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Abstract: Opioid-induced bowel dysfunction (OIBD) is a common complication in long-
term opioid users and abusers. It is a burdensome condition, which significantly limits
quality of life and is associated with increasing health costs. OIBD affects up to 60% of
patients with chronic non-cancer pain and over 80% of patients suffering from cancer pain
and is one of the conditions of the most common symptoms associated with opioid main-
tenance. Given the continued use of opioids for chronic pain management in appropriate
patients, OIBD is likely to persist in clinical practice in the coming years. We will herein
review its underlying pathophysiological mechanisms and the available treatments. In the last
years, pharmaceutical research has focused on the opportunity of targeting peripheral mu-
opioid receptors without affecting their analgesic activity in the central nervous system, and
several peripherally acting mu-opioid receptors antagonists (PAMORAs) drugs have been
approved. We will mainly focus on naldemedine, discussing its pharmacological properties,
its clinical efficacy and side effects. Head-to-head comparisons between naldemedine and the
other PAMORASs are not available yet, but some considerations will be discussed based on
the pharmacological and clinical data. As a whole, the available data suggest that naldeme-
dine is a valid treatment option for OIBD, as it is a well-tolerated drug that alleviates
constipation without affecting analgesia or causing symptoms of opioid withdrawal.
Keywords: PAMORAs, opioid-induced constipation, naldemedine, opioid-induced bowel
dysfunction, analgesia, chronic pain

Opioid-Induced Bowel Dysfunction (OIBD)

Opioid-induced bowel dysfunction (OIBD) is a common complication in long-term
opioid users and abusers. It is a burdensome condition, which significantly limits
quality of life' and it is associated with increasing health costs, due not only to
pharmacological therapies but also to the management of possible complications.?
Given the persistent use of opioids for appropriate chronic pain management, OIBD
is likely to be more commonly seen in clinical practice in the coming years and
requires in-depth knowledge of the underlying pathophysiological mechanisms and
appropriate management.3

Symptoms of OIBD involve the whole gastrointestinal (GI) tract, from the
mouth to the anus, including xerostomia, gastro-oesophageal reflux, nausea, vomit-
ing, and constipation, associated with bloating, abdominal distension and pain, hard
dry stools, and incomplete bowel evacuation.*

Among all the signs and symptoms of OIBD, opioid-induced constipation (OIC)
is the most common, affecting up to 60% of patients with chronic non-cancer pain
(CNCP)® and over 80% of patients suffering from cancer pain.® OIC is also one of
the most common symptoms associated with opioid maintenance treatment, where
high doses of buprenorphine and methadone are used as substitution treatment.”
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According to the Rome IV criteria for colorectal disorders,
OIC has been classified among the “functional bowel disor-
ders”, based on the frequent symptomatic overlap and shared
underlying mechanisms.® Diagnostic criteria include new or
worsening symptoms of “functional constipation” when initi-
ating, changing, or increasing opioid therapy (Table 1).”
However, these criteria are useful only for identifying patients
with more severe OIC; hence they may underdiagnose
patients with fewer or milder symptoms.'® Unlike other
opioid-induced adverse effects, OIC may persist throughout
the whole duration of the opioid treatment, since tolerance
generally does not develop to this opioid adverse effect,
potentially leading to opioid dosage reduction or withdrawal.'

Opioid effects on the GI tract are dose-dependent, but
they are already relevant at low doses.'® Patients using
weak and strong opioids seem to describe a comparable
degree of distress from OIC symptoms.'® Daily opioid
consumption is more commonly associated with OIC.
Some authors have stated that transdermal formulations
seem to be protective towards OIC, compared to oral pre-
parations, while other studies show opposite results.>!!
Conversely, atypical opioids, such as tapentadol, that have
a dual analgesic mechanism of action, consisting of both
mu-opioid agonism and inhibition of noradrenaline reup-
take, are likely to be associated with a lower incidence of
bowel dysfunction in chronic cancer and CNCP patients
due to reduced opioidergic activity.'*> '* Transdermal bupre-
norphine, as a partial mu-opioid agonist, has been asso-
ciated with a reduced incidence of OIC in comparison
with other opioids."” Its less harmful effect on OIC could
be related to the lower doses and to the transdermal
formulation.

Table | Rome IV Criteria for Defining Opioid-Induced Constipation

I) New or worsening symptoms of constipation when initiating,
changing or increasing opioid therapy

2) Diagnostic criteria for functional constipation

Must include two or more of the following symptoms*
Straining,

Lumpy or hard stools,

Sensation of incomplete evacuation,

Sensation of anorectal obstruction/blockage,

Use of manual maneuvers to facilitate defecation or

<3 Spontaneous bowel movements (SBM) per week.

Abdominal pain and/or bloating may be present but are not predominant
Insufficient criteria for irritable bowel syndrome
Loose stools rarely present without laxatives

Notes: Data from Simren et al.” *With a frequency cut-off of 25% of defecations.

Pathophysiology of OIBD

Opioids exert their pharmacological effects through the
interaction with specific 7- transmembrane G-protein-
coupled receptors, namely delta- (DOR), kappa- (KOR),
and mu- (MOR) receptors. Opioid receptors are widely
distributed in the GI tract, where they modulate GI moti-
lity as a balance between excitatory and inhibitory neuro-
transmitters and neuromodulators. OIC is the result of
opioid receptors activation, especially MOR, in the enteric
nervous system (ENS),'® which is one of the main divi-
sions of the autonomic nervous system.

Opioid Receptors Localization and
Activity in the ENS

Opioid receptors are expressed throughout the whole GI
tract, in different patterns among various animal species
(rats, guinea pigs, pigs) and humans.”"'

In humans, MOR is expressed throughout the small
and large intestine, in both the myenteric and submucosal
plexus'"'” MOR and DOR are also expressed in ileal villi
DOR is mainly

expressed on distal colonic epithelial cells'® and circular

and the lamina propria; however,
muscle."' The myenteric and submucosal plexuses differ-
ently contribute to OIC along the different portions of the
GI tract (Figure 1).

