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Introduction

Abstract

Background and Aim: Opioid-induced constipation (OIC) is a frequent adverse event
(AE) that impairs patients’ quality of life (QOL). Peripherally acting p-opioid receptor an-
tagonists (PAMORAS) have been recognized as a treatment option for OIC, but the effect
consistent across the studies has not been evaluated.

Methods: We conducted a quantitative meta-analysis to explore the efficacy of PAMORA
for OIC (registered with PROSPERO: CRD42018085298). We systematically searched
randomized controlled trials (RCTs) in Medline, Embase, and Central databases. Change
from baseline in spontaneous bowel movements, pooled proportion of responders, QOL,
and AEs were calculated and compared with results in placebo cases.

Results: We included 31 RCTs with 7849 patients. A meta-analysis revealed that patients
under PAMORA therapy had considerably improved spontaneous bowel movement from
baseline compared with those given placebo (20 RCTs; mean difference, 1.43; 95% confi-
dence interval [CI], 1.18-1.68; n = 5622) and more responded (21 RCTs; risk ratio [RR],
1.81; 95% CI, 1.55-2.12; n = 4821). Moreover, QOL of patients receiving PAMORA was
significantly better (8§ RCTs; mean difference, —0.22; 95% CI, —0.28 to —0.17; n = 2884).
AEs were increased significantly in the PAMORA group (26 RCTs; RR, 1.10; 95% CI,
1.06-1.15; n = 7715), especially in gastrointestinal disorders, whereas serious AEs were
not significant (17 RCTs; RR, 1.04; 95% CI, 0.85-1.28; n = 5890).

Conclusion: Peripherally acting p-opioid receptor antagonist has been shown to be effec-
tive and durable for patients with OIC and is the only drug with confirmed evidence in
meta-analysis. The possibility of publication bias was the limitation of this study.

However, to date, to our knowledge, the consistent effect of
PAMORA across studies has not been systemically evaluated. In

Opioids are widely used for the treatment of pain syndromes.' De-
spite analgesic effectiveness, opioids cause gastrointestinal side ef-
fects, called opioid-induced bowel dysfunction (OIBD).>* The
most common syndrome of OIBD is opioid-induced constipation
(OIC).** OIC occurs in approximately 10-15% of opioid-treated
cancer patients, significantly impairs quality of life (QOL), and in-
creases costs.®’ Furthermore, OIC is the most common reason to dis-
continue opioid use.® Laxatives have been traditionally used for
patients with OIC. However, data indicate that OIC persists despite
sufficient laxative use with little improvement in symptoms.”'

Peripherally acting p-opioid receptor antagonists (PAMORAs)
are therapeutic agents that block p-opioid receptors in the gastro-
intestinal tract and inhibit the action of opioids without central
opioid activity. Three PAMORAs, methylnaltrexone bromide
(Relistor), naloxegol (Movantik), and naldemedine (Symproic),
have been approved by the Food and Drug Administration
(FDA) for the treatment of patients with OIC." 1In the latest
guidelines of OIC, PAMORA is a treatment option alongside
laxatives.'?
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trials of PAMORA in patients with OIC, patient backgrounds were
well balanced between randomized groups, but the groups showed
differences in the prevalence of ethnicities, malignant or nonma-
lignant diseases, and opioid doses. Thus, the efficacy of PAMORA
remains unclear in clinical settings. Evidence that supports the
efficacy of PAMORA may provide a basis for developing a new
management strategy for OIC. We conducted a systematic review
of the literature to identify randomized controlled trials (RCTs)
evaluating the role of PAMORA in patients with OIC, and we
conducted a meta-analysis to estimate the effect and safety of
PAMORA.

Methods

Search methods for identification of studies. This
meta-analysis was registered with the PROSPERO database (num-
ber CRD42018085298) and was in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
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statement.'> The date of inception of this study was January 1,
2018. We searched RCTs in the PubMed (1946 to the date of
search), Embase (1974 to the date of search), and Cochrane
databases (from inception through February 12, 2018) to identify
potentially relevant studies. The search strategy included a
combination of free text words, words in titles/abstracts, and
medical subject headings, including “bowel dysfunction” OR
“constipation” AND “mu-opioid antagonist” OR “Naldemedine”
OR “Rizmoic” OR “S-297995” OR “Symproic” OR
“Methylnaltrexone” OR “Relistor” OR “MRZ-2663” OR
“Naloxegol” OR “Movantik” OR “NKTR-118" OR “Bevenopran”
OR “CB-5945" OR “Axelopran” OR “TD-1211.” No language re-
strictions were applied. We manually searched the reference lists
of the selected articles from Google Scholar, ClinicalTrials.gov.,
and relevant reviews.

