” The percentage of responders was

42.8%, 49.3%, 51.5%, 38.3% for oral methylnaltrexone

150 mg, 300 mg, 400 mg, and placebo, respectively, with

significant improvement in 300 mg and 400 mg groups

versus placebo during the study and in the as needed period

as well. A statistically significant difference in efficacy

emerged at the outset of the study between methylnaltrexone

450 mg and 300 mg which was largely maintained over the

course of the study, leading investigators to state that 450 mg

oral methylnaltrexone was the more effective dose.23

Methylnaltrexone as Rescue Therapy

In a study using pooled data from two randomized, dou-

ble-blind, placebo-controlled phase III studies (n=288), it

was found that more than 50% of patients experienced

a RFBM within four hours of the first dose of subcuta-

neous methylnaltrexone (0.15 or 0.30 mg/kg dose) com-

pared to 14.6% of placebo patients.24
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Table 1 Adverse Events in Studies of Methylnatrexone for the Treatment of OIC. All Patients in These Trials Had OIC

Study Drug Patient Population Safety Results AE Severity Comments

Anissian 201121

SQ MTX 12 mg

QD

RCT

33 pt with acute OIC

following orthopedic

surgery

AEs reported in 33% of MTX and 27% of placebo pt

Most common AEs possibly related to study drug:

nausea, abdominal pain, diarrhea

GI adverse events occurred in 17% of MTX and 7%

of placebo pt

No serious AEs occurred 2 pt in MTX group

discontinued the drug

No changes in

analgesia

No signs of OWS

Bull 201513

SQ MTX 8 or

12 mg/kg QOD

Placebo-

controlled with

OLE

230 patients with

advanced illness in DB

study and 149 entered

OLE

AEs occurred in 82% of MTX and 74% of placebo pt in

RCTand in 90.6% of OLE pt

Most commonAE inMTX ptwas abdominal pain, 33%

vs 17% in RCT

In OLE most common AEs (≥ 5 pt) deemed at least

possibly related to MTX were abdominal pain (15%),

diarrhea (7%), and flatulence (3%)

No serious AEs in the RCT

or OLE were considered

related to MTX

Most side effects were mild

to moderate

No clinically

meaningful changes in

pain, analgesia

reported in RCT or

OLE

OWS results not

reported

Chamberlain

200916

SQ

Methylnaltrexone

0.15 mg/kg every

other day for 2

wk

RCT

71 patients with

advanced illness

Abdominal pain, flatulence, nausea, increased body

temperature, dizziness occurred in ≥ 5% more

MTX pt than placebo patients

Most common AEs were abdominal pain, flatulence,

vomiting

Most AEs in both groups

were mild to moderate

Serious AEs occurred in both

active and control groups but

all were deemed related to

the underlying illness

On the Himmelsbach

Withdrawal Scale,

≤4% of patients in

either group had

a change from none

to mild to moderate

1 pt taking MTX had

severe OWS at day

14

Lipman 201110

SQ MTX

0.15 mg/kg as

needed with

dosing

adjustments

possible up to

0.3 mg/kg or

0.075 mg/kg

OLE

82 pt with advanced

illness who had

previously

participated in the

study reported below

under Thomas 2008

Every pt experienced at least 1 AE with most

common AEs: abdominal pain (30.5%), cancer

progression (24.4%), nausea (20.7%) and vomiting

(19.5%)

57/82 pt had GI AEs of which 31 were possibly or

probably or definitely related to MTX and 26/82

AEs were not

Serious AEs occurred in

43.9% of pt but the most

common related to the

underlying disease (neoplasm

progression)

Serious AE deemed possibly

related to MTX occurred in 1

pt (muscle spasms)

6 pt discontinued

MTX because of AEs

No pt reported

clinically meaningful

changes in analgesia

or pain intensity

Most pt had no signs

or mild signs of OWS

Mori 201715

SQ MTX

Single-dose (not

stated)

Observational

12 cancer patients No severe AEs at 4 h

1 severe AE at 24 h (nausea)

1 severe AE at 48 h (abdominal pain)

Most frequent AEs at 4, 24, and 48 h: mild to

moderate flatulence

No reports of injection site reaction.

Most AEs were mild to

moderate

No signs of OWS

Nalamachu

201524

SQ MTX

Pooled analysis

from 2 RCTs

165 pt with advanced

illness

Any AE for MTX:

0.15 mg/kg: 77%

0.30 mg/kg: 82%

Pooled: 79%

Placebo: 68%

Most common AEs for MTX were abdominal pain

(28% vs 10% placebo), flatulence (7% vs 12%

placebo), vomiting (9% vs 8% placebo), restlessness

(7% MTX and placebo), peripheral edema (4% vs 7%

placebo), abdominal distension (2% vs 6% placebo),

and fall (2% vs 6% placebo)

Most AEs were mild to

moderate, 10% were serious

and the most common of

which was neoplasm

progression (unrelated to

study drug).

Analgesia and OWS

not reported

No discontinuations

reported

(Continued)
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Table 1 (Continued).

Study Drug Patient Population Safety Results AE Severity Comments

Rauck 201723

Oral MTX (150,

300, or 450 mg)

QD for 4 wk then

PRN for 8 wk

RCT

803 chronic

noncancer pain pt

Over 12 wk, abdominal pain occurred in 11% MTX

vs 9% placebo pt; nausea 6% vs 9%; diarrhea 8% vs

4%.

AEs were similar by dose to placebo:

MTX 150: 86%

MTX 300: 87%

MTX 450: 86%

Placebo: 86%

Most AEs were mild to

moderate.

