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Abstract

Objective. This study evaluated the efficacy and
safety of oral naldemedine 0.1 mg, 0.2 mg, or 0.4 mg
once daily in patients who had opioid-induced consti-
pation (OIC) and maintained a stable laxative regimen.

Methods. This four-week, phase 2b, randomized,
double-blind placebo-controlled trial (clinicaltrials.-
gov identifier NCT01443403) enrolled patients on
long-term opioid therapy for chronic noncancer
pain with OIC. The primary efficacy end point was
change in weekly spontaneous bowel movement
(SBM) frequency from baseline to the last two
weeks of treatment. Secondary end points included
the proportion of SBM responders (patients with�3
SBMs/week and an increase of�1 SBM/week from
baseline over the last 2 weeks of treatment). Safety
parameters assessed included adverse events, ef-
fects on analgesia, and opioid withdrawal symptoms.

Results. Overall, 244 patients were randomized
1:1:1:1 to naldemedine 0.1 mg, 0.2 mg, 0.4 mg, or
placebo. Baseline patient characteristics were com-
parable. Weekly SBM frequency was significantly
higher with naldemedine 0.2 mg (3.37, P¼ 0.0014)
and 0.4 mg (3.64, P¼ 0.0003), but not with 0.1 mg
(1.98, P¼ 0.3504), vs placebo (1.42). The proportion
of SBM responders was significantly higher with
naldemedine 0.2 mg (71.2%, P¼ 0.0005) and 0.4 mg
(66.7%, P¼0.003), but not with 0.1 mg (52.5%,
P¼ 0.1461), vs placebo (39.3%). Treatment-
emergent adverse events were generally mild to
moderate in severity; incidences increased with
naldemedine dose. No clinically meaningful
changes in other safety parameters were observed.
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Conclusion. Naldemedine 0.2 mg once daily is the
optimal dose for future confirmatory trials in OIC.

Key Words. Naldemedine; Chronic Noncancer
Pain; Opioid-Induced Constipation; Peripherally
Acting l-Opioid Receptor Antagonist

Introduction

Chronic pain that requires long-term treatment is reported
to affect 25–44% of adults in Europe and the United
States (US) [1–3]. Opioid analgesics play an important
role in the management of chronic pain; in the US, they
are estimated to be used by 40–47 per 1,000 individuals
(approximately 13–15 million people in total) [4].

Opioids alleviate pain by acting on opioid receptors in
the central and peripheral nervous systems [5].
Activation of opioid receptors in the gastrointestinal (GI)
tract can result in GI adverse events (AEs). Three opioid
receptors are expressed in the GI tract: j, d, and l re-
ceptors. j and d receptors are expressed in the stom-
ach and proximal colon, but their role in causing GI AEs
is unclear [5]. l receptors are expressed throughout the
GI tract, and when opioids bind to them neural activity
in the submucosal and myenteric plexuses of the en-
teric nervous system is decreased. This impairs GI
transit and motility, decreases gut fluid secretion, and
increases fluid absorption, which can lead to opioid-
induced constipation (OIC), the most common side ef-
fect of opioid therapy [5]. In a population-based survey,
57% of individuals with chronic noncancer pain who
used opioids experienced OIC [6]. OIC can have a
negative effect on patients’ well-being. This is exempli-
fied by a survey of 359 patients using opioids, which
showed that health-related quality of life was signifi-
cantly worse in those with OIC than in those without
OIC [7].

Firstline treatment for OIC involves the use of laxatives;
however, laxatives do not address the mechanism un-
derlying the disorder. Furthermore, there is insufficient
clinical evidence available to determine the efficacy and
side effect profile of laxatives [5,8]. This suggests the
need for effective treatments for OIC.

Peripherally acting l-opioid receptor antagonists
(PAMORAs) are specifically designed to block opioid
actions at peripheral l-opioid receptors in the GI tract
[5]. Two PAMORAs are approved by the US Food and
Drug Administration for the treatment of OIC [9]:
Naloxegol (a pegylated derivative of naloxone, delivered
as oral tablets) has recently been approved for the
treatment of OIC in adults with chronic noncancer pain
[10], and methylnaltrexone bromide (delivered as a
subcutaneous injection or as oral tablets) has been ap-
proved for the treatment of OIC in adults with chronic
noncancer pain and for the treatment of OIC in adults
with advanced illness on palliative care when laxatives
are ineffective [11].

