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Key questions

What is already known about this subject?
 ► Opioid-induced constipation (OIC) is one of the most 
common adverse events associated with the use of 
opioid analgesics and has a significant negative im-
pact on patients’ health-related quality of life.

 ► Naldemedine is a peripherally acting μ-opioid recep-
tor antagonist that is approved to treat OIC in adults 
with chronic non-cancer pain (in the USA and Japan) 
or in patients with cancer (in Japan).

 ► In two randomised, placebo-controlled studies 
(phase IIb and phase III), treatment with naldemedine  
resulted in significantly greater proportions of spon-
taneous bowel movement (SBM) responders and 
greater changes from baseline in SBM frequency 
per week compared with placebo.

What does this study add?
 ► This pooled, post hoc, subgroup analysis of 
two randomised, placebo-controlled studies of  
naldemedine evaluated baseline characteristics that 
may influence the efficacy and safety of naldemedine  
in patients with OIC and cancer.

 ► Naldemedine, at a dose of 0.2 mg, appeared to 
benefit patients with OIC and cancer irrespective of 
baseline characteristics.

 ► Naldemedine, at a dose of 0.2 mg, did not appear 
to affect analgesia or withdrawal, as measured 
by Numerical Rating Scale and Clinical Opioid 
Withdrawal Scale, even in patients with potential 
blood–brain barrier disruptions.

How might this impact on clinical practice?
 ► This study provides additional safety and efficacy 
data for naldemedine in the treatment of OIC, with 
the potential to contribute to the relief of iatrogenic 
suffering in patient receiving opioid therapy.

AbstrAct
Objective This post hoc, pooled, subgroup analysis 
of two randomised studies evaluated baseline 
characteristics that may influence the efficacy and 
safety of naldemedine in patients with opioid-induced 
constipation (OIC) and cancer.
Methods Data for patients who received 0.2 mg 
naldemedine or placebo were pooled from randomised, 
placebo-controlled, phase IIb and phase III studies. 
Proportions of spontaneous bowel movement (SBM) 
responders and patients with diarrhoea were assessed 
for each treatment group. For the patient subgroups 
with or without possible blood–brain barrier (BBB) 
disruptions, changes in Numerical Rating Scale (NRS) 
and Clinical Opioid Withdrawal Scale (COWS) scores 
were assessed.
Results A total of 307 patients were included in this 
analysis (naldemedine: n=155; placebo: n=152). The 
pooled proportion of SBM responders was 73.5% with 
naldemedine versus 35.5% with placebo. There was a 
significant increase in the proportion of SBM responders 
with naldemedine versus placebo (38.0% (95% CI 
27.6% to 48.4%); p<0.0001). Greater proportions 
of SBM responders and patients who experienced 
diarrhoea were observed with naldemedine versus 
placebo in all subgroups. Changes from baseline in NRS 
and COWS scores were similar with naldemedine or 
placebo in patients with or without brain metastases.
Conclusions Although not powered to detect 
statistically significant differences in treatment effect 
among subgroups, this study demonstrated that 
naldemedine appeared to benefit patients with OIC and 
cancer, irrespective of baseline characteristics, and 
did not seem to affect analgesia or withdrawal–even 
in patients with potential BBB disruptions. Baseline 
characteristics did not appear to affect the incidence of 
diarrhoea in patients who received naldemedine.
Trial registration numbers JapicCTI-111510 and 
JapicCTI-132340.

InTROduCTIOn
Opioid agonists, such as morphine and 
oxycodone, effectively modulate pain by 
binding μ-opioid receptors in the central 

and peripheral nervous systems and are 
typically the first choice for physicians in 
the treatment of cancer pain.1 2 Opioids, 
however, can bind and activate enteric 
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μ-opioid receptors, leading to opioid-induced constipa-
tion (OIC).3 OIC is one of the most common adverse 
events (AEs) associated with the use of opioid analge-
sics and has a significantly negative impact on patients’ 
health-related quality of life.3–5