Serious AEs occurred in 3%

of MTX groups (pooled) vs

4% of placebo

Those who

discontinued the drug

were similar by

group:

MTX 150: 1%

MTX 300: 3%

MTX 450: 0

Placebo: 2%

Analgesia remained

similar across all

groups for 12 wk

OWS not reported

Thomas 200817

SQMTX0.15mg/

kg every

other day for 2wk

Placebo

controlled

In the extension

phase, doses

could increase, as

needed, max

0.3 mg/kg

133 pt with advanced

illness

Most commonly reported AEs in both groups (≥5%

or more of pt affected): abdominal pain, flatulence,

nausea, increased body temperature, and dizziness

but were reported more in the MTX than placebo

group

Falls and hypotension occurred more often in the

placebo group

Most AEs were mild to

moderate

Serious and severe AE

occurred in 17% and 8% of

MTX pt respectively and 28%

and 13% of placebo patients,

most of which were related

to the underlying disease

Life-threatening AE occurred

in 16% of MTX and 15% of

placebo patients, all of which

were deemed related to the

underlying illness

6% of MTX and 7% of

placebo patients discontinued

the study drug during the

study

The extension phase

of this study is

reported as Lipman

Viscusi 201619

SQ MTX (12 mg

QD, 12 mg

QOD) in RCT

for 4 wk

460 patients with

noncancer pain in the

RCT, of whom 134

entered the OLE and

crossed over to SQ

MTX 12 mg PRN

33% of RCT and 43% of OLE pt had an AE.

In the OLE, the most common AEs were abdominal

pain, nausea, and urinary tract infections

Serious AEs were reported

by 1 pt in RCT and 4 pt in

OLE, none of which were

considered MTX related

Abdominal pain

typically decreased

over time

Analgesia changes and

OWS not reported

Webster 201722

SQ MT 12 mg

QD, 48 wk

Open-Label

1034 pt with

noncancer pain

79% of pt reported an AE, most AEs were GI (24%

abdominal pain, 16% diarrhea, 7% vomiting, 7%

upper abdominal pain, 6% flatulence)

11% reported a psychiatric disorder (anxiety,

depression, insomnia)

Most mild to moderate with

6% severe. The most

common severe AE was

abdominal pain (4%).

10% reported serious AEs of

which four patients had AEs

possibly related to MTX

15% of pt

discontinued because

of AEs

1.5% reported

a cardiac AE but no

clear causal link to

MTX could be found

No sign of OWS

Analgesia changes not

reported

Note: Data from these studies.10,13,15–18,21−24

Abbreviations: AE, adverse event; GI, gastrointestinal; h, hour; max, maximum; mg, milligram; mg/kg, milligram per kilogram; MTX, methylnaltrexone; OLE, open-

label extension (study); OWS, opioid withdrawal syndrome; pt, patient(s); QD, once a day; QOD, once every other day; RCT, randomized clinical trial; SQ,

subcutaneous; wk, week.
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Adverse Events Associated with Methylnaltrexone

Adverse events have been reported in these trials which

are sometimes caused by the patient’s underlying illness or

other factors. See Table 1.

A post-hoc analysis of patients from two double-blind

placebo-controlled clinical trials (n=288) utilized patient

descriptions in order to evaluate adverse events associated

with methylnatrexone.25 Most patients called these effects

“cramping” or “abdominal cramps” and considered them

mild to moderate in intensity. These cramping symptoms

did not impact the patients’ global assessment of their

pain. Adverse events were most intense and noticeable

with the first dose and their severity diminished over the

course of treatment. There emerged a correlation between

reported abdominal pain and the rapidity of an RFBM

following the first dose. Methylnaltrexone patients report-

ing abdominal pain had an RFBM in the first four hours

after dosing in 80% of cases compared to 47.2% of

methylnaltrexone patients who did not report abdominal

pain. A similar pattern occurred in placebo patients; 33%

of those reporting abdominal pain had an RFBM within

four hours of the first dose compared to 13.7% who did not

report any pain.25

Methylnaltrexone Dosing

Results of two Phase IV randomized placebo-controlled

studies of subcutaneous methylnaltrexone with OIC

patients with advanced illness showed the use of fixed

rather than weight-based dosing of methylnaltrexone.13

About two-thirds of the study population had cancer, but

pulmonary disease, cardiovascular disease, or a terminal

neurological disorder was also represented. Patients

received a fixed dose of either 8 or 12 mg methylnaltrex-

one (based on body weight) or placebo every other day for

two weeks. At the completion of the two-week studies,

patients could continue in an open-label extension study

with methylnaltrexone administered as needed (PRN). The

primary endpoint of the studies was percentage of patients

who had an RFBM within four hours after ≥ 2 of the first

four doses of methylnaltrexone in the first week. The

studies enrolled 116 and 114 patients, respectively, and

149 patients continued to the open-label extension. Taken

together, methylnaltrexone patients were significantly

more likely to achieve the primary endpoint (62.9% vs

9.6%, p<0.0001). The median time to RFBM after the first

dose was 0.8 hrs for methylnaltrexone compared to

23.6 hrs for placebo (p<0.0001).13

In a meta-analysis (n=1239, 6 studies) of the efficacy

of methylnaltrexone for treatment of OIC, the true risk

difference between methylnaltrexone and placebo in the

frequency of RFBMs is between 0.267 and 0.385, which is

significant (p<0.0001).26 This significance applied to doses

of 0.15 and 0.30 mg/kg/day dosed every other day as well

as doses of 12 mg/day.

Naldemedine
Cleared for market release in the United States in 2017,

naldemedine is the newest of the PAMORA drugs.