Inclusion and exclusion criteria. We included all
published and unpublished RCTs that evaluated the efficacy of
PAMORA for patients with OIC in this review. The primary out-
come was change from baseline in spontaneous bowel movement
(SBM). The secondary outcomes included QOL, responder rate,
and adverse events (AEs).

Studies were included if they met the following criteria: (i)
RCTs, (ii) adults receiving opioid or opiate drugs, (iii) diagnosis
of OIC or OIBD with constipation, (iv) comparison with placebo
groups, and (v) study reported on any of the aforementioned out-
comes. Crossover and cluster RCTs were excluded to avoid het-
erogeneity. We regarded SBM (defined as a bowel movement
without a rescue laxative taken within the past 24 h'*'¢) as the
same disease concept as a rescue-free bowel movement (defined
as a bowel movement where no laxatives were used during the
prior 24 h).

Data extraction. Data were extracted by two authors (K. N.
and S. Y.) independently. The titles and abstracts of the studies re-
trieved using the search strategy and those from additional sources
were screened independently. Then, the full texts of relevant arti-
cles were retrieved to assess eligibility. Any discrepancies were re-
solved through consultation with the third author (T. Y.) and
discussion. Missing data were requested from study authors. We
estimated data based on other available summary statistics or from
data in published figures. Data were extracted as intention-to-treat
analyses; if it was unavailable, per-protocol analyses was adopted.
If there were outcomes measured at multiple time points, we se-
lected the outcome measured by the longest duration in order to
eliminate arbitrariness or double count. In case of multiple arms,
we selected the arm used in the clinical setting or with an FDA-
approved dose to reduce heterogeneity.

Assessment of risk of bias in the included studies.

Two review authors (K. N. and S. Y.) independently assessed the
risk of bias in the included studies and assessed the quality of each
study with the risk of bias tool in the Cochrane Handbook for Sys-
tematic Reviews of Interventions.'” The risk of bias was assessed
based on the following criteria: random sequence generation, allo-
cation concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data,
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selective reporting, and other bias. Disagreements were resolved
by discussion, with involvement of a third review author (T. Y.).

Meta-analysis and subgroup analysis. Participants
were divided into two groups: the PAMORA and placebo groups.
Subgroup analysis was conducted for each drug. All analyses were
performed using Review Manager (RevMan) version 5.3 (The
Nordic Cochrane Centre, The Cochrane Collaboration). When
the change in standard deviation for each group was not available,
it was reconstructed from the standard error with the RevMan cal-
culator. As to the continuous outcomes, mean differences (MDs)
and 95% confidence intervals (Cls) were estimated as the effect re-
sults (e.g. change from baseline SBM and QOL). The effect of
each pharmacologic therapy was combined to estimate the pooled
risk ratio (RR) and associated 95% Cls for dichotomous outcomes
(e.g. proportion of responder and AEs).

Statistical heterogeneity in each meta-analysis was tested using
%, P, and )(2 statistics following the Cochrane Handbook for Sys-
tematic Reviews of Interventions.'” We regarded heterogeneity as
insignificant when /> was greater than 50% and a fixed-effects
model was used, whereas random-effects models were performed
when heterogeneity existed (P < 0.1, * > 50%). To increase the
validity of the results of the test, we performed a sensitivity anal-
ysis. All CIs had two-sided probability coverage of 95% using
Mantel-Haenszel fixed-effects and DerSimonian—Laird random-
effects models. A P value less than 0.05 was considered signifi-
cant. When 10 or more studies were included in a meta-analysis,
publication bias was evaluated by visually inspecting funnel plots.

Results

A total of 816 articles were identified and screened, and 31 RCTs
(7849 patients) were included in the meta-analysis. The search
strategy generated 808 citations. In addition, we found eight other
articles manually. Of these 816 articles, we excluded 127 because
they were duplicates, as well as 539 review articles and 18 case re-
ports. We retrieved the full texts of the remaining 132 articles. Ul-
timately, 51 articles, including 31 RCTs, met our inclusion
criteria. '8 Figure 1 shows the screening process and rea-
sons for excluding studies.