Laxatives are commonly used as a first-line treat-
ment for OIC; however, they do not treat the under-
lying cause of the condition, are ineffective in >50% of 
patients and can have varying efficacy depending on 
the class of opioid used.3 6 7 As an example, lubipros-
tone—a prescription-strength laxative approved by the 
US Food and Drug Administration (FDA) for the treat-
ment of OIC8 9—provides significant improvement in 
responder rates for patients receiving phenanthrene 
(eg, morphine, oxycodone or hydromorphone) or 
phenylpiperidine opioids (eg, fentanyl or remifent-
anil), but not diphenylheptane opioids (methadone or 
propoxyphene).10 Another class of therapeutics, known 
as ‘peripherally acting μ-opioid receptor antagonists’ 
(PAMORAs), target opioid receptors in the gastrointes-
tinal tract, with minimal penetration across the blood–
brain barrier (BBB), thereby reducing OIC without 
affecting analgesia.3 6 9

Naldemedine is a PAMORA that is approved to treat 
OIC in adults with chronic non-cancer pain (in the USA 
and Japan) or in patients with cancer (in Japan).11 12 
In a systematic review and meta-analysis of randomised 
controlled clinical trials of pharmacological therapies 
for the treatment of OIC, naldemedine demonstrated 
greater efficacy for the treatment of OIC (defined as ≥3 
bowel movements (BMs) per week and an increase of 
≥1 BM per week over baseline) versus other therapies.13

In two randomised, placebo-controlled studies 
(phase IIb and phase III), treatment with naldemedine 
resulted in significantly greater proportions of sponta-
neous bowel movement (SBM) responders and greater 
changes from baseline in SBM frequency per week 
compared with placebo.14 15 In both studies, the safety 
profiles of naldemedine were similar and the most 
common treatment-emergent AE was diarrhoea.14 15 
Although naldemedine did not increase opioid with-
drawal in either study, as measured by the Clinical 
Opioid Withdrawal Scale (COWS) scoring method, 
patients with a disrupted BBB are thought to be at 
increased risk for opioid withdrawal or reduced anal-
gesia.11 14–16

The efficacy and safety of PAMORAs, much like 
the efficacy and safety of laxatives, may be affected 
by patient characteristics and/or the types of opioids 
used to treat patients. For example, in clinical trials, 
treatment with the FDA-approved PAMORA naloxegol 
resulted in an increased incidence of gastrointestinal 
AEs in patients receiving methadone compared with 
other opioids.17 The specific factors that may influence 
the efficacy and safety of naldemedine have not been 
well studied. Here, we present the results of a pooled, 
post hoc, subgroup analysis of two randomised, place-
bo-controlled studies of naldemedine14 15 to evaluate 

factors that may influence the efficacy and safety of 
naldemedine in patients with OIC and cancer.

MeTHOds
study design
This pooled analysis comprises data from two 
randomised, double-blind, placebo-controlled 
studies (phase IIb (JapicCTI-11151015) and phase III 
(JapicCTI-13234014)). In both studies, patients with 
cancer and OIC were enrolled and received once-
daily oral naldemedine (0.1, 0.2 or 0.4 mg (phase IIb); 
0.2 mg (phase III)) or placebo for 14 days. The study 
designs for the phase IIb and phase III studies have 
been previously published.14 15 Briefly, eligible patients 
were aged ≥18 years (phase IIb) or ≥20 years (phase 
III) and had been given a diagnosis of cancer that did 
not directly affect gastrointestinal function, had OIC 
(defined as experiencing, during the 2 weeks prior 
to randomisation, ≤5 SBMs and straining, incomplete 
evacuation and/or hard stools in ≥25% of all BMs), had 
an Eastern Cooperative Oncology Group performance 
status ≤2 and had received opioids for ≥2 weeks prior to 
screening.

Both studies were conducted in accordance with the 
International Conference on Harmonization Good 
Clinical Practice and the Declaration of Helsinki and 
were approved by corresponding institutional review 
boards.14 15 Before the start of each study, all patients 
provided written informed consent.