A derivative of naltrexone with selectivity in the periphery,

naledemedine is a P-glycoprotein substrate metabolized via

the CYP3A enzyme. As such, drug-drug interactions may

occur in the setting of CYP3A4 inhibitors (diltiazem, ver-

apamil, clarithromycin, erythromycin, others, and foods

such as grapefruit). Naldemedine is once-daily oral agent

indicated for treating OIC in cancer patients and for chronic

noncancer pain patients. Naldemedine has been extensively

studied in a series of clinical trials under the heading

COMPOSE.

The COMPOSE Suite of Studies

A suite of large, multicenter, international studies to eval-

uate the safety and efficacy of naldemedine have been

published. In all of these studies, naldemedine was effec-

tive but associated with adverse events, most of which

were mild to moderate. These studies evaluated short-

term and long-term use of naldemedine in two main

patient populations: those with chronic noncancer pain

and those with cancer pain. See Table 2.

Published in 2013, the COMPOSE-1 and COMPOSE-2

studies demonstrated that naldemedine therapy had

a higher response rate for OIC than placebo in chronic

noncancer pain patients and was generally well tolerated

although it had a higher rate of adverse events than pla-

cebo (15% vs 7% and 16% vs 7% for COMPOSE-1 and 2,

respectively).27

The COMPOSE-4 study evaluated the efficacy of nal-

demedine for OIC treatment in cancer patients as well as

how naldemedine affected quality of life.28 Patients

received 0.2 mg of oral naldemedine per day, and the dose

of naldemedine could be reduced or discontinued if adverse

events occurred. Patients had approximately 1 spontaneous

bowel movement (SBM) per week upon enrollment.28 More

patients in the naldemedine group experienced three or

more complete spontaneous bowel movements (CSBM) in

a week compared to placebo patients (40.2% vs 12.5%,
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p<0.0001). The median time to onset of relief with nalde-

medine vs placebo was 4.7 vs 26.6 hrs for an SBM and 24.0

versus 218.5 hrs for CSBM (both p<0.0001).28 Measured

on the Patient Assessment of Constipation-Symptoms

(PAC-SYM) and Patient Assessment of Quality of Life

(PAC-QOL) surveys, there were no significant changes

over baseline at 15 days with naldemedine or placebo in

COMPOSE-4 but in COMPOSE-5 naldemedine patients

had significant improvement over baseline in both surveys

at all points in time (p<0.0001, all). No deficits in pain

control were reported.28 This two-week study was followed

by COMPOSE-5, an open-label, 12-week observational

extension study to evaluate naldemedine safety and quality

of life of 131 subjects from COMPOSE-4.

The COMPOSE-5 open-label extension study from

COMPOSE-4 found 80.2% of patients reported at least

one treatment-emergent adverse event, of which diarrhea

was the most commonly reported. Naldemedine had no

clinically relevant effect on pain control and patients did

not experience symptoms of opioid withdrawal.28

These were followed by two long-term studies from Japan,

COMPOSE-6 and COMPOSE-7, which enrolled chronic non-

cancer pain patients for 48 weeks (43 and 10 patients,

respectively).29 Treatment-emergent adverse events occurred

in 88% and 90% of patients, respectively. Pain relief and

symptoms of opioid withdrawal were stable in patients over

the course of the study. Responders based on frequency of

bowel movements were 81.0% in COMPOSE-6 (95% con-

fidence interval, 65.9–91.4%) and 90.0% in COMPOSE-7

(95% confidence interval, 55.5–99.7%).29

Other Naldemedine Studies

The long-term effects of naldemedine for OIC in chronic

noncancer pain patients on opioid therapy was evaluated in

a randomized, 52-week, double-blind, phase III study in

which patients were randomized to oral naldemedine

0.2 mg once daily or placebo (n=1246).30 The primary

endpoint was treatment-emergent adverse events which

occurred in 68.4% of naldemedine and 72.1% of placebo

patients (−3.6%, 95% confidence interval, −8.7 to 1.5).

Table 2 An Overview of the COMPOSE Studies of Naldemedine

Trial Population Description Results

COMPOSE-1

Phase III

12 weeks

547 chronic noncancer

pain patients

Multicenter, randomized,

double-blind, placebo-

controlled, parallel group

47.6% of naldemedine vs 34.6% of placebo group

were responders

COMPOSE-2

Phase III

12 weeks

553 chronic noncancer

pain patients

Multicenter, randomized,

double-blind, placebo-

controlled, parallel-group

52.5% of naldemedine vs 33.6% of placebo group

were responders

COMPOSE-3

Phase III

52 weeks

2414 chronic noncancer

pain

Multicenter, randomized,

double-blind, placebo-

controlled study

Adverse events and treatment-emergent adverse

events similar between naldemedine and placebo.

Quality of life significantly better with naldemedine

COMPOSE-4

Phase III

2 weeks

193 cancer patients Randomized, double-blind,

placebo- controlled study

Significantly more responders with naldemedine

0.2 mg than placebo

COMPOSE-5

Open-label extension study of

COMPOSE-4

12 weeks

131 cancer patients Safety study 80.2% of patients experienced at least one treatment-

emergent adverse event, no analgesic deficits.

COMPOSE-6

Phase III

Safety study

48 weeks

43 chronic noncancer pain Safety study Treatment-emergent adverse events occurred in 88%

of patients; 81.0% of patients were responders

COMPOSE-7

Phase III

Safety study

48 weeks

10 chronic noncancer pain Safety study Treatment-emergent adverse events occurred in 90%

of patients; 90.0% of patients were responders
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Treatment-emergent adverse events that caused the patient

to drop out of the study occurred in 6.3% of naldemine and

5.8% of placebo patients (0.5%, 95% confidence interval,

−2.2 to 3.1). The groups had no statistically significant

differences in withdrawal symptoms or pain intensity.