Study characteristics. The characteristics of the included
RCTs and participant information are presented in Table 1. A total
of 7849 participants were included in the 31 RCTs,'4-16-18-40
Of these RCTs, seven'* 16192939 ysed naldemedine (7 = 1399),
seven!8:23:24.27.29.34.35  y1¢eq methylnaltrexone (n = 605),
four!2831-32 ysed alvimopan (n = 518), six**>>*° used naloxegol
(n = 547), five>>3538 ysed bevenopran (n = 776), and two2%
used axelopran (n = 69). All 29 RCTs gave a placebo to the control
group (n = 3935). Three RCTs'®**33 were reported together in
one publication.

Risk of bias in the included studies. We assessed the
study quality following the criteria outlined in the Cochrane
Handbook for Systematic Reviews of Interventions.'” The risk of
bias for each study is summarized in Table 2. We excluded three
trials because of serious risk of bias, in which over half of the
patients were terminated early by the sponsor.>®*’
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8 additional records
through hand search

127 were excluded:
127 duplicates

A 4

I 689 abstract of articles assessed for eligibility I

557 were excluded:
539 reviews
18 case reports

v

132 articles eligible for full-text review

K Nishie et al.
808 potentially relevant
articles identified in
database search

Figure 1 Literature search and study selection.

OIC, opioid-induced constipation; PAMORA, pe-

81 were excluded:
28 not RCT
26 not for OIC
12 not human
6 not PAMORA
6 not compared with placebo
3 crossover trial

v

ripherally acting p-opioid receptor antagonist; RCT,
randomized controlled trial.

31RCTs (51 articles) eligible for meta-analysis I

Change from baseline of spontaneous bowel
movements. A total of 20 RCTs'*'0:2072223:26028734.39 gy
5622 patients were included in the analysis of change from base-
line of SBM per week. The overall results showed a significant in-
crease in this change among participants treated with PAMORA
(MD, 1.43;95% CI, 1.18-1.68; P < 0.00001; Fig. 2). In each sub-
group analysis, naldemedine (6 RCTs; MD, 1.71; 95% CI, 1.13—
2.28; P < 0.00001), methylnaltrexone (2 RCTs; MD, 1.49; 95%
CI, 1.10-1.89; P < 0.00001), alvimopan (4 RCTs; MD, 1.17;
95% ClI, 0.68-1.67; P = 0.49), naloxegol (5 RCTs; MD, 1.35;
95% CI, 0.71-1.98; P < 0.00001), bevenopran (1 RCTs; MD,
1.98; 95% CI, 0.88-3.08; P = 0.00004), and axelopran (2 RCTs;
MD, 1.52; 95% ClI, 0.72-2.33; P = 0.0002) were significantly im-
proved. Moderate heterogeneity (y> = 34.67, P = 0.02, I* = 45%)
was observed. In sensitive analysis, when we excluded two trials
(Webster 2013, 5 mg and Webster 2013, 50 mg) in which the dose
of the drug was 10 times different, heterogeneity was reduced
(* = 24.68, P = 0.10, I = 31%), while the overall result was
not changed (MD, 1.37;95% CI, 1.15-1.59; P < 0.00001). Funnel
plot asymmetry seemed to be observed for the impact of
PAMORA and placebo (Fig. S1).

Quality of life. Eight RCTs*>2%3033:38 with 2284 subjects re-
ported the Patient Assessment of Constipation of Quality of Life
Scale. The overall results showed a significant improvement in
QOL among participants treated with PAMORA (MD, —0.22;
95% CI, —0.28 to —0.17; P < 0.00001; Fig. 3). Little heterogene-
ity was observed (y* = 7.13, P = 0.42, I* = 2%).

Proportion of responders. In total, 21 RCTs'*"
16,182021.23.24.26-29.31-353940 ¢ PANMORA recruited 4821 pa-
tients. PAMORA showed a greater response than placebo (RR,
1.81;95% CI, 1.55-2.12; P < 0.00001). Considerable heterogene-
ity between studies (4> = 85.52, P < 0.00001, I* = 77%) was
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observed; we applied a random-effects model (Fig. 4). In subgroup
analysis, methylnaltrexone (7 RCTs; ){2 = 59.21, P < 0.00001,
P = 90%) and alvimopan (4 RCTs; x> = 16.04, P = 0.001,
P = 81%) had significant heterogeneity. On the other hand,
naldemedine (5 RCTs; y* = 7.08, P = 0.13, I* = 44%), naloxegol
(3 RCTs; * = 0.42, P = 0.81, I = 0%), and axelopran (2 RCTs;
2’ =097, P = 032, P = 0%) did not demonstrate high
heterogeneity.