The myenteric plexus (Auerbach’s plexus), included in the
muscularis propria, between longitudinal (outer layer) and the
circular (inner layer) muscle, regulates the gut motility.'"!
Acetylcholine (Ach) and substance P, released by excitatory
motor neurons, mediate muscle contraction'” by activating
smooth muscle cells in the longitudinal layer; while nitric
oxide (NO), and the vasoactive intestinal polypeptide (VIP),
released by inhibitory motor neurons, facilitate relaxation of
the circular muscle layer.” Opioids inhibit the release of these
neurotransmitters and alter the GI motility by increasing the
muscular tone and decreasing physiological propulsive
activity.

Opioid receptor activation inhibits the secretion of exci-
tatory transmitters, especially Ach, thus hindering peristaltic
movements in the colon, and, on the other hand, reduces the
release of NO, hence resulting in increased activity of smooth
muscle cells and resting muscle tone, non-propulsive move-
ments and, therefore, spasms and cramps.'"'® The functional
results of these effects are the increased gastric tone and
delayed gastric emptying, altered motility of the esophagus
and gallbladder, and finally reduced oro-caecal and colonic
transit time, leading to OIBD.""?
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Figure | Action of opioids on the MOR in the gastrointestinal tract. Schematic representation of the distinct roles of the myenteric and submucosal plexuses to opioid-

induced constipation.

Abbreviations: Ach, acetylcholine; NO, nitric oxide; VIP, vasoactive intestinal polypeptide.

The submucosal plexus (Meissner’s plexus), located
in the submucosa, is responsible for the secretion and
absorption of water and electrolytes, especially
chloride."”!'” The human GI tract produces about 10
liters of fluids per day. The submucosal plexus includes
multiple populations of secretomotor neurons, which
project to the gut mucosa, and vasodilator neurons,
which act on the local microcirculation. Two-thirds of
these neurons release Ach (cholinergic). The remaining
neurons (non-cholinergic) release vasoactive intestinal
peptide (VIP), nitric oxide synthase (NOS), serotonin,
and somatostatin.’ In mucosal enterocytes expressing
vasoactive intestinal polypeptide receptor 1 (VPACI)
and 2 (VPAC2) and cholinergic (muscarinic) receptors,
chloride channels are activated, leading to chloride and
water passage to the lumen via osmotic gradient.>'"!”

Opioids bind to receptors in secretomotor neurons and
suppress Ach and VIP release, therefore reducing chloride
and water secretion into the lumen, and increasing their
absorption. The result is diminished fecal volume, hence
decreasing gut motility.” Magnetic resonance imaging

(MRI) has been used to study opioid-induced altered

colonic function, including the analysis of fecal volume
and stool dryness.”® Additionally, wireless ingestible cap-
sule systems have been used to record transit time under
near-normal physiologic conditions.?! Both these systems
significantly contributed to elucidate the effects of opioid
agonists in the GI tract.

Moreover, opioids increase the tone of the seven
sphincters included in the GI tract (the upper and lower
oesophageal sphincters, pylorus, sphincter of Oddi, the

ileocecal valve and the internal and external anal

sphincters).""”

Opioids also hinder gallbladder contractions, which,
together with opioid-induced increased tone of the sphincter
of Oddi, may lead to reduced bile and pancreatic juice flow.”

Finally, opioids induce the recto-anal inhibitory reflex,
thus hampering the relaxation of the internal anal sphinc-
ter, leading to increased rectal distension, incomplete eva-
cuation, hemorrhoids and straining.” Opioid antagonists
have been shown to decrease the tone of the internal anal
sphincter, without affecting resting anal pressure or
distensibility.** The altered motility may induce the loss
of pelvic floor coordination during defecation.'
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Peripherally-Acting Mu-Opioid
Receptors Antagonists (PAMORAS)
In the last few years, pharmaceutical research has focused
on the opportunity of targeting peripheral mu-opioid
receptors without affecting their analgesic activity in the
central nervous system (CNS).

Fixed-dose oral combination of oxycodone and naloxone
have been studied for reducing the incidence of OIC.
Naloxone is a competitive opioid antagonist that is com-
monly administered intravenous for reversing opioid over-
doses. When naloxone is administrated orally it is
extensively metabolized by the first-pass in the liver with
a resultant bioavailability per os of approximately 2%. When
the ratio between oxycodone and naloxone is fixed to 2:1,
the incidence of OIC, as measured with bowel function
index (BFI), has been shown to be significantly reduced.'**

To obtain similar results with a molecule that could be
used with opioids prescribed for severe chronic pain, the
pharmacological effort was to find a way to prevent opioid
antagonists from crossing the blood-brain barrier (BBB)
and entering the CNS.

Methylnaltrexone bromide (Relistor™) was the first
approved peripherally acting mu-opioid receptor antago-
nist (PAMORA) for subcutaneous use, to treat OIC in
patients with advance illness receiving palliative care,
after failing laxative therapies. It is a quaternary ammo-
nium compound with a positive charge, which restricts its
ability to cross the BBB.**

Naloxegol [Movantik® (US), Moventig ® (EU), pre-
viously NKTR-118] was the first orally administered
PAMORA. It is a polyethylene glycol (PEG) derivative
of naloxone. Its PEG “tail” renders the drug a substrate for
the p-glycoprotein (P-gp) efflux transporter, which physio-
logically prevents potentially dangerous substances or
drugs from entering the BBB. Its effect is therefore limited
almost exclusively to the opioid receptors in the GI tract,
where naloxegol transits before absorption and entering in
the bloodstream.>

Obviously, the peripheral activity of this kind of
PAMORA is strictly related to the efficacy of the P-gp
system, leading to the risk of a reduced activity related to
drug—drug interaction (inhibition). Some chemotherapeu-
tics, for example, are P-gp inhibitors; therefore, their use
could affect the selectivity of the peripheral action of
naloxegol.