Naldemedine patients had more frequent bowel move-

ments and better quality of life at all time points in the

study compared to the placebo patients (p ≤ 0.0001).30

A meta-analysis of randomized clinical trials (n=2762; 6

studies) found SBM responders were significantly more fre-

quent in naldemedine than placebo groups (56.4% vs 34.7%,

p<0.00001) with no statistically significant difference between

naldemedine groups and placebo in terms of side effects.31

Dosing and Pharmacokinetics of Naldemedine

Naldemedine’s pharmacokinetic properties were evaluated

in two randomized, double-blind, placebo-controlled Phase

I studies in healthy volunteers.32 There was a single escalat-

ing dose study where patients received one dose of nalde-

medine (1 to 100 mg) or placebo (42 naldemedine and 14

placebo patients). There was also a multiple-dose study

where subjects received 3 to 30 mg naldemedine daily

(n=27) or placebo (n=9) for 10 days. On the first day of

the single-dose study, plasma concentrations were 1.98 to

2510 ng/mL, peaking at 0.5 hrs with 15.9% to 20.5%

excreted in the urine; in contrast, on the tenth day of the

multiple-dose study, plasma concentrations ranged from

73.8 to 700 ng/mL, peaking at 0.5 to 0.75 hrs, with 19.1%

to 19.7% excreted in the urine. No major safety or toler-

ability issues emerged at any doses. Adverse events were

not dose dependent and gastrointestinal adverse events were

more common with naldemedine than placebo.32

A randomized, double-blind, multicenter, dose-finding

study of naldemedine evaluated 225 cancer patients who

had been on a stable opioid analgesic regimen for at least

two weeks and had at least one symptom of constipation

despite the use of laxatives and no more than five sponta-

neous bowel movements (SBMs) in the past 14 days.33

Patients were randomized to one of four groups: placebo

or oral naldemedine at 0.1 mg, 0.2 mg, or 0.4 mg. The

primary endpoint of this study was the change in SBM

frequency/week compared to baseline. All naldemedine

groups had more frequent weekly SBMs than placebo

patients. Treatment-emergent adverse events were more

frequent with naldemedine than placebo (66.1%, 67.2%,

and 78.6% for naldemedine 0.1, 0.2, and 0.4 mg, respec-

tively, versus 51.8% for placebo). The most frequently

reported adverse event was diarrhea.33

A similar phase IIb study randomized 244 chronic

noncancer pain patients in a four-week study of 0.1, 0.2,

or 0.4 mg of oral naldemedine daily compared to

placebo.34 The weekly frequency of SBM was higher

with naldemedine 0.2 mg (3.37, p=0.0014) and 0.4 mg

(3.64, p=0.0003) but not with 0.1 mg (1.98, p=0.3504).

Patients with three or more SBMs per week and an

increase of at least one SBM a week over baseline for at

least two weeks of treatment were deemed responders;

71.2% of naldemedine 0.2 mg and 66.7% of naldemedine

0.4 mg patients were responders (p=0.0005 and p=0.003,

respectively) as were 52.5% of naldemine 0.1 mg patients

(not significant) and 39.3% of the placebo group. Adverse

events increased with naldemedine group but were mostly

mild to moderate in severity. This study concluded that

oral naldemedine 0.2 mg per day was the optimal dose.34

A phase IIb trial of OIC cancer patients was conducted

comparing oral once-a-day naldemedine 0.1, 0.2, or

0.4 mg and placebo over 14 days.33 All naldemedine

groups had significantly more SBMs per week than pla-

cebo (p<0.05 for all) and improvement in straining during

evacuation occurred in naldemedine 0.2 and 0.4 mg daily

vs placebo, but not for 0.1 mg naldemedine. Improvements

occurred in dose-dependent fashion. Treatment-emergent

adverse events were common and occurred in 66.1%,

67.2%, 78.6%, and 51.8% of naldemedine 0.1, 0.2,

0.4 mg and placebo, respectively.33

Naloxegol
Naloxegol is a PEGylated derivate of naloxone created as

an oral PAMORA. In the United States, naloxegol is

approved for treating adults with OIC and chronic non-

cancer pain, while in the European Union, naloxegol is

also approved for adults who have had an inadequate

response to laxative therapy.35 Available in doses of 12.5

and 25 mg it has predictable pharmacokinetics even over

a wide range of doses (up to a single dose of 1000 mg)

with rapid absorption and mean time to plasma concentra-

tion < 2 hrs. Steady state occurs at about two or three days

with minimal observed accumulation of the agent.

Naloxegol is metabolized via the CYP450-3A4 enzymatic

system and antagonizes the peripheral but not central

effects of morphine.36

Naloxegol in Cancer Patients

Naloxegol is not indicated for the treatment of OIC in

cancer pain patients. The KODIAC-06 study was designed
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to evaluate naloxegol in cancer patients but had to be