Adverse events. A total of 7715 patients with 4100 AEs
were reported in 26 RCTs, 4716197393840 yera]), there were sig-
nificantly increased AEs in patients given PAMORA (RR, 1.10;
95% CI, 1.06-1.15; P < 0.00001; Fig. 5a), while the rate of seri-
ous AEs was not significant (17 RCTs; RR, 1.04; 95% CI, 0.85—
1.28; P = 0.68; Fig. 5b). Gastrointestinal toxicity, diarrhea (25
RCTs; RR, 2.07; 95% CI, 2.14-4.65), abdominal pain (26 RCTs;
RR, 2.22; 95% CI, 2.14-4.65), vomiting (22 RCTs; RR, 1.47;
95% CI, 1.17-1.84), and nausea (27 RCTs; RR, 1.39; 95% CI,
1.17-1.65) were significantly increased AEs (Fig. S2).

Discussion

To our knowledge, this is the first investigation specifically aimed
to assess the effectiveness of PAMORA for OIC and that provides
good quality evidence. The strengths of this review included two
important clinical issues. The first issue is that PAMORA was fa-
vorable in multiple outcomes for patients with OIC, and AEs were
increased in the PAMORA group.

In our comprehensive evaluation, PAMORA significantly im-
proved change in baseline SBM, QOL, and responder rate. To
our knowledge, this study included the largest number of patients
from geographically diverse regions, different ethnicities, with ma-
lignant or nonmalignant diseases, and different opioid doses. The
effect of OIBD on the subjects’ QOL has not been studied
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Table 1 Characteristics of the eligible studies
Study Phase  Participants Drug, dosage, and Median age (years), Available outcome
treatment period gender (%), and race (%)
COMPOSE1 11 547 non-cancer patients Naldemedine 0.2 mg or 53.4 (10.7) years Change SBM, responder
with OIC placebo for 12 weeks Female 60.4 rate, and AEs
White 80.0, Asian 18.5, and
others 1.5
COMPOSE2 11 533 non-cancer patients Naldemedine 0.2 mg or 53.5 (11.0) years Change SBM, responder
with OIC placebo for 12 weeks Female 60.5 rate, and AEs
White 81.6, African American
16.0, and others 2.3
COMPOSE3 Il 1246 non-cancer patients Naldemedine 0.2 mg or 53.4 (11.1) years Change SBM, QOL, and
with OIC placebo for 52 weeks Female 63.3 AEs
White 79.7, Black 18.4, and
others 1.9
Katakami 2017 I 226 cancer patients Naldemedine 0.1, 0.2, or Placebo: 64.2 (9.6) years; Change SBM, responder
with OIC 0.4 mg or placebo for 2 weeks naldemedine: 63.4 (10.4) rate, and AEs
years
Female 70.2
Asian 100
Webster 2017 I 244 non-cancer patients Naldemedine 0.1, 0.2, or 51.9 (10.8) years Change SBM, responder
with OIC 0.4 mg or placebo for 4 weeks Female 70.2 rate, and AEs
White 82.3, Black 16.0, and
others 1.7
Webster 2016 72 non-cancer patients Naldemedine 0.01, 0.03, 0.1, 43.3 (10.3) years AEs
with OIC 0.3, 1, or 3 mg or placebo for Female 52.8
2 weeks White 97.2 and others 2.8
COMPOSE4 11 193 cancer patients Naldemedine 0.2 mg or Placebo: 64.6 (11.8) years; Change SBM, responder
with OIC placebo for 2 weeks naldemedine: 63.8 (9.4) years rate, and AEs
Female 52.8
Asian 100
Yuam 2000 Unclear 22 patients with OIC Intravenous injection of No available Responder rate
methylnaltrexone 0.015 up to
0.365 mg/kg or placebo for up
to 2 days
Thomas 2008 Il 134 advanced illness Subcutaneous injection of Placebo: 70 (39-98) years; Responder rate and AEs
(including cancer) methylnaltrexone 12 mg or methylnaltrexone: 72 (34-93)
patients with OIC placebo for up to 4 or 7 days  years
Female 56.7
White 94.0 and Black 6.0
Slatkin 2009 Il 154 advanced illness Subcutaneous injection of 65.3 (14.9) years Responder rate and AEs
patients with OIC methylnaltrexone 0.15 or Female 45.5
0.3 mg/kg or placebo for Caucasian 82.5, Black 7.8,
4 weeks Hispanic 7.8, and others 1.9
Michna 2011 Il 460 non-cancer Subcutaneous injection of 48.79 (10.9) years Change SBM, QOL, and
patients with OIC methylnaltrexone, 12 mg g.d. Female 60.2 AEs
or 12 mg every other day or ~ White 89.8, Black 7.0, and
placebo for 4 weeks others 1.9
Anissian 2012 I 33 non-cancer patients after ~ Subcutaneous injection of Placebo: 65.2 (11.6) years; Responder rate and AEs
surgical procedure with OIC ~ methylnaltrexone 0.15 mg/kg methylnaltrexone: 65.2 (11.6)
or placebo for 2 weeks years
Female 66.7
White 72.7 and Black 29.3
Bull 2015 I\ 230 advanced illness Subcutaneous injection of Placebo: 65.7 (13.0) years; Change SBM, responder
patients with OIC methylnaltrexone 8 or 172 mg methylnaltrexone: 65.3 (12.9) rate, and AEs
every other day compared years
with placebo for 2 weeks Female 48.7
White 93.9 and others 6.1
(Continues)
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Table 1. (Continued)