Naldemedine (S-297995) is a novel PAMORA being de-
veloped for the treatment of OIC in adults with chronic
noncancer pain and cancer-related pain [12]. The struc-
ture of naldemedine is analogous to that of the opioid
receptor antagonist naltrexone, but structural modifica-
tions limit the ability of naldemedine to cross the blood-
brain barrier. In preclinical models, naldemedine potently
inhibited the constipating effects of opioids without
compromising pain relief or inducing centrally mediated
opioid withdrawal [12]. Early clinical dose-finding studies
demonstrated that 0.3 mg once daily had a good bene-
fit-risk profile in patients with opioid-induced bowel dys-
function [13].

The objectives of the study reported here were to evalu-
ate the efficacy and safety of three doses of oral nalde-
medine (0.1 mg, 0.2 mg, and 0.4 mg once daily) and
define the optimal dose in patients with chronic noncan-
cer pain who have OIC.

Methods

Study Design

This was a phase 2b, multicenter, randomized, double-
blind, placebo-controlled parallel-group trial to evaluate
the efficacy and safety of three different doses of oral
naldemedine in patients with chronic noncancer pain re-
ceiving opioid therapy who had OIC and who main-
tained a stable laxative regimen throughout the study
(clinicaltrials.gov identifier: NCT01443403).

Patients age 18 years or older were screened for 15–28
days (Figure 1). Those who met the eligibility criteria and
completed a Bowel Movement and Constipation
Assessment (BMCA) diary on a daily basis for at least 14
days were enrolled in the treatment period. Patients were
then randomized 1:1:1:1 to receive oral naldemedine
0.1 mg, 0.2 mg, or 0.4 mg or placebo once daily for 28
days and were followed up for a further 28 days to com-
plete safety assessments. Patients were randomly as-
signed to one of the four treatment groups using an
interactive voice response system, which assigned a
unique number to each patient and was used to identify
the patient in all data systems.

Ethics Approval

The trial was approved by the appropriate institutional
review boards, and it complied with the ethical princi-
ples of the Declaration of Helsinki and good clinical
practice. All patients provided written informed consent.

Eligibility Criteria

Patients’ eligibility to participate in the study was as-
sessed during screening. To be eligible, patients were
required to: have a documented medical history of
chronic noncancer pain for at least three months before
screening; be taking a stable dose of a full opioid ago-
nist equivalent to at least 30 mg oral morphine daily for
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one month or longer before screening; and have self-
reported ongoing symptoms of OIC, defined as fewer
than three spontaneous bowel movements (SBMs) per
week despite a stable regimen of laxatives and one or
more of the following symptoms in at least 25% of
bowel movements: straining, feeling of incomplete evac-
uation, and/or hard/small stools, defined as Bristol Stool
Scale (BSS) score lower than 3.

Patients were required either to maintain a stable laxa-
tive regimen throughout the study (defined as any com-
bination of laxatives that had been taken consistently in
the 28 days before the start of the study) or not to use
any laxatives.

The following exclusion criteria were applied: evidence
of clinically significant GI disease, bowel dysfunction,
bowel obstruction, or pelvic disorder that may cause
constipation; a history of chronic constipation before
starting analgesic medication or nonopioid causes of
bowel dysfunction that may have contributed to consti-
pation; severe constipation that had not been appropri-
ately managed, such that the patient was at immediate
risk of developing serious related complications; initia-
tion of a new treatment regimen for OIC or a prokinetic
agent within 28 days of screening; cancer treatment
within the past five years; history or presence of any
clinically important abnormality, medical condition, or
use of concomitant medication(s), that could have inter-
fered with the study; medically significant cardiovascu-
lar, respiratory, hepatic, renal or thyroid dysfunction, or
a history of human immunodeficiency virus infection;
any medical or psychiatric condition that may have
compromised the ability of the patient to understand
and comply with the study protocol; current use of any
prohibited medication, including opioid receptor

antagonists, partial agonists, fentanyl, or meperidine; the
inability to take oral medication; any history of illegal
drug use in the past five years; surgery within one
month of screening or planned surgery during study
treatment that would, in the opinion of the investigators,
have affected the study results; any relevant allergies;
treatment with an investigational study drug in the 30
days before screening; or previous exposure to nalde-
medine. There were no specific exclusion criteria for pa-
tients with persistent or uncontrolled pain or with
disruptions to the blood-brain barrier.

Efficacy Assessments

The BMCA diary was completed on a daily basis for the
28 days of treatment. As part of this diary record, pa-
tients also assessed the consistency of stools using
BSS. To minimize the potential for overestimating the
frequency of BMs, all passages of stool with a score of
at least 1 on the BSS that occurred within a two-hour
time frame were classified as a single BM. The baseline
mean number of SBMs was calculated from the data
collected in the last two weeks of screening, before the
first dose of study drug was administered. Any BMs in
the 24 hours after use of rescue laxatives were not con-
sidered to be spontaneous.