The last approved PAMORA for the treatment of OIC is
naldemedine [Symproic® (Japan, USA); Rizmoic® (EU)], an

amide derivative of naltrexone, with limited ability to cross
the BBB.”® A summary of the pharmacokinetics of the dif-
ferent available PAMORAs are shown in Table 2.27-%

Naldemedine: Pharmacology

Mechanism of Action

Naldemedine is a PAMORA with a high binding affinity
for all recombinant human opioid receptors (MOR, KOR,
and DOR).?® Naldemedine reduces OIC by blocking MOR
located in the ENS in the GI tract.”® Since OIC is at least
in part reversed through MOR antagonism, but not by
KOR and DOR inhibition, the meaning of the affinity of
naldemedine for those receptors is unclear.>® The role of
DOR in human GI system is still poorly known, however,
in animals, MOR and DOR activation results in inhibition
of secretomotor neurons and reduced chloride ions and
water passing into the colonic lumen.'”

Naldemedine is the result of structural alterations of the
opioid antagonist, naltrexone, to prevent its passage across
the BBB. This result is obtained through two mechanisms:
the increase of the molecular size and the binding with P-gp.

Naldemedine is an amide derivative of naltrexone,
where the addition of a side chain (2-(3-phenyl-1,2,4-oxa-
diazol-5-yl)propan-2-yl)acetamide to the 7-position
increases both the molecular weight and the polar surface
(141.18 A2) of the compound hampering its ability to
cross the BBB, thus sparing opioid-induced analgesia.
Furthermore, the number of H-bond of naldemedine (14)
hinders its distribution to the brain.*'

Naldemedine is also a P-gp substrate.' The distribution
of naldemedine in the whole body has been evaluated in rats
and ferrets by using ['*C]-labeled naldemedine. One hour
after a single oral administration in rats, radioactivity was
widely distributed in the body: ['*C]-naldemedine was
detected in submaxillary, adrenal and hypophysis glands,
liver, renal cortex, and intestinal wall, but disappear in most
tissue 72-hour post-dose. Conversely, brain (cerebellum,
cerebrum) and spinal cord radioactivity were below limit
of quantification or not detectable at any time of the 72
hours of observation, thus suggesting only a minimal pene-
tration of naldemedine into the CNS.*' Ferrets have a well-
developed BBB, and for this reason, have also been used
for evaluating the distribution of ["*C]-naldemedine in the
brain. ['*C]-naldemedine concentration was equal or higher
than the plasma level at 0.5 hour in the area postrema,
pituitary, and choroid plexus, which are regions not pro-
tected by the BBB.
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Table 2 Pharmacokinetics of PAMORAs

Mechanisms | Route of Absorption Distribution | Metabolism Elimination | Side Effects
Mechanism Administration | T,,.x (Hours) T2 (Hours)
of Action
Methylnaltrexone | Peripherally Oral; Oral: 1.5hr Vss: |.I1L/Kg - Sulfation (Phase Il) | 8 Abdominal
acting p-opioid | Subcutaneous (delayed by 2 hrs to pain Flatulence
receptor with high-fat meals) methylnaltrexone- Nausea
antagonist Subcutaneous: 30 3-sulfate Dizziness
min - Carbonyl
reduction (Phase I)
to
methyl-6-naltrexol
and methyl-6f3-
naltrexol
Naloxegol Peripherally Oral <2hrs V. /F: CYP3A (Phase I) 611 Abdominal
acting p-opioid in most of subjects | 968-2.140 L N-dealkylation pain Diarrhea
receptor a secondary C, . O-demethylation Nausea
antagonist occurs approx Oxidation Flatulence
0.4-3 hrs after the Partial loss of the
first Cax PEG chain
Naldemedine Peripherally Oral 0.75 hr; 2.5 hr V. /F: 155 L - CYP3A4 (Phase I) | 11 Abdominal
acting p-, 8-, k- (with food) to nor-naldemedine pain Diarrhea
opioid - Glucuronidation Nausea
receptor (Phase Il) to Gastroenteritis
antagonist naldemedine-
3-glucuronide

Notes: Data from these studies.?”"?

Abbreviations: C,,,,, peak plasma drug concentration; V,/F, apparent volume of distribution during terminal phase after non-intravenous administration; Vss,
apparent volume of distribution at steady-state; t;;, elimination half-life; T,y Time to reach maximum (peak) plasma concentration following drug administration at

steady state.

Conversely, the concentration of ['*C]-naldemedine in all
the other areas of the brain protected by the BBB (hippocam-
pus, putamen, hypothalamus, thalamus and periaqueductal
gray) was lower than plasma. This finding also suggests
a potential role of naldemedine in the prevention of opioid-
induced nausea and vomiting, as the area postrema, where
the chemoreceptor trigger zone exists, can be reached by the
antagonism of naldemedine, without affecting the opioid-
induced analgesia.”' Finally, the contribution of P-gp on the
brain distribution of naldemedine has been evaluated by
using multidrug-resistant 1 a/b (mdrla/b) knock out (KO)
mice, an animal model with impaired activity of the P-gp-
mediated efflux system. mdrla/b KO mice showed a 4-fold
increase in the brain concentration of naldemedine compared
with wild type mice, suggesting a role for P-gp in brain
distribution of naldemedine. However, the overall concentra-
tion in the brain was significantly lower than that in the
plasma in both the groups. This finding suggests an alterna-
tive mechanism explaining the limited ability of naldemedine

to cross the BBB.?” The clinical relevance of the minimal

contribution of P-gp in reducing the brain distribution of
naldemedine is that of a presumptive lower risk of drug—
drug interactions between naldemedine and other drug sub-
strates of the P-gp. When the unique mechanism to prevent
the cross of the BBB is the P-gp efflux system, as for other
PAMORAS, brain distribution could be altered by drug—drug
interactions or by change of the P-gp activity.