discontinued early because of lack of patient enrollment.37

Naloxegol in Chronic Noncancer Pain Patients

In two identical phase III double-blind placebo-controlled

studies (652 and 700 patients, respectively), chronic non-

cancer pain patients with OIC were administered 12.5 or

25 mg daily of naloxegol or placebo for 12 weeks.38 The

primary endpoint was ≥3 SBM a week with an increase of

≥1 SBM over baseline for 9/12 weeks and ≥3 of the final

four weeks of the study. Naloxegol 25 mg was significantly

superior to placebo for the primary endpoint: 44.4% vs

29.4%, p=0.001 for the first study (called Study 04) and

39.7% vs 29.3%, p=0.02 for the second study (Study 05). In

Study 04, naloxegol 12.5 mg was statistically significantly

more effective than placebo with response rates of 40.8% vs

29.4%, p=0.02. Pain scores were similar among all study

groups and adverse events were most frequently reported in

the naloxegol 25 mg group.38

Two identical phase III double-blind, placebo-

controlled studies evaluated 12.5 and 25 mg doses of

naloxegol in noncancer pain outpatients with OIC (4652

and 5700 patients, respectively).38 The primary endpoint

of the 12-week study was ≥3 SBMs a week and an

increase of ≥ 1 bowel movement per week over baseline

for at least nine of the 12 weeks and for at least three of

the final four weeks of the study. Response rates were

significantly superior for naloxegol 25 mg than placebo

(44.4% vs 29.4%, p=0.001 and 39.7% vs 29.3%, p=0.02

for the two respective studies). A significant improvement

over placebo was also observed for 12.5 mg naloxegol in

the first study (40.8% vs 29.4%, p=0.02). The time to first

SBM after a dose and a higher average number of days in

the week with ≥1 SBM was superior in the group treated

with 25 mg naloxegol in both studies (p<0.001). Pain

scores and daily dose of opioid analgesics were similar

among all three study arms but adverse events were more

frequently reported in the 25 mg naloxegol group.38

Two randomized, double-blind, 12-week studies,

KODIAC-04 and KODIAC-05, evaluated pain control in

chronic noncancer pain patients with OIC treated with oral

naloxegol 12.6 or 25 mg or placebo daily.39 In KODIAC-

04 (n=652), the mean pain score at baseline was 4.5 and

changed over 12 weeks by −0.2 ± 1.07 for naloxegol

12.5 mg, −0.3 ± 0.87 for naloxegol 25 mg compared to

0.2 ± 0.95 for placebo (not significant). In KODIAC-05

(n=700), mean pain score at baseline was 4.6 and changed

by −0.1 ± 0.94 for naloxegol 12.5 mg, −0.1 ± 0.87 for

naloxegol 25 mg, and 0.0 ± 1.18 for placebo (not signifi-

cant) at 12 weeks. These studies suggest that opioid

analgesia was maintained and not adversely affected over

12 weeks of naloxegol treatment.39 A 12-week extension

of the KODIAC studies was published as the KODIAC-07

which compared daily doses of oral naloxegol 12.5 and

25 mg to placebo with the primary endpoint being adverse

events as well as pain scores, daily opioid dose, and

quality of life metrics in chronic noncancer pain patients.

The rate of adverse events was higher with 25 mg oral

naloxegol, as expected, compared to 12.5 mg or placebo

(41.2%, 34.0%, and 33.0%, respectively) and the treat-

ment-emergent adverse events occurring in more than

5% of patients in either naloxegol group were arthralgia

(5.2% of the 25 mg naloxegol group) and diarrhea (5.3%

in the 12.5 mg naloxegol group).40

Long-Term Naloxegol Studies

The long-term safety of naloxegol was evaluated in a 52-

week clinical study in noncancer pain patients taking 30 to

1000 morphine equivalents per day for at least four

weeks.41 Patients were randomized to receive naloxegol

25 mg per day or the usual care (investigator-determined

laxative and/or bowel regimen). A total of 804 patients

were included in the safety set with a mean duration of

naloxegol exposure of 268 days (mean duration of usual

care was 297 days). Adverse events occurred in 81.8% of

the naloxegol and 72.2% of the usual-care study arms. The

rate of side effects of naloxegol and usual care were 17.8%

vs 3.3% for abdominal pain, 12.9% vs 5.9% for diarrhea,

9.4% vs 4.1% for nausea, 9.0% vs 4.8% for headache,

6.9% vs 1.1% for flatulence, and 5.1% vs 1.1% for pain in

the upper abdominal region. Most of the adverse events

occurring in the naloxegol group resolved upon naloxegol

discontinuation. Two patients in each group had major

adverse cardiovascular events (MACE) that were deter-

mined to be unrelated to the study drug.41

Naloxegol Dosing and Pharmacokinetics

An open-label, randomized study of naloxegol provided 42

healthy subjects with four single-dose treatments of nalox-

egol between 7-day washout periods. Subjects came to the

study center the day before dosing and resided there for

48 hrs; fasting was required 10 hrs before dosing and four

hours afterward. Samples were taken over the next 72 hrs.

The four treatment arms produced similar pharmacokinetic

results. All patients were administered 25 mg naloxegol

which was given crushed, suspended in water, and taken
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orally; crushed, suspended in water and administered by

nasogastric tube; mixed in 10 mL of an oral aqueous

sweetened solution; and as an intact tablet taken orally.