Study Phase  Participants Drug, dosage, and Median age (years), Available outcome
treatment period gender (%), and race (%)

Rauck 2017 11 803 non-cancer patients Oral methylnaltrexone 150, Placebo: 52.6 (10.3) years; Responder rate and AEs

Paulson 2005 I

Webster 2008 I

Jansen 2011 Il

Irving 2011 Il

Webster 2013 |l

KODIAC-04 1l

KODIAC-05 1l

KODIAC-06 I

NCT01696643 I

Singla 2012 Il

NCT01901302 I

NCT01901341 I

NCT01901328 I

with OIC

168 non-cancer patients
with OIC

522 non-cancer patients
with OIC

518 non-cancer patients
with OIC

485 non-cancer patients
with OIC
207 patients with OIC

652 non-cancer patients
with OIC

700 non-cancer patients
with OIC

9 non-cancer patients
with OIC

1403 non-cancer patients
with OIC

131 non-cancer patients

with OIC

61 non-cancer patients
with OIC

44 non-cancer patients
with OIC

49 non-cancer patients
with OIC

300, or 450 mg or placebo for
4 weeks

Alvimopan 0.5 or 1.0 mg or
placebo for 3 weeks

Alvimopan 0.5 or 1.0 mg b.i.d.
or 1.0 mg g.i.d. or placebo for
6 weeks

Alvimopan 0.5 mg q.i.d. or
0.5 mg b.i.d. or placebo for
12 weeks

Alvimopan 0.5 mg g.i.d. or
0.5 mg b.i.d. or placebo for
12 weeks

Naloxegol 5, 25, or 50 mg or
placebo for 4 weeks (3 RCT)
Naloxegol 12.5 or 256 mg or
placebo for 12 weeks

Naloxegol 12.5 or 26 mg or
placebo for 12 weeks

Naloxegol 12.5 or 25 mg or
placebo for 4 weeks

Bevenopran 0.25 mg b.i.d. or
placebo for 52 weeks

Bevenopran 0.1 or 0.25 mg b.
i.d. or placebo for 4 weeks

Bevenopran 0.25 mg b.i.d. or
placebo for 12 weeks

Bevenopran 0.25 mg b.i.d. or
placebo for 12 weeks

Bevenopran 0.25 mg b.i.d. or
placebo for 12 weeks

ethylnaltrexone: 51.4 (10.5)
years

Female 39.4

White 84.3, Black 3.0, and
others 2.7

Placebo: 48 (31-72) years;
alvimopan: 51 (30-77) years
Female 69.0

White 78.2, African American
16.4, and Black 5.4
Placebo: 51.3 (11.2) years;
alvimopan: 49.7 (10.5) years
Female 64.1

White 94.5 and others 5.5
51.7 (11.3) years

Female 63.0

White 91.0, Black 8.0, and
others 1.0

52.1 (11.6) years

Female 64.0

White 91.0, Black 7.0, and
others 2.0

49.7 (11.7) years

Female 62.2

Placebo: 52.9 (10.0) years;
naloxegol: 52.2 (20.3) years
Female 60.3

White 77.8, Black 19.2, and
others 3.0

Placebo: 52.3 (11.6) years;
naloxegol: 51.9 (12.1) years
Female 62.9

White 80.2, Black 18.1, and
others 1.7

Placebo: 52.5 (4.93) years;
naloxegol: 53.8 (11.69) years
Female 77.8

White 66.7 and others 33.3
54.2 (10.11) years

Female 60.9

White 79.7, Black 17.0, and
others 3.2

18-65 (94.7) years; over

65 years (5.3)

Female 48.0

18-65 (95.0) years; over 65
(5.0) years

Female 75.4

18-65 (95.5) years; over 65
(4.5) years

Female 65.9

18-65 (95.9) years; over

65 years (4.1)