Pharmacokinetics

After oral administration, naldemedine is rapidly absorbed in
the GI tract and reaches peak plasma concentrations (Cmax)
after about 45 min (Tmax) in the fasted state. The Cmax and
the bioavailability, the area under the plasma concentration-
time curve (AUC), are dose-proportional in the range of 0.1
to 100 mg of naldemedine.’**® Naldemedine has
a bioavailability of 20-56%. High-fat meals do not affect
AUC but decrease Cmax by 35% and increase Tmax to 2.5
hours. Multiple-dose administrations in a 10 day-period,
induced only a 1-1.2 and a 1-1.3-fold accumulation for
AUC and Cmax.*
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The protein binding of naldemedine is about 93-94%,
mainly to albumin and less extensively to al-acid-
glycoprotein and gamma-globulin. Neither renal or hepatic
dysfunction are related to reduced binding of naldemedine
to plasma proteins.**> The volume of distribution of nalde-
medine is 155 L.?°

Naldemedine is mainly metabolized by CYP3A4 to nor-
naldemedine, via N-dealkylation of the methylcyclopropyl
portion of the parent compound:*® nornaldemedine is
9-13% of
naldemedine.*> Naldemedine is also metabolized via glu-

responsible  for systemic exposure to
curonidation through UGT1A3, forming the minor metabo-
lite naldemedine 3-G: this metabolite accounts for about 3%
of total exposure to naldemedine.'*® Both nornaldemedine
and naldemedine 3-G antagonize opioid receptors, but to
a lesser extent than the parent compound.®’ Another minor
metabolite, naldemedine-(7R)-7-hydroxide, is formed after
oxidation of naldemedine. In the GI tract, enterobacteria
cleave the parent compound, starting by reducing its oxa-
diazole portion and hydrolyzing the remaining amide bond
to form benzamidine and naldemedine carboxylic acid****
which are excreted in both urine and feces.

Naldemedine has an 8.4 L/h clearance and an
11 h terminal elimination half-life. After a single oral dose,
57% of naldemedine is excreted in the urine, with 16-20% of
it being in the unchanged form, and 35% in the feces.”®
Naldemedine does not require dose adjustments in patients
with mild, moderate, or severe renal impairment, and in those
with end-stage renal disease (glomerular filtration rate <
30 mL/min/1.73 m?). Similarly, in patients with mild or
moderate hepatic impairment (Child-Pugh Class A and B),
pharmacokinetics are comparable with those in normal
healthy subjects. Conversely, in patients with severe liver
failure data are not available, since opioid themselves may
worsen this clinical condition.**

Drug—Drug Interactions
Naldemedine has not been reported to inhibit various CYP
isoforms (4A11, 2E1, 2D6, 3A, 2C9, 2C8, 2C19, 1A2,
2B6, 2A6), OCT (1,2) or OATP (1Bl1, 1B3,3) ATPc
(BCRP, P-gp), BSEP, MATE1 and MATE2-K transporters.
Naldemedine is not a CYP3A4, 2B6, and 1A2 inducer.”®
Since naldemedine is a CYP3A4 substrate, it should not
be co-administrated with CYP3A4 inhibitors (ie, ketocona-
zole, itraconazole, saquinavir, clarithromycin), as these drugs
could lead to increased naldemedine levels and adverse
effects. On the other hand, co-administration with strong
CYP3A4 inducers (ie,

carbamazepine, phenytoin,

rifampicin) may be associated with reduced naldemedine
concentrations, thus hindering its clinical effects.?®2®

P-gp inhibitors (ie, ciclosporin) could also increase the
plasma concentration of naldemedine, however, according to
a pre-clinical study, the contribution of the P-gp in limiting
brain distribution of naldemedine is minimal. Therefore, the
clinical effect of P-gp inhibitors is expected to be limited
compared compared to that observed when using other

PAMORAS.

Naldemedine: Clinical Data

Indications and Contraindications
Naldemedine is approved in many countries such as the
EU, US, and Japan for the treatment of OIC in adults who
were previously treated with laxatives without efficacy.'°
Naldemedine has been used to treat OIC in adults with
chronic cancer and non-cancer pain.

Following dose-finding studies, the recommended nal-
demedine dose was determined to be 0.2 mg to be admini-

strated once daily,***

since this dosage was deemed to be
the most effective and the safest one. Naldemedine can be
co-administrated with other laxatives, since clinical trials
demonstrated an additive effect, compared to placebo. In
cases of opioid therapy interruption, naldemedine should
also be suspended.”®

There are no specific data regarding the use of naldeme-
dine in pediatric patients, neither during pregnancy nor
breastfeeding. Embryo-fetal development studies showed
no malformations after naldemedine administration.”®
However, naldemedine should only be given to pregnant

women if strictly necessary,?

since opioid withdrawal is
possible in the fetus®® and the neonate.' Similarly, it is contra-
indicated during breastfeeding, since it passes into the human
milk,?*?® however, breastfeeding may be resumed 3 days
after the last naldemedine dose.*

Other contraindications include hypersensitivity to the
drug, suspected or known GI perforation/obstruction and

severe hepatic disease.'

Dose-Finding Studies

Two dose-finding studies have been conducted on nalde-
medine, one in CNCP patients®® and one in cancer
patients.3 > Both studies were multicenter, randomized,
double-blind, and evaluated patients receiving 0.1, 0.2 or
0.4 mg naldemedine or placebo. Patients aged 18 years or
older, with chronic pain for > 3 months, using opioids at
a stable dosage of > 30 mg/day morphine equivalent for >
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1 month, with a diagnosis of OIC, were eligible. Regular
use of laxatives at baseline could be continued during the
study period, according to the investigator’s opinion. In
both studies the primary outcome was change in the fre-
quency of spontaneous bowel movements (SBMs) week
from baseline during the last 14-day of the treatment
period. Baseline was defined as the average number of
SBMs/week during the
assignment.

In 2017, Webster et al** randomized 244 CNCP
patients, in a dose-finding study. The only dosages of
naldemedine that significantly (P=0.001) improved the

2 weeks Dbefore random

primary outcome, compared with placebo, were 0.2 mg
and 0.4 mg. The overall incidence of treatment-emergent
adverse events (TEAEs) was similar among the groups;
however, naldemedine 0.4mg/day significantly increased
the incidence of TEAEs compared with placebo (39.3 vs
16.4; p<0.01). Diarrhea, abdominal pain, nausea and flatu-
lence were the most common GI side effects. According to
these findings, naldemedine 0.2 mg once daily had the best
safety profile and this dosage was chosen for the Phase III
trials.