This study found that the tablet was bioequivalent to

solutions and that dissolving the tablets in water or admin-

istering a solution by nasogastric tube did not reduce the

rate or extent of naloxegol absorption.42

In a single ascending-dose study in healthy men,

naloxegol exhibited linear pharmacokinetics up to

doses of 1000 mg with low to moderate pharmacoki-

netic variability among subjects.43 No sex differences

were observed in a multiple ascending dose study which

found doses up to 250 mg every 12 hrs were well

tolerated.44 Because naloxegol relies on P-glucoprotein

to maintain peripheral selectivity and is a substrate for

the CYP3A enzyme system, drug-drug interactions must

be considered, and it is contraindicated in patients tak-

ing drugs that greatly inhibit the CYP3A4 system.45

When naloxegol was administered concomitantly with

quinidine in healthy volunteers taking 5 mg/70 kg intra-

venous morphine, it was found that the AUC of nalox-

egol and the Cmax increased, but it had no effect on

morphine-induced miosis.46 Quinidine acts by inhibition

of the CYP3A4 enzyme. This implied that the inhibition

of P-glycoprotein (PGP), which is a substrate for the

CYP3A enzyme, did not enhance the ability of nalox-

egol to penetrate the central nervous system. Neither

quinidine nor placebo affected the pharmacokinetic

properties of naloxegol, nor were the properties of mor-

phine affected by the administration of naloxegol.46

A phase II double-blind, placebo-controlled, dose-

escalation study in 207 OIC patients taking a stable

dose of 30 to 1000 morphine milligram equivalents for

at least two weeks were randomized for a four-week

treatment course with naloxegol 5, 25, or 50 mg a day

or placebo in sequential cohorts after a one-week pla-

cebo run-in.47 Patients receiving naloxegol 25 or 50 mg

a day had significantly superior results in the median

change in the number of SBMs per week after one week

of dosing compared to baseline (2.9 vs 1.0, p=0.0020

and 3.3 vs 0.5, p=0.0001, respectively) and the

increased rate of SBMs could be maintained over four

weeks with naloxegol 25 and 50 mg. Pain was similar in

both groups but adverse events were more frequently

reported in the naloxegol groups and they were most

frequent and had greater severity in the naloxegol 50 mg

group.47

Other Naloxegol Studies

Opioid-induced bowel dysfunction may be caused in part

by malfunction of the anal sphincter during defecation. In

a double-blind crossover study of 24 healthy men, treat-

ment was oral oxycodone 15 mg twice a day combined

with oral naloxegol 25 mg once daily or placebo.48 Prior to

the first dose and on the sixth day of this study, anal

resting pressure and recto-anal inhibitory reflex (RAIR)

were measured with manometry and rectal balloon disten-

sion. A probe was used to measure the functional lumen,

that is, the distensibility of the anal canal. The use of

naloxegol provided RAIR-induced sphincter relaxation of

15% (−45.9 vs −38.8 mmHg, p<0.01) but naloxegol was

not different from placebo in terms of anal resting pressure

and anal canal distensibility.48

Other PAMORAs
There are a number of possible OIC treatments that are not

addressed in this review. For example, few PAMORAs

have been developed but are not commercially available

today. A product related to naltrexone, 6β-naltrexol was

explored as a PAMORA for OIC but never commercially

developed.49 Alvimopan, a PAMORA that was approved

for accelerating upper and lower gastrointestinal tract

recovery following partial bowel resection with primary

anastomosis, never sought regulatory approval for treat-

ment of OIC.50 Alvimopan is an oral agent indicated for

the short-term treatment of postoperative ileus in hospita-

lized patients.45 However, alvimopan had been studied in

chronic noncancer pain patients with OIC. In one rando-

mized placebo-controlled study, 485 patients were rando-

mized to 0.5 alvimopan once or twice daily for 12 weeks.

Response rate, defined as patients with ≥3 SBMs a week

and ≥1 more SBM a week over baseline, were similar

between groups (63% for both alvimopan groups vs 56%

placebo).50 In a similar placebo-controlled study (n=518)

of noncancer pain patients, the 0.5 mg alvimopan twice-

daily group had significantly higher responder rates than

the placebo group (72% vs 48%, p<0.001) and alvimopan

was well tolerated.51

Clinical Considerations
The clinical efficacy of methylnaltrexone, naldemedine,

and naloxegol are well established in a variety of clinical

trials. However, there remain some important safety points

to consider and clinical considerations for prescribers.
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Cardiovascular Safety

The possible association between PAMORAs and cardio-

vascular adverse events remains to be elucidated. An

increase in myocardial infarction has been observed in

studies where patients took alvimopan twice daily.52

Alvimopan has been associated with an increased risk for

myocardial infarction when used long term; it is indicated

for postoperative ileus for hospital inpatients rather than

chronic use and it is not indicated for OIC.45 However, the

postulated mechanism of action may be of general interest

for OICs. It has been suggested that the antagonism at the

μ-opioid receptors may work against the contraction of

smooth muscles caused by opioids.53,54 This effect of

smooth-muscle relaxation occurs in the gastrointestinal

tract, but it is possible it might occur in the smooth muscle

of the heart.

In a long-term study of daily methylnaltrexone 12 mg in

1034 chronic noncancer pain patients, nine patients experi-

enced a serious cardiac-related adverse event (<1%); all of

these instances occurred in patients who had prior cardio-

vascular risk factors.22 A post hoc study of these events by

a blinded external committee adjudicated 3/7 of the events

to be major adverse cardiac events (MACE). In addition, 5/

1034 patients discontinued the study because of prolonga-

tion of the QT interval deemed to be caused by methylnal-

trexone; in all five cases, the QT interval returned to normal

values once the study drug was discontinued.22

Naloxegol has also been implicated for possibly pro-

longation of the QT interval, which can elevate the risk for

a potentially life-threatening arrhythmia, typically poly-

morphic ventricular tachycardia.55 A positive- and pla-

cebo-controlled single-dose study in 52 healthy adult

men evaluated therapeutic naloxegol (25 mg), suprather-

apeutic naloxegol (150 mg), moxifloxacin 400 mg (posi-

tive control) and placebo in the Williams Latin Square

Design (1 in 4 sequences) with a washout period between

doses of at least five days. The QT intervals of subjects

were evaluated by digital 12-lead ECG at baseline and at

10 points over the 24 hr post-dosing period for each of the

four doses. The mean increases in the QT interval for both

naloxegol doses were <5 milliseconds at each time point

and it was determined that naloxegol had no clinically

meaningful effect on the QT duration.55

However, it must be considered that PAMORAs are by

definition administered to patients with cancer or chronic

noncancer pain, which are often associated with comorbid-

ities such as cardiovascular risk factors. In an analysis of

four phase III clinical studies of naloxegol 12.5 or 25 mg in

noncancer pain patients (n=2135) it was found that 68% of

patients had at least one risk factor for cardiovascular dis-

ease and 41% had a history of cardiovascular disease or

diabetes.56 Over the course of these studies, there were no

increases reported in blood pressure, heart rate, or rate-

pressure product. The rate of MACE per 100 patient-years

of exposure was 1.13 (95% confidence interval 0.31 to

2.89) for placebo compared to 0.75 (95% confidence inter-

val, 0.24–1.75) for naloxegol at all doses across all studies.