The primary efficacy end point was the mean change in
weekly SBM frequency from baseline to the last two
weeks of the treatment period. Secondary efficacy end
points were:

• the change in weekly SBM frequency from baseline to
weeks 1, 2, 3, and 4;

• the change in weekly frequency of BMs, complete
BMs (CBM), and complete SBMs (CSBM, defined as

Figure 1 Trial design. SBMs ¼ spontaneous bowel movement.
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an SBM accompanied by the feeling of complete
evacuation) from baseline to the last two weeks of the
treatment period;

• the proportions of SBM and CSBM responders (de-
fined as patients with �3 SBMs/CSBMs per week in
the last two weeks of the treatment period and an in-
crease of� 1 SBMs/CSBMs per week from baseline);

• change in weekly frequency of SBMs without
straining from baseline to the last two weeks of the
treatment period;

• change in abdominal bloating score from baseline to
the last two weeks of the treatment period (this score
was assessed daily for the past 24 hours and could
range from 0 to 4, where 0 ¼ absent or no bloating,
1 ¼ mild, 2 ¼ moderate, 3 ¼ severe, and 4 ¼ very
severe bloating);

• change in abdominal discomfort score from baseline
to the last two weeks of the treatment period (this
score was assessed daily for the past 24 hours and
could range from 0 to 4, where 0 ¼ no abdominal
discomfort, 1 ¼ mild, 2 ¼ moderate, 3 ¼ severe, and
4 ¼ very severe discomfort);

• the proportion of patients with an improvement in their
global satisfaction score at the end of treatment on
day 29 (assessed by the patient selecting one of the
following descriptors: markedly worsened, moderately
worsened, slightly worsened, unchanged, slightly im-
proved, moderately improved, or markedly improved);

• time to first SBM and CSBM after initial treatment
administration;

• the incidence of SBMs and of CSBMs in the four,
eight, 12, and 24 hours after initial treatment
administration;

• change in the number of days with SBMs and with
CSBMs per week from baseline to the last two weeks
of the treatment period;

• change in weekly frequency of SBMs rated 3 or 4 on
the BSS from baseline to the last two weeks of the
treatment period;

• change in the weekly frequency of false starts of BMs
from baseline to the last two weeks of the treatment
period;

• change in the weekly frequency of rescue laxative use
from baseline to the last two weeks of the treatment
period;

• the frequency of rescue laxative use during the treat-
ment period.

Safety Assessments

Adverse events (AEs) were recorded from the time of in-
formed consent until the end of the follow-up period (28
days after the last dose of treatment). The duration, sever-
ity (mild, moderate, severe), relationship to the study drug
(not related, possibly related, probably related, definitely
related, as assessed by the investigators), action taken,
outcome, and seriousness of each AE were recorded.
A serious AE (SAE) was defined as any AE occurring at
any dose that resulted in any of the following outcomes:
death, life-threatening AE, hospitalization or prolongation

of existing hospitalization, a persistent or significant dis-
ability/incapacity, or a congenital anomaly/birth defect.

Patients were asked to rate their pain using the 11-point
numerical rating scale (NRS) [14], where 0¼no pain, 1–
3¼mild pain, 4–6¼moderate pain, and 7–10¼ severe
pain. The NRS was completed prior to the initiation of study
treatment (during screening and predose on day 1 of treat-
ment) and at several time points after treatment initiation
(one hour postdose on day 1, predose on days 8, 15, 22,
and at any time during the visit on day 29 of treatment).

Patients were assessed for opioid withdrawal symptoms
using the clinical opiate withdrawal scale (COWS), an
11-item questionnaire [15]. The COWS assessment was
administered prior to the initiation of study treatment
(during screening and predose on day 1 of treatment)
and at several time points after treatment initiation (one
hour postdose on day 1 and predose on days 8, 15,
22, and 29 of treatment).

Clinical laboratory safety tests (chemistry, hematology,
and urinalysis), physical examinations, and 12-lead elec-
trocardiography were conducted, and vital signs were
recorded as part of the safety assessment.

Pharmacokinetic Assessments

The pharmacokinetic profile of naldemedine was deter-
mined in a subset of patients from whom plasma sam-
ples were collected on day 1 at 0 (predose) and one
hour (65 minutes), two hours (610 minutes), four hours
(615 minutes), and eight hours (630 minutes) postdose,
and day 2 at 24 hours (61 hour) postdose. Plasma sam-
ples were also collected from 12 patients on day 28 at
0 (predose) and one hour (65 minutes), two hours
(610 minutes), four hours (615 minutes), and eight
hours (630 minutes) postdose, and day 29 at 24 hours
(61 hour) postdose.