Outcome measures
In the phase IIb study, the primary endpoint was the change 
from baseline in SBM frequency per week.15 Secondary 
endpoints included the proportion of SBM responders 
(defined as subjects with ≥3 SBMs per week and an increase 
of ≥1 SBM per week from baseline), change from baseline 
in SBM frequency without straining per week and change 
from baseline in SBMs with a feeling of complete evacua-
tion (complete spontanteous bowel movements (CSBMs)) 
per week.15 In the phase III study, the primary endpoint was 
the proportion of SBM responders.14 Secondary endpoints 
included the change from baseline in SBM frequency per 
week, change from baseline in SBM frequency without 
straining per week and change from baseline in CSBMs 
per week.14 In both studies, safety-related endpoints were 
evaluated by recording AEs with severity grades according 
to the Common Terminology Criteria for Adverse Events 
(CTCAE) version 4.0, Numerical Rating Scale (NRS) scores 
of pain intensity and assessments of opioid withdrawal by 
the COWS scoring method.14 15 Primary and secondary 
endpoints and safety outcomes have been previously 
reported separately.14 15

subgroup analysis
In this post hoc subgroup analysis, patients who 
received 0.2 mg naldemedine or placebo in the phase 
IIb or III studies were pooled and analysed according 
to the overall population and by subgroup. The 
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Table 1 Patient demographics and baseline characteristics

Parameter

Phase IIb15 Phase III14 Pooled

Naldemedine 
(n=58)

Placebo
(n=56)

Naldemedine 
(n=97)

Placebo
(n=96)

Naldemedine 
(n=155)

Placebo
(n=152)

Mean age, years (SD) 63.4 (10.4) 64.2 (9.6) 63.8 (9.4) 64.6 (11.8) 63.7 (9.7) 64.4 (11.0)

Age category, years, n (%)

  <40 3 (5.2) 1 (1.8) 1 (1.0) 3 (3.1) 4 (2.6) 4 (2.6)

  ≥40–<65 26 (44.8) 25 (44.6) 49 (50.5) 42 (43.8) 75 (48.4) 67 (44.1)

  ≥65 29 (50.0) 30 (53.6) 47 (48.5) 51 (53.1) 76 (49.0) 81 (53.3)

  ≥75 4 (6.9) 5 (8.9) 9 (9.3) 26 (27.1) 13 (8.4) 31 (20.4)

Sex, n (%)

  Male 34 (58.6) 34 (60.7) 59 (60.8) 60 (62.5) 93 (60.0) 94 (61.8)

  Female 24 (41.4) 22 (39.3) 38 (39.2) 36 (37.5) 62 (40.0) 58 (38.2)

Mean BMI, kg/m2 (SD) 21.8 (2.96) 21.5 (3.66) 21.5 (3.59) 20.8 (3.63) 21.6 (3.36) 21.1 (3.64)

I category, kg/m2, n (%)

  <18.5 9 (15.5) 9 (16.1) 17 (17.5) 26 (27.1) 26 (16.8) 35 (23.0)

  ≥18.5–<25.0 39 (67.2) 40 (71.4) 67 (69.1) 59 (61.5) 106 (68.4) 99 (65.1)

  ≥25.0–<30.0 10 (17.2) 5 (8.9) 11 (11.3) 10 (10.4) 21 (13.5) 15 (9.9)

  ≥30.0 0 2 (3.6) 2 (2.1) 1 (1.0) 2 (1.3) 3 (2.0)

Primary tumour location, n (%)

  Lung 21 (36.2) 30 (53.6) 42 (43.3) 45 (46.9) 63 (40.6) 75 (49.3)

  Breast 13 (22.4) 13 (23.2) 22 (22.7) 17 (17.7) 35 (22.6) 30 (19.7)

  Large intestine 3 (5.2) 0 3 (3.1) 3 (3.1) 6 (3.9) 3 (2.0)

  Other 21 (36.2) 13 (23.2) 30 (30.9) 31 (32.3) 51 (32.9) 44 (28.9)

Race, n (%)

  Asian 58 (100.0) 56 (100.0) 97 (100.0) 96 (100.0) 155 (100.0) 152 (100.0)

Prior use, n (%)

  Anticancer drugs 36 (62.1) 34 (60.7) 72 (74.2) 62 (64.6) 108 (69.7) 96 (63.2)