In 2017, Katakami et al** randomized 227 chronic
cancer patients, in a dose finding study . All dosages of
naldemedine significantly improved the primary outcome
compared with placebo, but the difference was statisti-
cally significant (P=0.001) for naldemedine 0.2 mg and
0.4 mg. A dose-dependent increase in SBMs was
observed, with a significant difference between these
two dosages: 7.29 vs 4.75 (P=0.0083), respectively, in
the 0.4 mg vs 0.2 mg group. These dosages were also
significantly better than placebo in terms of change in
SBMs frequency without straining and SBMs with
a feeling of complete evacuation (CSBM) frequency.
However, with regard to tolerability, the incidence of
side effects was significantly higher in the naldemedine
0.4 mg group compared with naldemedine 0.2 mg (78.6
vs 67.2; P=0.005). In general, the incidence of treatment-
emergent adverse events (TEAEs) was greater in all of
the naldemedine groups compared with placebo, with
a statistically significant difference between naldemedine
0.4 mg and placebo (78.6 vs 51.8%; P=0.005), and diar-
rhea being the most common (up to 51.8%). However,
the number of AEs leading to treatment withdrawal was
negligible (up to 7.1%). Therefore, even in this dose-
finding study, the selected dose for phase III studies in
cancer patients was 0.2 mg once daily.

In both these dose-finding studies, naldemedine did not
affect opioid dosage, pain intensity and did not cause
opioid withdrawal symptoms, as measured using the clin-
ical opiate withdrawal scale (COWS). These findings con-
firmed its selective peripheral activity on MOR, without
any effect in the CNS.

Clinical Trials in CNCP Patients

Two multicenter, randomized, double-blind, placebo-
controlled phase III trials (COMPOSE 1 and
COMPOSE 2) have been conducted in CNCP patients
with OIC.*” Patients aged 1880 years, with chronic pain
for >3 months, using opioids at a stable dosage of
> 30 mg/day morphine equivalent for > 1 month were
eligible for receiving naldemedine 0.2 mg daily or placebo
for a 12-week study period. Study outcomes were common
for all these studies. The primary outcome was the percen-
tage of responders. Responders were defined as patients
with three or more spontaneous bowel movement (SBMs)/
week and patients who had an increase from baseline of at
least one SBM/week for at least 9 weeks out of the 12-
week treatment period and at least 3 of the last 4 weeks of
the 12-week treatment period. Baseline was defined as the
average number of SBMs/week during the 2 weeks before
random assignment.

Results are shown in Table 3. The percentage of
responders was similar in the two studies (47.6% in the
COMPOSEI! and 52.5% in the COMPOSE 2), and signifi-
cantly higher than placebo (34.6% in the COMPOSE! and
33.6% in the COMPOSE 2) (p<0.01). Similarly, the two
Phase III clinical trials gave analog results in the second-
ary outcomes, where the efficacy of naldemedine resulted
significantly better than placebo (Table 3).*” Secondary
outcomes of efficacy were SBMs/week, SBMs with
a feeling of complete evacuation (CSBMs)/week, and
SBMs without straining/week.

Both these studies included the safety evaluation of
naldemedine in comparison to placebo. In both trials, the
incidence of TEAEs was about 50% with naldemedine,
without a significant difference with placebo (Table 4). No
differences were observed in the incidence of serious
TEAEs, TEAEs leading to discontinuation, and TEAEs
of opioid withdrawal. GI side effects were the most com-
mon, including diarrhea, abdominal pain, and nausea.
However, the incidence of these side effects was relatively
low compared to the tolerability profile of other
PAMORASs and even to that of traditional laxative drugs.
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Table 3 Efficacy of Oral Naldemedine in Patients with Chronic Non-Cancer Pain

Trial Ref Phase and Study Design | No of Treatment | Primary Secondary Endpoints
Patients Endpoint (Mean Change from Baseline to the
Last 2 wks)
Proportion of | SBMs/wk | CSBMs/ SBMs/wk
Responders wk Without
(% pts) # Straining
V9231 — Hale Phase Ill. Multicentre, Nal 274 Nal 0.2 mg Nal 47.6% Nal +3.42 | Nal +2.58 | Nal +1.46
COMPOSE | | etal® | double-blind, randomised, Placebo OD for 12 Placebo 34.6% Placebo Placebo Placebo
parallel-group trial 273 wks (p=0.002) +2.12 +1.57 +0.73
(p<0.0001) [ (p<0.0001) | (p<0.001)
V9232 — Hale Phase Ill. Multicentre, Nal 277 Nal 0.2 mg Nal 52.5% Nal +3,56 | Nal +2.77 | Nal +1.85
COMPOSE 2 | etal® | double-blind, randomised, Placebo OD for 12 Placebo 33.6% Placebo Placebo Placebo
parallel-group trial 276 wks (p<0.0001) +2.16 +1.62 +1.10
(p<0.001) (p<0.001) (p<0.01)

Notes: "Responders had at least three SBMs per week with an increase from baseline of at least one SBM per week for at least 9 weeks of the |2-week treatment period
and at least 3 of the last 4 weeks of the 12-week treatment period (baseline: the average number of SBMs/week during the 2 weeks before random assignment).
Abbreviations: wk, week; Nal, naldemedine; SBMs, spontaneous bowel movements; CSBMs, SBMs with a feeling of complete evacuation.