The following parameters were recorded: maximum ob-
served plasma concentration (Cmax); time to Cmax (Tmax);
area under the plasma concentration time curve from
time 0 to the time point of the last measurable concen-
tration in the dose interval (24 hours; AUC0–s); and ap-
parent terminal elimination half-life.

Statistical Analyses

Based on pairwise comparison with placebo, a sample size
of 212 (53 subjects per treatment group) was required to
providegreater than 80% power to detect a treatment dif-
ference of at least 2.1 in the primary end point of change
from baseline in the number of SBMs per week (at a two-
sided significance level of 0.05 and assuming a standard
deviation of 3.8). A total target sample size of 240 subjects
(60 per treatment group) was determined, taking into con-
sideration a 10% dropout rate.

The modified intent-to-treat population comprised all ran-
domized patients who received the study drug and for
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whom at least one postdose primary efficacy assessment
had been completed. The safety population comprised all
patients who received the study drug. The per protocol
population comprised all patients who received the last
dose of treatment and did not have major protocol viola-
tions (defined as those that could potentially affect the effi-
cacy or safety conclusions of the study; these violations
were determined prior to unblinding the study database).

For the primary end point, the mean change in weekly
SBM frequency in each naldemedine dose group was
compared with that of the placebo group, based on an
analysis of covariance model, with frequency of SBMs
per week at baseline as a covariate. Naldemedine dose
groups were compared with the placebo group sequen-
tially in descending order of dose.

As a secondary end point, the mean change in weekly
SBM frequency was also compared between the differ-
ent naldemedine dose groups. Mean change in SBM
frequency from baseline to weeks 1, 2, 3, and 4 was
compared using a mixed-effects repeated measure
model, which included the frequency of SBMs per week
at baseline as a covariate, and treatment group, week,
and week-by-treatment group interaction as fixed ef-
fects. The variance-covariance between-weeks matrix
was unstructured. The differences in the proportion of
SBM and CSBM responders between each naldeme-
dine dose group and the placebo group, and frequen-
cies of SBMs or CSBMs in the four, eight, 12, and
24 hours following initial treatment administration, were
compared using a v2 test. No corrections for multiplicity
were performed for assessment of secondary end
points. Summary statistics regarding the mean abdomi-
nal bloating score and discomfort score, and the corre-
sponding change from baseline, were calculated by
treatment group. Patients’ global satisfaction scores
were tabulated by treatment group. The change in
weekly BM, CBM, and CSBM frequency, change in
weekly frequency of SBMs without straining, change in
the number of days with SBMs and with CSBMs per
week, and change in weekly frequency of SBMs rated 3
or 4 on the BSS were analyzed in a similar manner to the
primary analysis, using repeated measure analysis. For
the times to first SBM or to first CSBM after initial treat-
ment administration, the distributions of times for each
treatment group were compared using a generalized
Wilcoxon test. Summary statistics regarding the change in
frequency of false starts of BMs, weekly frequency of res-
cue laxative use, and frequency of rescue laxative use
during the treatment period were calculated by treatment
group. The change in frequency of rescue laxative use in
each naldemedine dose group was compared with that in
the placebo group using a Wilcoxon rank-sum test.

The incidences of treatment-emergent AEs (TEAEs,
defined as AEs with an onset date between the first
dose of study drug and 14 days after the last dose of
study drug), treatment-related AEs (possibly, probably,
or definitely related to study drug), and SAEs were com-
pared between each of the naldemedine dose groups

and the placebo group using Fisher’s exact test.
Changes in NRS pain scores and COWS scores were
analyzed using Welch’s t test.

Results

Baseline Patient Characteristics

In total, 244 patients were randomized 1:1:1:1 to the nal-
demedine 0.1 mg, 0.2 mg, 0.4 mg, or the placebo groups
(Figure 2). Baseline patient characteristics were compara-
ble across the different treatment groups (Table 1). The
mean total daily dose of opioids at baseline was not sig-
nificantly different across treatment groups (P¼ 0.8635).
Subjects were required to maintain a stable laxative regi-
men throughout the study. The proportion of subjects us-
ing concomitant, regular laxative agents during the study
was similar across the placebo and naldemedine dose
groups (72.1% [44/61], 75.4% [46/61], 78.0% [46/59],
and 71.9% [41/57] for the placebo, naldemedine 0.1 mg,
0.2 mg, and 0.4 mg groups, respectively).