  Routine laxatives 58 (100.0) 56 (100.0) 72 (74.2) 74 (77.1) 130 (83.9) 130 (85.5)

  Rescue laxatives 56 (96.6) 54 (96.4) 93 (95.9) 89 (92.7) 149 (96.1) 143 (94.1)

Mean (SD) daily dose of
opioids,* mg

82.3 (87.2) 85.5 (98.5) 57.3 (46.4) 69.5 (99.5) 66.7 (65.6) 75.4 (99.1)

Total daily dose of opioids,* n (%)

  <60 mg 31 (53.4) 28 (50.0) 50 (51.5) 57 (59.4) 81 (52.3) 85 (55.9)

  ≥60–<120 mg 13 (22.4) 15 (26.8) 34 (35.1) 25 (26.0) 47 (30.3) 40 (26.3)

  ≥120 mg 14 (24.1) 13 (23.2) 13 (13.4) 14 (14.6) 27 (17.4) 27 (17.8)

Prior opioid type used, n (%)

  Oxycodone 41 (70.7) 34 (60.7) 67 (69.1) 68 (70.8) 108 (69.7) 102 (67.1)

  Morphine 8 (13.8) 9 (16.1) 7 (7.2) 8 (8.3) 15 (9.7) 17 (11.2)

  Fentanyl 7 (12.1) 14 (25.0) 22 (22.7) 22 (22.9) 29 (18.7) 36 (23.7)

Possible BBB disruption,† n (%) 13 (22.4) 10 (17.9) 9 (9.3) 9 (9.4) 22 (14.2) 19 (12.5)

Parts of this table were data used from previously published reports by the authors. Adapted with permission from: Katakami N, et al. J 
Clin Oncol 2017;35:3859–66; and Katakami N, et al. J Clin Oncol 2017;35:1921–8.
*Oral morphine equivalent.
†Defined as the presence of brain metastasis.
BBB, blood–brain barrier; BMI, body mass index; SD, standard deviation.

differences in the proportions of SBM responders 
and the proportions of patients with diarrhoea 
were assessed. Specific subgroups included age 

(<65 years, ≥65 years or ≥75 years), body mass index  
(<18.5 kg/m2, ≥18.5 kg/m2 to <25 kg/m2 or ≥25 kg/m2), 
sex (male or female), prior opioid type (oxycodone, 
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Figure 1 Proportions of SBM responders and differences of proportions of SBM responders during the 2-week treatment 
period (full analysis set). SBM, spontaneous bowel movement; SE; standard error. Adapted with permission from: Katakami N, 
et al. J Clin Oncol 2017;35:3859–66; and Katakami N, et al. J Clin Oncol 2017;35:1921–8.

Figure 2 Differences in the proportions of SBM responders by subgroups (full analysis set). aOral morphine equivalent. BBB, 
blood–brain barrier; BMI, body mass index; LAX; laxative; N, no; SBM, spontaneous bowel movement; TDD, total daily dose at 
baseline; Y, yes.

morphine or fentanyl), average oral morphine equiv-
alent total daily dose (TDD) of opioid at baseline  
(<60 mg, ≥60 mg to <120 mg or ≥120 mg), prior opioid 
administration route (oral or transdermal), the use 
of prior regular laxative (yes or no), the prior regular 
laxative type used (magnesium oxide, sennoside A+B 

or other), prior anticancer therapy (yes or no) and 
possible BBB disruption (defined as patients with the 
presence of brain metastasis; yes or no). Additionally, 
changes from baseline in NRS and COWS scores for 
patients with a possible disruption to the BBB were 
assessed for each treatment group.
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Figure 3 Differences in the proportions of patients with diarrhoea based on Common Terminology Criteria for Adverse Events 
by subgroups (safety analysis set). aOral morphine equivalent. BBB, blood–brain barrier; BMI, body mass index; LAX, laxative; 
N, no; TDD, total daily dose at baseline; Y, yes.