Female 75.5

Responder rate and AEs

Change SBM, responder

rate, and AEs

Change SBM, responder
rate, and AEs

Change SBM, responder
rate, and AEs

Change SBM, QOL, and
AEs

Change SBM, responder
rate, QOL, and AEs

Change SBM, responder
rate, QOL, and AEs

Responder rate and AEs

QOL and AEs

Change SBM and AEs

AEs

AEs

AEs
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Table 1. (Continued)

Study Phase  Participants Drug, dosage, and Median age (years), Available outcome
treatment period gender (%), and race (%)

Vickey 2011 Il 70 non-cancer Axelopran 0.25, 0.75, 2, 5, or  NA Change SBM, responder
10 mg or placebo for 4 weeks rate, and AEs

Vickey 2012 Il 217 non-cancer patients with ~ Axelopran 5, 10, or 15 mg or 49 (21-65) years Change SBM, responder

olC placebo for 4 weeks

Female 59 rate, and AEs

AEs, adverse events; b.i.d., bis in die; change SBM, change from baseline of spontaneous bowel movement; NA, not applicable; OIC, opioid-induced

constipation; g.d., quaque die; g.i.d., quater in die; QOL, quality of life.

Table 2 Risk of bias

Allocation
concealment

Study Random sequence

generation

Blinding of participants and  Blinding of outcome
personnel

Selective  Other
reporting bias

Incomplete

assessment outcome data

COMPOSE1
COMPOSE2
COMPOSE3
Katakami 2017
Webster 2017
Webster 2016
COMPOSE4
Yuan 2000 -
Thomas 2008
Slatkin 2009
Michna 2011
Anissian 2012
Bull 2015
Rauck 2017
Paulson 2005
Webster 2008 —
Jansen 2011 +
Irving 2011 —
Webster 2013 ?
5mg

Webster 2013 ?
25 mg
Webster 2013
KODIAC-04
KODIAC-05
KODIAC-06
NCT01696643
Singla 2012
NCT01901302
NCT01901341
NCT01901328
Vickey 2012

ooy o+ v+ o+

+ o+ o+ o+ o+ o+ v+ o+

NN+
-~J

+
N
RN R R T T T VI s S T S S

~
+

NN Y Y Y Y Y+ v
NN N Y Y Y+ 4
~ + + + + + + + + +

+ o~ o+ o+ o+
+ o+ o+ o+ o+ o+ o+

N I N T T T
B T T T S S A

~ o+ o+ o+ o+ o+

+ o+ + 4+ + v+ o+ o+ o+
| |

+ o+ + -~

+ o+ + + o+

+
|
+
+

|+ +
|+ + +
I+ + +

+ 4+ + + + + A+ o+
I+
+ o+ + + o+
|

+, low risk of bias; —, high risk of bias; ?, unclear.

extensively.*' Among patients receiving long-term opioid therapy,
OIC is known to be associated with significant increases in physi-
cian visits and significantly lower QOL.” It was clinically mean-
ingful that PAMORA improved not only the surrogate endpoint
(e.g. change in SBM and responder rate) but also the QOL as the
true endpoint. Furthermore, some reports suggested the anticancer
effect of PAMORA.** In the post hoc analysis of two
methylnaltrexone studies, PAMORA group showed a significantly
longer overall survival (P = 0.033).%