In the COMPOSE 1 trial, the incidence of diarrhea was

7% and abdominal pain 6%.>’

In both studies, naldemedine did not compromise the
analgesic effect of opioids. Most patients had been on

opioid therapy for over 1 year, at a mean total daily dose

up to 128.4 mg morphine equivalents. This dose remained

Table 4 Safety of Oral Naldemedine in Patients with Chronic Non-Cancer Pain

generally stable over time, and no meaningful differences
were observed in the score for pain intensity from baseline

Trial Ref Phase and Study No of Treatment | Primary | Secondary Endpoints
Design Patients Endpoint
TEAEs Serious | TEAEs Leading | TEAEs of
TEAEs to Opioid
Discontinuation | Withdrawal
V9231 — Hale Phase Il Multicentre, Nal 274 Nal 0.2 mg Nal 49% Nal 5% Nal 1% Nal 1%
COMPOSE | | etal® double-blind, Placebo OD for 12 Placebo Placebo Placebo 0% Placebo <1%
randomised, parallel- 273 wks 45% # 2%
group trial
V9232 — Hale Phase lll. Multicentre, Nal 277 Nal 0.2 mg Nal 50% Nal 3% Nal 1% Nal 0%
COMPOSE 2 | etal®” double-blind, Placebo OD for 12 Placebo Placebo Placebo % Placebo 0%
randomised, parallel- 276 wks 48% # 5%
group trial
V9235 — Webster | Randomized, double- Nal 621 Nal 0.2 mg Nal 68.4% | Nal 9.7% | Nal 6.3% Nal 1.8%
COMPOSE 3 | etal® blind, placebo- Placebo OD for 52 Placebo Placebo Placebo 5.8% Placebo I.1%
controlled study. 619 wks 72.1% 11.8%
V9238 — Saito Phase lll. Single-arm, Nal 43 Nal 0.2 mg Nal 88% Nal 9% Nal 7% NA
COMPOSE 6 | et al® open-label study OD for 48
wks
V9239 — Saito Phase lll. Single-arm, Nal 10 Nal 0.2 mg Nal 90% Nal 0% Nal 10% NA
COMPOSE 7 | et al® open-label study once daily
for 48 wks

Note: *In COMPOSE | and 2 TEAEs is not the primary endpoint.

Abbreviations: Nal, naldemedine; TEAEs, treatment-emergent adverse events.
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through the study period. The onset of OIC was not
assessed in these studies.®’

Three long-term studies (from 48 to 52 weeks) have
been conducted for evaluating the safety of naldemedine in
CNCP patients.*®>° In these studies, the primary outcome
was TEAEs, and secondary outcomes included serious
TEAEs and TEAESs leading to discontinuation (Table 4).

In 2018, Webster et al published a long-term rando-
mized, double-blind, placebo-controlled phase III trial
(COMPOSE 3), where 1240 CNCP patients were rando-
mized to receive naldemedine 0.2 mg (n=621) or placebo
(n=619) for 52 weeks.*® The first meaningful result is that
over 66% of patients completed the 52 week treatment
period. No difference was observed in the incidence of
TEAESs: 68.4% in the naldemedine group and 72.1% in the
placebo group. Similarly, no significant differences were
observed in the incidence of serious TEAEs (9.7 vs 11.8
respectively in the naldemedine and placebo group),
TEAEs leading to discontinuation (6.3 vs 5.8 respectively
in the naldemedine and placebo group), and TEAEs of
opioid withdrawal (lower than 2%) among the two groups.
Diarrhea was the most common TEAE in the naldemedine
group (11%), followed by abdominal pain and nausea and
vomiting.*®

In terms of change from baseline in frequency of
SBMs, the efficacy of naldemedine was consistent along
the entire 52-week study period. Similarly, naldemedine
induced a reduction in the Patient Assessment of
Constipation Symptoms (PAC-SYM), which was signifi-
cant compared with placebo for the entire study period.*®

At baseline, the mean duration of the opioid therapy was
62.6 months for naldemedine and 57 months for placebo.
However, over 60% of enrolled patients were taking less than
100 mg equivalent of morphine per day, a dosage that in
general could be considered relatively low, particularly in the
management of chronic cancer pain patients; however, in
CNCP patients a low opioid dosage may be reasonable.
Naldemedine did not affect opioid analgesia and the average
total daily dose of opioids was stable in patients, as assessed
every 4 weeks. The risk of precipitating an opioid-
withdrawal syndrome was assessed by using a specific
score, named Clinical Opiate Withdrawal Scale (COWYS),
which showed no differences between naldemedine and pla-
cebo over the course of 52 weeks.*®

This was the first long-term study on a PAMORA to
include a placebo group. Previous 48-week and 52-week
studies
naloxegol*' were open-label.

evaluating methylnaltrexone  bromide® and

Finally, two open-label, single-arm, Phase III, supportive
studies, have been conducted in patients using opioids for
CNCP (COMPOSE 6) or specifically switched to a stable
dose of PR oxycodone for 2 weeks before enrolling
(COMPOSE 7).*’ The primary aim of these studies was
the long-term (48 weeks) safety of naldemedine, calculated
as the summary measures of TEAEs. TEAEs were observed
in about 90% of treated patients, but most of them were mild
to moderate, with a percentage of TEAEs leading to dis-
continuation <10% (Table 4). Treatment-related adverse
events (AEs) only occurred in 28% of patients in the
COMPOSE 6 and 50% of patients in the COMPOSE 7.
Gastrointestinal disorders were the most common (over
50%), with diarrhea ranging from 23 to 40% of treated
patients. In terms of efficacy, in both studies a significant
decrease in overall PAC-SYM scores was observed from
baseline, with a significant improvement in the PAC-quality
of life (PAC-QOL). No significant changes were observed in
pain intensity and the opioid dose. However, in both these
studies the mean daily dose of opioids at baseline was
relatively low: 744 mg of morphine equivalents in the
COMPOSE 6 and 453 mg of oxycodone in the
COMPOSE 7.% This is probably the main limitation in
the interpretation of these results, together with the small
patient populations (only 43 patients in COMPOSE 6 and 10
in the COMPOSE 7) and the lack of ethnic diversity, as all
patients were Asian (Japanese). Naldemedine did not affect
COWS scores at stable doses of oxycodone or other
opioids.*® These results confirmed the safety of naldemedine
in the management of OIC, without hindering the analgesic
benefits of opioid therapy.