statistical methods
Efficacy analyses were conducted in the full analysis set 
(defined as all patients who were randomly assigned 
and received study treatment (0.2 mg naldemedine or 
placebo) and for whom any efficacy data were obtained). 
Safety analyses were conducted in the safety analysis set 
(defined as all patients who were randomly assigned 
and received study treatment). Both efficacy and safety 
analyses were conducted for the overall population and 
according to the subgroups listed. Data from the phase 
IIb study for patients who received 0.1 mg or 0.4 mg 
naldemedine were not included in either analysis set. 
The differences in the proportions of SBM responders 
with naldemedine versus placebo and their 95% CIs 
were calculated using the method by Koch et al18 and 
are shown as a forest plot for the overall pooled popula-
tion and by subgroup. The proportions of patients with 
diarrhoea based on CTCAE were calculated similarly. 
The CTCAE terminology was chosen to define diar-
rhoea to eliminate any potential effects on the reported 
incidence of diarrhoea from the primary phase III and 
phase IIb studies (ie, patient-reported BMs with a score 
of 7 on the Bristol Stool Form Scale in the phase IIb 
study versus patient-reported diarrhoea in the phase III 
study). All statistical analyses were conducted by using 
SAS software (V.9.2).

Changes from baseline in NRS and COWS scores 
at each timepoint were analysed for the subgroup of 

patients with or without a possible BBB disruption by 
mixed-effects model repeated measures with base-
line and study as the covariates, and treatment group, 
time and time-by-treatment group interactions as fixed 
effects. The covariance matrix for the time factor was 
assumed to be unstructured. Plots of least squares 
means of changes and their 95% CIs over time were 
presented by treatment group for the pooled studies 
within each subgroup.

ResulTs
Patients
A total of 307 patients were included in this pooled, post 
hoc, subgroup analysis (naldemedine: n=155; placebo: 
n=152). The baseline characteristics and patient demo-
graphics were relatively well balanced between treatment 
groups and across both studies (table 1). Overall, the 
most frequent primary tumour location was in the lung, 
present in 40.6% of patients who received naldemedine 
and 49.3% of patients who received placebo. Patient 
dispositions for the primary studies have been previously 
published.14 15

efficacy
The pooled proportion of SBM responders was 73.5% 
(114/155) for patients who received naldemedine and 
35.5% (54/152) for patients who received placebo 
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Figure 4 Change from baseline in NRS scores in patients 
with possible disruption (A) or without possible disruption 
(B) to BBB (LS mean; error bars are 95% CI) (safety analysis 
set). BBB, blood–brain barrier; BL, baseline; LS, least 
squares; NRS, Numerical Rating Scale.

(figure 1), and there was a significant difference in the 
proportions of SBM responders between treatment 
groups (38.0% (95% CI 27.6% to 48.4%); p<0.0001). In 
all subgroups evaluated, the point estimates for the differ-
ences in the proportions of responders between treatment 
groups were greater than zero (figure 2). Specifically, in 
the opioid subgroups, the differences in the proportions 
of responders with naldemedine vs placebo were 44.5% 
(95% CI 32.3% to 56.8%) for the patients who received 
oxycodone, 19.6% (95% CI −16.2% to 55.5%) for the 
patients who received morphine and 34.0% (95% CI 
12.2% to 55.9%) for the patients who received fentanyl. 
The differences in the proportions of responders who 
received naldemedine versus placebo decreased numer-
ically as the average oral morphine equivalent TDD 
of opioids decreased. For patients who received an 
oral morphine equivalent TDD of ≥120 mg, the differ-
ence was 48.1% (95% CI 23.8% to 72.3%), whereas for 
patients who received an oral morphine equivalent TDD 
of ≥60–≤120 mg, the difference was 41.6% (95% CI 
22.6% to 60.6%), and for patients who received an oral 
morphine equivalent TDD of <60 mg, the difference was 
34.1% (95% CI 19.7% to 48.4%). The difference in the 
proportions of responders who received naldemedine vs 
placebo was greater in the subgroup of patients with anti-
cancer treatment (42.3% (95% CI 30.1% to 54.6%)) than 
in the subgroup of patients without anticancer treatment 
(27.5% (95% CI 9.1% to 45.9%)).

safety
Overall, a higher proportion of patients who received 
naldemedine compared with placebo had diarrhoea 
(difference in proportions: 37.5% (95% CI 27.1% to 
47.9%)) (figure 3). In all subgroups evaluated, the 
point estimates for the differences in the proportions 
of patients who experienced diarrhoea between treat-
ment groups were greater than zero. The difference in 
the proportions of patients with diarrhoea who received  
naldemedine versus those who received placebo was larger 
in the subgroup of patients with a possible disruption in 
BBB (difference of proportions: 56.3% (95% CI 30.3% 
to 82.3%)) than in the subgroup of patients without a 
disruption in the BBB (difference of proportions: 34.5% 
(95% CI 23.2% to 45.8%)).