Efficacy

There was a statistically significant increase from base-
line to the last 2 weeks of treatment in mean weekly
SBM frequency (the primary end point) in the naldeme-
dine 0.2 mg group (least squares [LS] mean increase
3.37 6 standard error [SE] 0.43 SBMs per week) and the
0.4 mg group (3.64 6 0.44) compared with the placebo
group (1.42 6 0.42, P¼ 0.0014, P¼0.0003, respectively)
(Figure 3). The difference in mean weekly SBM frequency
between the 0.2 mg and 0.4 mg doses was not statisti-
cally significant (P¼0.6657). The increase in mean
weekly SBM frequency in the naldemedine 0.1 mg group
was not significant compared with placebo (1.98 6 0.42,
P¼0.3504).

Compared with the placebo group, the naldemedine
0.2 mg and 0.4 mg groups demonstrated a significant
increase in mean SBM frequency from baseline to each
week of the four-week treatment period (0.2 mg group,
P<0.01 for weeks 1, 3, and 4 and P< 0.05 for week 2
vs placebo; 0.4 mg group, P<0.01 for weeks 1–4)
(Figure 4). Naldemedine 0.1 mg was not significantly dif-
ferent from placebo at any time point.

CSBM weekly frequency increased significantly from
baseline to the last two weeks of the treatment period
in the naldemedine 0.2 mg group (LS mean increase
2.69 6 0.35) and 0.4 mg group (2.44 6 0.36) compared
with the placebo group (0.99 6 0.35, P¼ 0.0007,
P¼0.0039, respectively) (Figure 5A). The difference in
mean weekly CSBM frequency between the 0.2 mg and
0.4 mg dose groups was not significant (P¼ 0.6117).
There was also no significant difference between the
naldemedine 0.1 mg group (1.49 6 0.344, P¼ 0.3077)
and the placebo group.

The proportion of SBM responders was significantly
higher with naldemedine 0.2 mg (71.2%) and 0.4 mg
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(66.7%) than with placebo (39.3%, P¼0.0005,
P¼ 0.003, respectively) (Figure 5B). The difference in
the proportion of SBM responders between the

naldemedine 0.2 mg and 0.4 mg doses was not signifi-
cant (P¼ 0.5989). The proportion of SBM responders in
the naldemedine 0.1 mg group was not significantly

Table 1 Baseline characteristics of the trial population (modified intent-to-treat population)

Naldemedine

Placebo

(N¼61)

0.1 mg/day

(N¼61)

0.2 mg/day

(N¼59)

0.4 mg/day

(N¼ 57)

Age, y 53.1 (10.9) 49.5 (9.7) 50.7 (11.4) 54.1 (11.2)

Female, N (%) 45.0 (73.8) 47.0 (77.0) 38.0 (64.4) 37.0 (64.9)

Race, N (%)

White 49 (80.3) 49 (80.3) 47 (79.7) 51 (89.5)

Black 9 (14.8) 11 (18.0) 12 (20.3) 6 (10.5)

Other 3 (4.9) 1 (1.6) 0 0

Ethnicity, N (%)

Hispanic or Latino 4 (6.6) 6 (9.8) 2 (3.4) 4 (7.0)

Not Hispanic or Latino 57 (93.4) 55 (90.2) 57 (96.6) 53 (93.0)

Body mass index, kg/m2 29.8 (7.2) 29.6 (6.3) 32.0 (8.1) 30.6 (5.6)

No. of SBMs/wk 1.22 (0.72) 1.51 (0.82) 1.52 (0.92) 1.20 (0.95)

No. of CSBMs/wk 0.38 (0.53) 0.49 (0.70) 0.52 (0.70) 0.39 (0.67)

Equivalent daily morphine dose, mg/day 146.5 (212.5) 120.6 (206.7) 124.3 (158.6) 125.3 (143.2)

All data are mean (standard deviation) unless otherwise stated.

CSBM ¼ complete spontaneous bowel movement; SBM ¼ spontaneous bowel movement.

Figure 2 Study flow diagram. Modified intent-to-treat population: placebo, N¼ 61; 0.1 mg cohort, N¼ 61; 0.2 mg
cohort, N¼ 59; 0.4 mg cohort, N¼57. Safety population: placebo, N¼ 61; 0.1 mg cohort, N¼ 61; 0.2 mg cohort,
N¼ 60; 0.4 mg cohort, N¼61. Per protocol population: placebo, N¼54; 0.1 mg cohort, N¼ 51; 0.2 mg cohort,
N¼ 53; 0.4 mg cohort, N¼ 45.
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different from the proportion in the placebo group
(52.5%, P¼0.1461).