Clinical Trials in Chronic Cancer Pain

Patients

In 2017, Katakami et al published a phase III, randomized,
double-blind, placebo-controlled trial (COMPOSE 4),*
where 193 patients were randomized to receive naldemedine
0.2 mg or placebo for 2 weeks. The same authors simulta-
neously published an open-label, single-arm, extension
study (COMPOSE 5),** where 131 were treated for 12
weeks. All study centers were in Japan. Enrolled patients
had an Eastern Cooperative Oncology Group performance
status <2 and were on a stable dose of opioids for > 2 weeks.
Patients aged >18 years old were eligible if they had OIC,
previously treated with laxative drugs, and the cancer type
did not affect the GI tract. The primary endpoint of
COMPOSE 4 was the proportion of SBM responders
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(Table 5), while the primary outcome of COMPOSE 5 was
the safety of naldemedine (Table 6).

Even in cancer patients naldemedine showed
a significantly higher percentage of responders compared
with placebo (71.1% vs 34.4%, respectively; p<0.0001),
however the COMPOSE 4 study was only conducted for 2
weeks, that could be considered a too limited placebo-
controlled  double-blind the

COMPOSE 4 study, patients were considered responders

treatment period. In
if they had at least three SBMs per week with an increase
from baseline of at least one SBM per week during the
2-week treatment period. Baseline was defined as the
average number of SBMs/week during the 2 weeks before
random assignment. All the other secondary outcomes of
efficacy (SBMs/week, CSBMs/week, and SBMs without

straining/week) were significantly better in the naldeme-
dine group (Table 5).4

In this study, unlike all other studies conducted on
patients with CNCP, safety evaluation revealed that nalde-
medine was burdened with a significantly higher percentage
of TEAEs compared with placebo (44.3% vs 26.0%, respec-
tively; p>0.01), and TEAEs leading to discontinuation (9.3%
vs 1.0%, respectively; p>0.01) (Table 6). The reason for the
observed difference Ibetween cancer and non-cancer pain
patients is still unclear, however we can postulate that the
malignant disease by itself is a precipitating factor for any
organ disorder. This higher percentage of TEAE was con-
firmed in the COMPOSE 5, where, after 12 weeks of treat-
ment, the incidence of TEAEs was 80.2%, with apercentage
of serious TEAEs higher than 30%.**

Table 5 Efficacy Study of Oral Naldemedine in Patients with Chronic Cancer Pain

Trial Ref Phase and Study No of Treatment | Primary Secondary Endpoints
Design Patients Endpoint (Mean Change from Baseline)
Proportion of | SBMs/wk | CSBMs/ SBMs/wk
Responders wk Without
(% pts) # Straining
V9236 — Katakami | Phase Ill. Randomized, Nal 97 Nal 0.2 mg Nal 71.1% Nal +5.16 | Nal +2.76 | Nal +3.85
COMPOSE 4 | et al*? double-blind, placebo- Placebo OD for 2 Placebo 34.4% Placebo Placebo Placebo
controlled study 96 wks (p<0.0001) +1.54 +0.71 +1.17
(p<0.0001) [ (p<0.0001) | (p<0.001)

Notes: “Responders had at least three SBMs per week with an increase from baseline of at least one SBM per week during the 2-week treatment period (Baseline: the

average number of SBMs/week during the 2 weeks before random assignment).

Abbreviations: wk, week; Nal, naldemedine; SBMs, spontaneous bowel movements; CSBMs, SBMs with a feeling of complete evacuation.

Table 6 Safety of Oral Naldemedine in Patients with Chronic Cancer Pain

Trial Ref Phase and Study No of Treatment | Primary | Secondary Endpoints
Design Patients Endpoint
TEAEs Serious | TEAEs Leading | TEAEs of
TEAEs to Opioid
Discontinuation | Withdrawal
V9236 — Katakami Phase lll. Randomized, Nal 97 Nal 0.2 mg Nal 44.3% | Nal Nal 9.3% NA
COMPOSE 4 | etal® double-blind, placebo- Placebo OD for 2 Placebo 13.4% Placebo 1.0%
controlled study 96 wks 26.0% # Placebo (p>0.01)
(p>0.01) 3.1%
V9237 — Katakami | Phase Il Nal 131* | Nal 0.2 mg Nal 80.2% | Nal Nal 9.2% NA
COMPOSE 5 | et al® Single-arm, OD for 12 30.5%
open-label study. wks
(extension study of
Study V9236)

Notes: * Hundred subjects completed 12 weeks of treatment. *In COMPOSE 4 TEAEs is not the primary endpoint.
Abbreviations: Nal, naldemedine; pts, patients; TEAEs, treatment-emergent adverse events.
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Even in these studies conducted in a cancer population,
the mean daily dose of opioids was relatively low (below
70 mg per day). The main limitation in enrolling patients
using relatively low opioid dose is the reliability of the
results in terms of efficacy on OIC, analgesia and risk of
withdrawal. In the COMPOSE 4 no difference was
observed in the COWS score between naldemedine and
placebo, suggesting that, at those opioid doses, naldeme-
dine did not impede analgesia.*?

In 2018, Katakami et al** published other secondary out-
comes of efficacy from COMPOSE 4 and 5. In the first 2
weeks, no differences were observed in the mean overall
scores for PAC-SYM and the PAC-QOL domain.
Conversely, naldemedine significantly improved the PAC-
SYM stool domain and the PAC-QOL dissatisfaction
domain, which reflect the main complaints reported by
patients with OIBD: incomplete, hard, or small bowel
movements.*

A recent subgroup analysis of the COMPOSE 1,
COMPOSE 2 and COMPOSE 3, showed no difference in
terms of tolerability (TEAEs) and gastrointestinal disorders
between naldemedine and placebo in patients aged > 65 years
with CNCP. The results in older adults are consistent with

those observed in the overall patient population.**

Naldemedine vs Other PAMORAs

No randomized trials have been conducted to directly
compare naldemedine to other PAMORAs. A meta-
analysis of 27 articles regarding pharmacological therapies
for OIC identified naloxone as the safest and most cost-
effective opioid antagonist. But naldemedine was consid-
ered the most effective compound to achieve an increase
of >1 bowel movement per week over baseline and an
average of at least 3 bowel movements per week, com-
pared to placebo (RR 0.66): this was considered
a restrictive definition of response rate.*’

Conversely to naldemedine, the safety and efficacy of
other PAMORASs may be influenced by the type of opioid
administrated: for instance, naloxegol was associated with
greater risk of GI adverse events when co-administrated
with methadone.>® Moreover, long-term safety and toler-
ability studies on methylnaltrexone®® and naloxegol*' did
not include a placebo group.