Further analyses in the subgroup of patients with a 
possible BBB disruption were conducted to evaluate the 
potential effect of naldemedine on pain and opioid with-
drawal. Changes from baseline in NRS scores and COWS 
scores were similar between treatment groups, irrespec-
tive of potential BBB disruption (figures 4 and 5). In 
patients with a possible BBB disruption, the maximum 
absolute difference in the change from baseline between 
treatment groups was 0.39 for NRS scores and 0.27 for 
COWS scores. In patients without a disruption in BBB, 
the maximum absolute difference in the change from 
baseline between treatment groups was 0.32 for NRS 
scores and 0.12 for COWS scores.

dIsCussIOn
In this pooled, post hoc, subgroup analysis of two 
randomised clinical studies of naldemedine, the propor-
tion of SBM responders and the incidence of diarrhoea in 
the various subgroups evaluated were generally consistent 
with that observed in the overall pooled patient popula-
tion. These data suggest that there were no obvious base-
line characteristics that affected the efficacy or safety of 
0.2 mg naldemedine in patients with OIC and cancer.

Several randomised studies have concluded that minimal 
amounts of naldemedine cross the BBB; however, patients 
with a disrupted BBB are thought to be at increased risk for 
opioid withdrawal or reduced analgesia.14 19 20 In this anal-
ysis, the differences in the proportions of patients with diar-
rhoea who received naldemedine versus those who received 
placebo were relatively large for patients with or without a 
potential BBB disruption. Although diarrhoea can be a 
symptom of opioid withdrawal,21 no other notable symp-
toms of withdrawal were observed in this analysis. Specifi-
cally, treatment with either 0.2 mg naldemedine or placebo 
resulted in similar changes from baseline in both NRS 
and COWS scores in patients with or without brain metas-
tases (a proxy for possible BBB disruption). Moreover, in 
this patient subgroup, the maximum absolute differences 
from baseline in NRS and COWS scores were small. These 
results suggest that naldemedine may demonstrate efficacy 
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Figure 5 Change from baseline in COWS scores in 
patients with possible disruption (A) or without possible 
disruption (B) to BBB (LS mean; error bars are 95% CI) 
(safety analysis set). BBB, blood–brain barrier; BL, baseline; 
COWS, Clinical Opiate Withdrawal Scale; LS, least squares.

without reducing the analgesic effects of opioids, even in 
patients with BBB disruption. However, data for this partic-
ular subgroup should be interpreted with caution because 
of the small number of patients (n=41) and the wide 95% 
CIs observed, and because not all brain metastases are asso-
ciated with a disrupted BBB.22 Further evaluations of the 
efficacy and safety of naldemedine in a larger population of 
patients with a known disruption of the BBB are needed to 
better understand the potential effects of naldemedine in 
this patient subgroup.

This pooled post hoc analysis was not powered to 
detect statistically significant differences between 
subgroups. Many of the subgroups were particularly 
small (n<40 in either treatment group), including 
those with patients: aged ≥75 years, with BMI <18.5 or  
≥25 kg/m2, who received morphine or fentanyl, who 
received an average oral morphine equivalent TDD of 
opioid ≥120 mg, who received sennoside A+B or laxa-
tives other than sennoside A+B or magnesium oxide, 
who received transdermal opioids, and patients with a 
possible BBB disruption.

Overall, in these two clinical studies, naldemedine 
at a dose of 0.2 mg appeared to benefit patients with 
OIC and cancer regardless of baseline characteristics, 
and baseline characteristics did not appear to affect 

the incidence of diarrhoea in patients who received 
naldemedine.
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