The proportion of CSBM responders was significantly
higher with naldemedine 0.2 mg (45.8%) and 0.4 mg

Figure 3 Primary efficacy end point: least squares
mean change in weekly spontaneous bowel movement
frequency from baseline to the last two weeks of the
treatment period (modified intent-to-treat population).
Exact P values in the figure are compared with placebo.
*P¼ 0.6657 for naldemedine 0.4 mg vs 0.2 mg daily.
LS ¼ least squares; SBM ¼ spontaneous bowel movement;
SE ¼ standard error.

Figure 4 Least squares mean change in weekly spon-
taneous bowel movement frequency from baseline to
weeks 1, 2, 3, and 4 (modified intent-to-treat popula-
tion). *P< 0.05; **P< 0.01 vs placebo. LS ¼ least
squares; SBM ¼ spontaneous bowel movement.

Figure 5 A) Least squares mean change in weekly
complete spontaneous bowel movement (CSBM) fre-
quency from baseline to the last two weeks of the treat-
ment period. *P¼ 0.6117 for naldemedine 0.4 mg vs
0.2mg once daily. B) Proportion of SBM responders.
*P¼ 0.5989 for naldemedine 0.4 mg vs 0.2 mg once daily.
C) Proportion of CSBM responders. *P¼ 0.9872 for nalde-
medine 0.4 mg vs 0.2 mg once daily. Modified intent-to-
treat population shown for (A), (B), and (C). Exact P values
in figures are compared with placebo. CSBM ¼ complete
spontaneous bowel movement; LS ¼ least squares; SBM
¼ spontaneous bowel movement; SE ¼ standard error.
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(45.6%) than with placebo (21.3%, P¼0.0045,
P¼ 0.005, respectively) (Figure 5C). The difference in
the proportion of CSBM responders between the
0.2 mg and 0.4 mg doses was not significant
(P¼ 0.9872). The proportion of CSBM responders in the
naldemedine 0.1 mg group was not significantly different
from that in the placebo group (29.5%, P¼ 0.2984).

Patients in the naldemedine 0.2 mg and 0.4 mg dose
groups had significantly greater increases in the mean
weekly frequency of SBMs without straining (0.2 mg
group, LS mean 6 SE increase 2.92 6 0.39; 0.4 mg
group, 3.21 6 0.40) compared with the placebo group
(0.85 6 0.38, P< 0.05 vs placebo for both dose
groups). There was no significant difference between

the naldemedine 0.1 mg group (1.54 6 0.38) and the
placebo group (Table 2).

There were no significant differences in the mean
change in abdominal bloating score in any of the treat-
ment groups compared with the placebo group (mean
[SD] decrease 0.46 [0.76] in the 0.1 mg group; 0.54
[0.72] in the 0.2 mg group; 0.57 [0.77] in the 0.4 mg
group, and 0.40 [0.69] in the placebo group) (Table 2).
Similarly, there were no significant differences in the
mean change in abdominal discomfort score in any of
the treatment groups compared with placebo (mean
[SD] decrease 0.51 [0.79] in the 0.1 mg group; 0.50
[0.70] in the 0.2 mg group; 0.42 [0.99] in the 0.4 mg
group; 0.42 [0.73] in the placebo group) (Table 2).

Table 2 Secondary end point results (modified intent-to-treat population)

Naldemedine

Placebo

(N¼ 61)

0.1 mg/day

(N¼61)

0.2 mg/day

(N¼59)

0.4 mg/day

(N¼57)

Increase in weekly frequency of

SBMs without straining, LS mean (SE)†

0.85 (0.38) 1.54 (0.38) 2.92* (0.39) 3.21* (0.40)

Decrease in abdominal bloating score,

mean (SD)†

0.40 (0.69) 0.46 (0.76) 0.54 (0.72) 0.57 (0.77)

Decrease in abdominal discomfort

score, mean (SD)†

0.42 (0.73) 0.51 (0.79) 0.50 (0.70) 0.42 (0.99)

Proportion of patients with an improvement

in global satisfaction score, %

50.00‡ 72.41*,‡ 91.23*,‡ 83.02*,‡

LS ¼ least squares; SBM ¼ spontaneous bowel movement; SD, standard deviation and SE, standard error.

*P<0.05 vs placebo.
†From baseline to the last two weeks of the treatment period.
‡Proportion based on total number of patients with available data (placebo, N¼58; naldemedine 0.1 mg, N¼58; naldemedine

0.2 mg, N¼57; naldemedine 0.4 mg, N¼53).