Naldemedine was only associated with inhibition of
analgesia at 233-fold higher ED50 doses than doses used
to reverse morphine-blocked small intestinal transit, while
ED50 of methylnaltrexone only needed to be 2.24-fold

times higher to affect analgesia.”’

Expert Opinion and Future

Perspectives

Naldemedine has been widely investigated for the man-
agement of OIC in patients not responding to traditional
laxatives, which are still considered the first level treat-
ment, together with the increase of dietary fibers. Dose-
finding studies have been conducted in chronic cancer and
non-cancer pain patients; the dose 0.2mg once per day has
been selected for the treatment of OIC.***> The dose
0.lmg once per day did not offer adequate effect while
increasing the dose to 0.4mg once per day did not increase
efficacy.

Naldemedine 0.2 mg significantly improved symptoms
of OIC and was more effective than placebo in all clinical
trials.*’ %% Clinical trials on CNCP patients have been
conducted in different countries and populations,®”
while clinical trials in cancer patients only included
Japanese people and the duration of the double-blind treat-
ment period was very short, only 2 weeks in all clinical
trials.*> These could represent the main limitations in the
correct interpretation of the clinical results. The other
limitation is the relatively low dose of opioids used by
enrolled patients, especially for the management of cancer
pain. We cannot know if the same efficacy of naldemedine
can be obtained when the opioid dose is increased,
doubled or tripled. Further studies are warranted to inves-
tigate the role of naldemedine in patients treated with high
doses of opioids.

By instance, it is not clear why the incidence of TEAEs
was similar between naldemedine and placebo in CNCP

patients,®”>°

while in cancer patients, naldemedine treat-
ment was associated with a higher percentage of
TEAEs.**** Most TEAEs were mild to moderate and
were tolerated by patients. Overall, clinical data support
the use of naldemedine as a specific “target therapy” in
patients chronically using opioids and suffering from OIC.

Head-to-head comparisons between naldemedine and
other PAMORASs are not available yet. However, some
considerations can be made based on pharmacological
and clinical data. One of the advantages of naldemedine
over the other PAMORASs could be the minimal contribu-
tion of the P-gp, as a mechanism limiting its brain
diffusion.®' The clinical advantage is related to the relative
lower risk of drug—drug interactions compared with the
other PAMORAs. Secondly, this is the first PAMORA
where the permeability of the drug to the area postrema
has been experimentally demonstrated.>’ This finding
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could mean an adjunctive mechanism of action in reducing
opioid-induced nausea and vomiting (OINV), by blocking
MOR in the CTZ. Further studies are warranted to support
this hypothesis. According to a retrospective study,
patients receiving morphine or oxycodone experienced
less OINV when 0.2 mg oral naldemedine was co-
administrated (36% vs 47.2% respectively), thus allowing
a reduced utilization of rescue antiemetic drugs.*® This
could partly be a secondary effect of the improvement of
OIC, which by itself is responsible for nausea and vomit-
ing, but it is probably related also to the MOR antagonism
by naldemedine in the CTZ. Thirdly, for the first time
since PAMORASs were developed, clinical studies on nal-
demedine used a specific test, such as the COWS, to
evaluate the appearance of symptoms of opioid
withdrawal ***%*? This measure is a further assessment
of its safety and selective peripheral activity, without any
influence of opioid dose or analgesia. Finally, by indirect
comparison, naldemedine seems to have a better efficacy

and 1.4

compared with methylnaltrexone naloxego
Although oral naloxone is still considered the most likely
to be superior to placebo and the drug ranked first in terms
of safety,® its availability in fixed combination with oxy-
codone strongly limits its use. Moreover, according to
a recent meta-analysis naldemedine was the most effica-
cious PAMORA when non-responders were defined as
patients that failed to obtain an average of three or more
SBMs per week with an increase of at least 1 SBM over
baseline.* Therefore, by considering the significant flex-
ibility of naldemedine and the efficacy results, this drug
could potentially represent overall a first choice when
starting treatment with a PAMORA for the management
of OIC, when laxatives fail.

Future perspectives could include a possible role in the
management of OINV, if the clinical trials will confirm the
selective activity on the area postrema, which is not pro-
tected from the BBB. Another possible area of investiga-
tion is the post-operative setting, where opioids still have
a key role in the management of severe post-operative
pain, but their use is well known to increase the post-
operative ileus. Finally, clinical studies on naldemedine
in the management of OIC in patients under opioid sub-
stitution treatment could be beneficial for patients that use
doses of opioids significantly higher than those investi-
gated in the COMPOSE trials. In general, more clinical
trials are warranted to elucidate the efficacy of naldeme-
dine in different diseases and clinical settings. Moreover,
other results are pending on the safety profile of

naldemedine in comparison with other PAMORAs, parti-
cularly on the risk of major adverse cardiovascular events
in CNCP patients. Results are expected in 2025.%

Finally, recent findings using animal models suggest
a potential role for opioid antagonists in increasing bone
mass density.**** Clinical studies are needed to confirm
the hypothesis that these drugs (naloxone and naltrexone)
could act as bone promoters, leading to a new appealing
area of therapeutic interest for PAMORASs, which could
counteract the negative effects of the opioidergic system
on bone density and bone healing, without affecting cen-
tral analgesic effects of endorphin and opiates on the
descending inhibitory pain pathway.>

Conclusion

Managing patients with OIBD is still a challenge for
physicians and an economic burden for health care sys-
tems. Mechanism-based treatments are the cornerstone of
the appropriate management of any disease. PAMORASs
are a mechanism-based treatment of OIBD. For patients
experiencing OIBD during chronic opioid therapy, nalde-
medine represents a valid available treatment option
because it is a well-tolerated drug that improves SBMs
without affecting analgesia or causing symptoms of opioid
withdrawal.
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