The second clinical implication of this study was that PAMORA
significantly increased AEs compared with placebo, while many
RCTs reported no significant differences. The most frequently re-
ported AE was gastrointestinal toxicity. Diarrhea, abdominal pain,
vomiting, and nausea were significantly increased in the
PAMORA group. The most common gastrointestinal toxicity
was diarrhea, and QOL scores are improved despite the fact that
toxicity was significantly higher. Diarrhea might be controlled by
reducing the laxative administered with PAMORA. In addition,
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PAMORA Placebo Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Naldemedine
COMPOSE1 342 3.1889 273 212 3.1665 272 9.3% 1.30 [0.77, 1.83] —
COMPOSE2 3.56 3.2064 276 216 2.8802 274 9.8% 1.40[0.89, 1.91] -
COMPOSE3 3.92 48095 621 292 4.6563 620 9.4% 1.00 [0.47, 1.53] ==
COMPOSE4 5.16 5.2199 97 1.54 5.2909 96  2.0% 3.62[2.14, 5.10] _—
Katakami 2017 4.75 51026 58 1.5 5.0887 56 1.3% 3.25[1.38,5.12] =
Webster 2017 3.37 3.2952 59 1.42 3.2959 61 3.0% 1.95[0.77, 3.13] —
Subtotal (95% CI) 1384 1379  34.9% 1.71 [1.13, 2.28] i
Heterogeneity: T2 = 0.30; X% = 15.54, d.f.= 5 (P = 0.008); /* = 68%
Test for overall effect: Z=5.81 (P < 0.00001)
1.1.2 Mehtylnaltrexone
Bull 2015 1.5 2 116 03 366 114 6.0% 1.20 [0.44, 1.96] —
Michna 2011 3.1 2.4495 150 1.5 15274 162 10.9% 1.60 [1.14, 2.06] =
Subtotal (95% CI) 266 276  16.8% 1.49 [1.10, 1.89] <
Heterogeneity: 72 =0.00; #*=0.78,df = 1.(P = 0.38); = 0%
Test for overall effect: Z = 7.47 (P < 0.00001)
1.1.3 Alvimopan
Irving 2011 3.05 34585 160 218 3.3724 164 6.2% 0.87[0.13, 1.61] S
Jansen 2011 351 4.0529 172 2.01 41193 172 5.0% 1.50 [0.64, 2.36] ==
Paulson 2005 24 1.88 56 1.7 5.16 54  21% 0.70 [-0.76, 2.16] —
Webster 2008 474 58149 130 293 55653 129 23% 1.81[0.42, 3.20] -
Subtotal (95% CI) 518 519 15.6% 1.17 [0.68, 1.67] -l
Heterogeneity: T2 = 0.00; X% =2.40, df=3 (P =0.49), /= 0%
Test for overall effect: Z = 4.68 (P < 0.00001)
1.1.4 Nagolexone
KODIAC-04 3.02 26208 212 202 26147 211 10.0% 1.00 [0.50, 1.50]
KODIAC-05 3.14 28563 226 2.1 2.7358 231 9.7% 1.04 [0.53, 1.55] —
Webster 2013 05 mg 2.3 2.9 31 1.7 1.9 31 Not estimable
Webster 2013 25 mg 3.2 2 29 1.7 2.2 27 3.4% 1.50 [0.40, 2.60] e
Webster 2013 50 mg 4.6 3.4 30 12 2 37 Not estimable
Subtotal (95% CI) 467 469 23.1% 1.07 [0.72, 1.41] S 4
Heterogeneity: T2 = 0.00; X*=0.67,df=2 (P=0.72); = 0%
Test for overall effect: Z = 6.14 (P < 0.00001)
1.1.5 Bevenopran
Singla 2012 342 3.287 45 1.44 1.7705 43  3.4% 1.98 [0.88, 3.08] — 5 =
Subtotal (95% CI) 45 43 3.4% 1.98 [0.88, 3.08] e
Heterogeneity: Not applicable
Test for overall effect: Z = 3.54 (P = 0.0004)
1.1.6 Axelopran
Vickey 2011 3.2 2.9443 16 1.6 1.6454 14 1.6% 1.60 [-0.08, 3.28]
Vickey 2012 3.4 2.7 47 1.9 1.8 50 4.5% 1.50 [0.58, 2.42] —
Subtotal (95% CI) 63 64 6.2% 1.52 [0.72, 2.33] i
Heterogeneity: 72 = 0.00; ¥*=0.01,df=1(P=0.92);/2=0%
Test for overall effect: Z = 3.70 (P = 0.0002)
Total (95% CI) 2743 2750 100.0% 1.37 [1.15, 1.59] . 2

Heterogeneity: T = 0.06; X* = 24.68, d.f.= 17 (P =0.10); #=31%
Test for overall effect: Z = 12.07 (P < 0.00001)
Test for subaroup differences: X* =6.61, d.f.=5 (P =0.25),/> = 24.4%

o . 0 2 4
Favors [Placebo] Favors [PAMORA]

Figure 2 Change in spontaneous bowel movement. Cl, confidence interval; PAMORA, peripherally acting p-opioid receptor antagonist. [Color figure

can be viewed at wileyonlinelibrary.com]

the detail profile of AEs was clearly different among the drugs ad-
ministered (Fig. S2). Diarrhea was not significant with alvimopan
and axelopran, while abdominal pain was not significant with
methylnaltrexone, alvimopan, and axelopran. Only naloxegol
was associated with a significantly higher incidence of nausea
and vomiting. The difference in AEs may be a reference for choos-
ing a PAMORA. Although serious AEs were not significant and
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the QOL score was superior in the PAMORA group, PAMORA
treatment was durable.