Table 3 Numbers and proportions of patients reporting TEAEs (safety population)

Naldemedine

Placebo

(N¼ 61)

0.1 mg/day

(N¼ 61)

0.2 mg/day

(N¼60)

0.4 mg/day

(N¼61)

TEAE 31 (50.8) 25 (41.0) 30 (50.0) 34 (55.7)

Serious TEAE 0 (0.0) 2 (3.3) 0 (0.0) 1 (1.6)

Treatment-related TEAE 10 (16.4) 10 (16.4) 15 (25.0) 24* (39.3)

Any GI TEAE 8 (13.1) 13 (21.3) 15 (25.0) 21 (34.4)

Abdominal pain 1 (1.6) 3 (4.9) 5 (8.3) 9 (14.8)

Diarrhea 3 (4.9) 3 (4.9) 3 (5.0) 11 (18.0)

Flatulence 2 (3.3) 3 (4.9) 3 (5.0) 2 (3.3)

Nausea 1 (1.6) 1 (1.6) 4 (6.7) 3 (4.9)

All data are N (%).

GI ¼ gastrointestinal; TEAE ¼ treatment-emergent adverse event.

*P<0.01 vs placebo.
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The proportion of patients with an improvement in
global satisfaction score at the end of treatment (those
selecting slightly, moderately, or markedly improved)
was significantly higher in all three treatment groups
than in the placebo group (0.1 mg group, 72.41%;
0.2 mg group, 91.23%; 0.4 mg group, 83.02%; placebo,
50.00%; P<0.05 for all doses compared with placebo)
(Table 2). Additional secondary end point results are
summarized in Supplementary Table S1.

Safety

The overall incidence of TEAEs was similar across the
treatment groups. The most common TEAEs were GI dis-
orders, including abdominal pain, diarrhea, flatulence,
and nausea (Table 3). Most TEAEs were mild to moderate
in severity. The incidence of treatment-related AEs in-
creased with naldemedine dose. Ten patients discontin-
ued from the study owing to a TEAE: one in the 0.1 mg
group (chest pain, recorded as an SAE); four in the
0.2 mg group (flatulence, upper abdominal pain, diarrhea,
abdominal pain); and five in the 0.4 mg group (diarrhea
[N¼ 3], dyspnea [N¼ 1], abdominal pain plus diarrhea
[N¼ 1]). There were no clinically meaningful changes from
baseline in NRS pain scores or COWS scores relative to
placebo in any of the naldemedine groups (Figure 6).

Changes in chemistry, hematology, and urinalysis pa-
rameters from baseline to the end of the treatment pe-
riod were similar for all treatment groups, and there
were no clinically notable differences between the treat-
ment groups. Mean changes in vital signs were minimal,
and no clinically relevant changes were observed in any
treatment group. There were no clinically meaningful
changes in physical examination parameters from base-
line to the end of the treatment period in any treatment
group. Mean changes in electrocardiogram parameters
were generally small, and no clinically relevant changes
were observed in any treatment group.

Pharmacokinetic Profile

Naldemedine was rapidly absorbed following multiple
0.1 mg–0.4 mg doses, with a median Tmax of 1.0 hour
(Figure 7 and Table 4). The geometric mean Cmax and
AUC0-s of naldemedine increased in proportion to the
dose over the range of 0.1–0.4 mg following single and
multiple doses.

Discussion

Many patients with chronic noncancer pain who develop
OIC do not achieve satisfactory relief of OIC symptoms
using diet, laxatives, or stool softeners; thus, an effective
approach is needed for these patients [5,8]. In this
phase 2b, double-blind placebo-controlled trial, the

Figure 6 A) Numerical rating scale pain scores and B) clinical opiate withdrawal scale scores (safety population).
COWS ¼ clinical opiate withdrawal scale; NRS ¼ numerical rating scale.

Figure 7 Mean plasma concentration time profile for
naldemedine on day 28. SD ¼ standard deviation.
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efficacy and safety of the novel PAMORA naldemedine,
administered at once-daily doses of 0.1, 0.2, and
0.4 mg, was evaluated in patients with chronic noncan-
cer pain who had OIC and were receiving opioid ther-
apy. The trial met its primary end point, demonstrating
that naldemedine 0.2 mg or 0.4 mg once daily signifi-
cantly increased the mean weekly frequency of SBMs
from baseline to the last two weeks of the treatment pe-
riod, compared with placebo. Change in mean weekly
frequency of SBMs in the naldemedine 0.1 mg group
was not significantly different from that in the placebo
group. Based on the overall efficacy and safety profiles
demonstrated in this study, naldemedine 0.2 mg once
daily has been selected for future clinical trials in OIC.