The relative risk of MACE for naloxegol versus placebo or

usual care was 0.67 (95% confidence interval, 0.14 to 3.36).

No clinically meaningful changes in the ECG were

observed in naloxegol or placebo patients. Among patients

with pre-existing cardiovascular disease, two or more risk

factors for cardiovascular disease, or pre-existing diabetes,

there was a higher proportion of adverse cardiovascular

events but these proportions were similar in the naloxegol

and placebo/usual care groups.56 In a 12-week extension

study of oral naloxegol 12.5 and 25 mg versus placebo

(KODIAC-07), one major cardiovascular adverse event

occurred in a patient in the 12.5 mg naloxegol group but

it was deemed unrelated to the study drug.40

Thus, the cardiovascular risk factors do not seem to

present a major clinical consideration at this point

although further investigation is warranted.

Cancer

Historically, opioids have been implicated in the promotion

or prevention of tumors and metastases but with inconclu-

sive findings.57 Considerable interest and ongoing research

is attempting to sort through this question. The μ-opioid
receptor has recently been identified as a plausible target for

anticancer drug development based on cellular, molecular,

animal, and human studies.58 It had been observed in retro-

spective studies that opioids seemed to promote tumor

growth and had an adverse effect on patients with advanced

forms of cancer.58 In a study of Lewis lung carcinoma

(LLC) tumorigenicity in cells and animal models; μ-
receptor agonists (morphine) increased LLC cell growth

in vitro, while silencing expression of the μ-opioid receptors
inhibited invasion of LLC growth by 50% to 80%.59 When

μ-opioid-receptor knockout mice were injected with LLC,

they did not develop significant tumors, in contrast to wild-

type controls.59 It is not clear what role, if any, PAMORAs

might play in such processes.

Morphine has a number of effects that are not mediated

by opioid receptors. For example, morphine alters the
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circulating proteolytic profile in mice with and without

tumors and it can downregulate the pro-invasive and pro-

angiogenic interaction of breast cancer cells and macro-

phages in vitro.60,61 In addition, the toll-like receptor 4

(TLR4) receptors in the body are responsive to opioids

such that certain opioids and/or their metabolites may

activate TLR4 cells which are expressed in cancer cells

and tumor-associated cells; furthermore, TLR4 cells help

to regulate the signaling pathways on which metastasis

depends.62–66 This action is complicated by the fact that

while opioids may activate TLR4, they may also prevent

lipopolysaccharide-induced activation of TLR4.63 A recent

human study demonstrated the ability of opioids to mod-

ulate TLR4 in a clinical setting.67 This is an early study

and results remain unclear, for instance it is not known if

all opioids modulate TLR4 to the same degree nor what

the clinical consequences of TLR4 modulation, if any,

might exert on tumor cells. The overexpression of μ-
opioid receptors in human non-small-cell lung cancer

(NSCLC) was shown to increase tumor growth and metas-

tasis but the mechanism had been unclear. It may be that

the μ-opioid receptor regulates growth factor receptor sig-

naling and epithelial mesenchymal transition (EMT) in

NSCLC cells in humans.66

Methylnaltrexone has been studied as a possible agent

to slow cancer progression.58 Utilizing pooled data from

two randomized, placebo-controlled studies (one phase III

and one phase IV) enrolling advanced end-stage cancer

patients with OIC, subcutaneous methylnaltrexone or pla-

cebo was administered in a double-blind phase followed

by an open-label phase in which all patients were treated

with subcutaneous methylnaltrexone.68 The study enrolled

patients with various types of cancer and was carried out

as an ad hoc post-study analysis. Patients treated with

methylnaltrexone (n=117) had a longer median overall

survival time of 76 days (95% confidence interval,

43–109) compared to 56 days (95% confidence interval,

43–69) in the 112 placebo patients; this difference

achieved statistical significance, p=0.033. Of the patients

considered to be methylnaltrexone responders, overall sur-

vival was even more pronounced, 118 versus 56 days,

p<0.001. Though intriguing, this study must be put into

context. Being an unplanned post-hoc data analysis that

was not designed to measure survival times, it has limita-

tions. The design of this study is such that there is a risk of

selection bias, plus it was a relatively short study. In fact,

the prolonged survival times in methylnaltrexone patients

might be explained in any of several ways. For example,

methylnaltrexone improved gastrointestinal health which

may have extended longevity; it is also possible that

methylnaltrexone itself had a direct impact on the tumor.68

Contraindications and Prescribing

Considerations
Predictive factors for PAMORA response and “over-

response” (diarrhea) are not known.69 It is not clear if

PAMORAs have different effects depending on the type

of opioid the patient is taking, but there is some limited

evidence that methadone may inhibit the mechanism of

action of lubiprostone70 and there is a higher rate of

adverse events when methadone patients use naloxegol.69

Known or suspected gastrointestinal obstruction or the

risk of recurrence for a past obstruction contraindicate the

use of PAMORAs because of the risk for gastrointestinal

perforation.69 Opioid withdrawal symptoms are of concern

when using PAMORAs as they are opioid antagonists

being used in patients who are likely opioid dependent.