Naldemedine 0.4 mg produced a slightly greater increase
in mean weekly SBM frequency than naldemedine
0.2 mg, but the difference was not significant, suggesting
no increase in efficacy with this higher dose. The effects
of naldemedine 0.2 mg and 0.4 mg vs placebo were
maintained throughout the four-week study period.

Benefits were observed with naldemedine 0.2 mg and
0.4 mg across multiple secondary end points in the
current study. Change in CSBM frequency and the pro-
portion of SBM and CSBM responders showed signifi-
cant improvements compared with placebo; this was
not seen with naldemedine 0.1 mg. There was again no
significant difference between the two higher doses,
suggesting that increasing the dose above 0.2 mg per
day does not provide any additional benefit.

Straining to pass a BM and a feeling of incomplete
evacuation are key symptoms used to determine OIC
[5]. Naldemedine 0.2 mg and 0.4 mg reduced these
symptoms, as demonstrated by significant differences in
relevant secondary end points (increase in the proportion
of CSBM responders and the mean weekly frequency of
SBMs without straining) compared with placebo.

There were no significant changes in the abdominal bloat-
ing and abdominal discomfort scores between baseline
and the end of the treatment period in this study. The
reasons for these findings are not clear. A possible expla-
nation is that the scales used in the current study were

not sufficiently sensitive to detect small changes in ab-
dominal bloating and discomfort. To the best of our
knowledge, there is not a validated scale for an objective
assessment of bloating in patients with constipation.

Patients in all three dose groups were significantly more
satisfied with treatment at the end of the current study
than those receiving placebo: over 90% of patients re-
ceiving naldemedine 0.2 mg, but only 50% of those re-
ceiving placebo, were satisfied.

All doses of naldemedine were well tolerated, and no
safety concerns emerged in this study. The overall inci-
dence of TEAEs was similar across treatment groups.
The incidence of treatment-related AEs increased with
naldemedine dose. The highest number of treatment-
related AEs was reported in patients treated with
naldemedine 0.4 mg. This suggests a dose-related re-
sponse, with a better safety profile being demonstrated
for naldemedine 0.2 mg than for naldemedine 0.4 mg.
The most frequently reported treatment-related AEs
were GI disorders, including abdominal pain, diarrhea,
flatulence, and nausea. These AEs are expected based
on the mechanism of action of the drug and its expected
effect on l-opioid receptors expressed in the enteric
nervous system.

Naldemedine had no effect on the analgesic property of
opioids (as assessed by NRS pain scores) and did not
cause opioid withdrawal (as assesed by COWS scores),
consistent with its peripheral action. The pharmacokinetic
profile of naldemedine demonstrated that it is rapidly ab-
sorbed, with an apparent terminal elimination half-life
(7.11–10.8 hours) that supports once-daily dosing.

Study Limitations

This trial had some limitations: the use of a self-
recorded diary to determine subjective outcomes, in-
cluding straining, constipation, patient satisfaction, and
pain may have introduced some bias. Such diaries are,
however, a routine and necessary element of all OIC tri-
als. Larger trials with longer duration of treatment are
needed to confirm the results of this study.

Table 4 Pharmacokinetic profile of naldemedine

N Cmax, ng/mL Tmax, h AUC0–s, ng�h/mL t1=2,z, h

Naldemedine 0.1 mg/day 4 1.15 (25.8) 1.03 (1.00–1.97) 9.677 (33.7) 8.64 (16.4)

Naldemedine 0.2 mg/day 4 2.00 (22.7) 1.00 (1.00–1.03) 16.94 (46.6) 7.11 (28.7)

Naldemedine 0.4 mg/day 4 4.03 (32.3) 1.00 (1.00–1.08) 31.72 (11.4) 10.8 (31.5)

All values are given as geometric mean (percentage coefficient of variation) other than Tmax, which is given as median (range).

AUC0–s, area under the concentration time curve from time 0 to the time point of the last measurable concentration in the dose

interval.

Cmax ¼ maximum observed plasma concentration

Tmax ¼ time to Cmax

t1=2,z ¼ apparent terminal elimination half-life
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Conclusion

Administration of the PAMORA naldemedine at doses of
0.2 mg and 0.4 mg once daily for four weeks was effica-
cious in relieving OIC in patients with chronic noncancer
pain who were taking opioids long term. The 0.2 mg
dose was shown to have a better safety profile than the
0.4 mg dose. Treatment with naldemedine did not com-
promise analgesia or cause opioid withdrawal symp-
toms. Naldemedine 0.2 mg once daily will be used in
future confirmatory trials in OIC.
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