A few such cases have been observed in various studies,

but they are rare. For example, in COMPOSE-1 and

COMPOSE-2 studies of naldemedine, <1% of both nalde-

medine and placebo patients experienced symptoms that

were deemed possibly related to opioid withdrawal.71

None of the studies in this narrative review demon-

strated a compromise or loss of analgesia as a result of

PAMORA use.

Pediatric Patients

Opioids are often used in pediatric oncology patients to

manage pain,72 and about half of them will develop OIC

or other forms of bowel dysfunction.73 Although there are

guidelines for the treatment of pediatric constipation,74

there is no specific guidance for OIC. None of the

PAMORA agents are indicated for pediatric use, and there

is a paucity of literature on the use of PAMORAs in

pediatric patients.72 A retrospective study of methylnaltrex-

one was conducted in pediatric oncology patients (n=15,

median age 14 years, 4 to 17), two of whom were in

palliative care.72 All patients were receiving opioids for

a median of 10 days prior to the first dose of methylnal-

trexone (median oral morphine dose equivalent was 5.7 mg/

kg/day, range 1.5 to 29.2 mg/kg/day). No bowel movement

had occurred in four or more days in 14/15 patients and one

patient suffered fecal impaction. The mean dose of subcu-

taneous methylnaltrexone was 0.15 ± 0.02 mg/kg/dose

(range 3–12 mg/kg/day) and 10/15 patients had a bowel

movement within 30 mins of injection and four other
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patients had a bowel movement within four hours.72 The

injection of subcutaneous methylnaltrexone was adminis-

tered to these cancer patients as rescue therapy rather than

maintenance therapy. The response rate to methylnaltrexone

was higher in these pediatric patients72 than in adults (74%

vs 50% reported in studies of adult cancer patients17,75,76).

The optimal dose for pediatric oncology patients or any

pediatric patient is not known.72

Pregnant and Lactating Patients

There are scarce data relating to the use of PAMORAs in

pregnant and lactating women. A pregnant patient on

opioid therapy administered a PAMORA may cause the

fetus to experience opioid withdrawal.71 There is little

guidance about the use of PAMORAs or opioids in this

population and the clinician must make evaluate with the

patient whether benefits exceed the potential risks.

Costs

No PAMORA product is available in generic formulation.

There are no head to head studies comparing PAMORAs so

clinicians must make prescribing choices based on patient

preference, drug availability, and price. See Table 3.

Discussion
There are three main PAMORAs on the market (methylnal-

trexone, naloxegol, naldemedine) for the treatment of OIC and

numerous clinical studies support their safety and efficacy. The

effects of PAMORAs appear to be durable over time although

most of the long-term studies of PAMORAs have been on

safety rather than efficacy. While these agents are effective,

not all patients are “responders” and there are not clear strati-

fication systems to determine responders, non-responders, and

over-responders. Further, there are no comparative data among

products. Clinicians must select the product they deem most

appropriate. If a patient does not respond to a given PAMORA,

it may be helpful to rotate to a different PAMORA although

there are no guidelines or clinical trials to support this strategy.

There are important distinctions among these PAMORAs.

Methylnaltrexone bromide is the oldest of these agents and

was available initially only for subcutaneous injection. Its

rapid onset of action and formulation made it a drug that was

primarily used for rescue although it can be used on a daily

basis. A new oral formulation of methylnaltrexone may make

it more practical for outpatient used. It is typically prescribed

for as-needed dosing in patients both on short-term and long-

term opioid therapy.

Naldemedine and naloxegol are available as oral tablets to

be taken once a day. Both are metabolized via the CYP3A4

enzyme system, making potential pharmacokinetic drug-drug

interactions possible. Patients taking drugs, supplements, or

eating foods associated with CYP3A4 inhibition may experi-

ence a potentiation of effect or drug-drug interactions.

Naloxegol is available as an oral tablet but it may be

taken crushed in water by mouth or via a nasogastric tube

in patients with dysphagia. Naldemedine is the newest

PAMORA and its labeling lists a side effect of tears in

the stomach or perforation of the intestinal wall, which

would necessitate emergency medical intervention.

Conclusions
OIC is a distressing and sometimes treatment-limiting side

effect of opioid therapy. PAMORAs work by antagonizing

enteric μ-opioid receptors, thus blunting the opioid-associated
effects on the GI system, without crossing the blood-brain

barrier so that central analgesia is not affected. The three

main PAMORAs available are methylnaltrexone (subcuta-

neous and oral formulation), nalmedine, and naloxegol.

Clinical studies demonstrate that these agents are effective in

improving gastrointestinal health and relieving OIC, although

they are associated with adverse effects most of which are

deemed to be mild to moderate. For patients with OIC,

PAMORAs may be safe, effective, and well-tolerated agents

to help relieve OIC.

Abbreviations
CYP, cytochrome P; EMT, epithelial mesenchymal transition;

≥OIC, opioid-induced constipation; kg, kilogram; LLC,

Lewis lung carcinoma; MACE, major adverse cardio-

vascular event; mg, milligram; NSCLC, non-small-cell lung

cancerPAMORA, peripherally acting μ-opioid receptor; PAC-
SYM,PatientAssessment ofConstipation Symptoms; PRN, as

needed; RFBM, rescue-free bowel movement; SBM, sponta-

neous bowel movement; TLR4, toll-like receptor 4.

Table 3 The Average Retail Prices in the United States for a 30-

Day Course of PAMORAs; Note That Discounting, Certain

Insurance Plans, and Coupons May Be Available and Would

Lower These Prices

Drug and Dose Average Retail

Price

Methylnaltrexone, oral, 450 mg/day (3 tablets of

150 mg each)

~$2074

Naloxegol 25 mg, oral, once-daily $448

Naldemedine 0.2 mg, oral, once-daily $408

Note: Data from GoodRx.77
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