Despite side effects being a major contributor to the phenome-
non of undertreatment of opioids, diagnosis and treatment of
OIC remain insufficient among medical staff. The absence of a
standard protocol for treatment of OIC was thought to be a reason
for this insufficiency. A precise evaluation of the therapeutic effect
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PAMORA Placebo Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
2.1.1 Naldemedine
COMPOSE3 -1.24 09719 621 -094 0996 620 26.2% -0.30[-0.41,-0.19] —
Subtotal (95% Cl) 621 620 26.2% -0.30 [-0.41, -0.19] i
Heterogeneity: Not applicable
Test for overall effect: Z = 5.37 (P < 0.00001)
2.1.2 Methylnaltrexone
Michna 2011 -063 078 150 -0.35 0.68 162 11.9% -0.28[-0.44,-0.12] T
Subtotal (95% CI) 150 162 11.9% =-0.28 [-0.44,-0.12] i
Heterogeneity: Not applicable
Test for overall effect: Z = 3.37 (P = 0.0008)
2.1.3 Nagoxegol
KODIAC-04 -0.81 0.6285 158 -0.69 0.6576 173 16.4% -0.12[-0.26, 0.02] — T
KODIAC-05 -0.81 0.6423 165 -0.63 0.6782 184 16.4% -0.18 [-0.32,-0.04] - =
Webster 2013 05 mg 1:3 0.8 30 1.5 0.8 28 1.9% -0.20[-0.61, 0.21]
Webster 2013 25 mg 1.2 0.8 28 1.7 0.8 25  1.7% -0.50 [-0.93,-0.07] *
Webster 2013 50 mg 1.3 0.8 29 1.6 0.8 35 2.0% -0.30[-0.69,0.09]
Subtotal (95% CI) 410 445  38.3% -0.18 [-0.27,-0.09] -
Heterogeneity: x* = 3.19, d.f.=4 (P =0.53); /= 0%
Test for overall effect: Z = 3.80 (P = 0.0001)
2.1.4 Bevenopran
NCT01696643 -0.63 0.699 240 -045 0583 236 23.6% -0.18[-0.30,-0.06] —
Subtotal (95% CI) 240 236 23.6% -0.18 [-0.30, -0.06] i
Heterogeneity: Not applicable
Test for overall effect: Z = 3.05 (P = 0.002)
Total (95% CI) 1421 1463 100.0% -0.22 [-0.28,-0.17] <
Heterogeneity: 12 = 7-.13; df=7(P=042);/?=2% _0‘5 _0f25 0 0“25 0:5
Test for overall effect: Z=7.75 (P < 0.00001) Favors [PAMORA]  Favors [Placebo]

Test for subaroup differences: x2 = 3.94, d.f.=3 (P =0.27), /2 = 23.9%

Figure 3 Quality of life. Cl, confidence interval; PAMORA, peripherally acting p-opioid receptor antagonist. [Color figure can be viewed at

wileyonlinelibrary.com]

of PAMORA should lead to the development of managements and
improved regimens resulting in reduced gastrointestinal AEs.""

A recent review by Nee er al. reported a meta-analysis of 27
studies on OIC.** They also analyzed lubiprostone and naloxon,
which were not PAMORASs. Therefore, their study could not esti-
mate the true efficacy of PAMORA for OIC. Moreover, their
meta-analysis was conducted based on only published data, which
is not a desirable method. The strength of our research is that it fo-
cuses on PAMORA and includes unpublished data, such as those
on axelopran and bevenopran.

On the other hand, healthcare resource utilization in cancer pa-
tients on opioid therapy was quantified.®*> Patients with constipa-
tion had more hospital admissions and spent more days in the
inpatient setting than patients without constipation. This may result
in additional costs to the healthcare system as well as to the soci-
ety.***" These data indicated that effective treatment of OIC is nec-
essary and the importance of the results of this meta-analysis is
emphasized. Surveys on the cost-effectiveness of PAMORA are
limited. In the analysis for methylnaltrexone, including subcutane-
ous injection for patients with advanced illness with OIC, the total
costs were increased, but there was a gain in quality-adjusted life
years (QALY) compared with standard care.*® The incremental
cost per QALY was €40 865, and using methylnaltrexone was
cost-effective. On the other hand, naloxegol, which was half the
cost of methylnaltrexone in the UK, was estimated to have an

incremental cost-effectiveness ratio of £10 849 per QALY
gained versus placebo and £11 179 when rescue laxatives are used
in both arms.*

This trial had some limitations. First, publication bias seems to
show asymmetry in the funnel plot. As especially the naldemedine
study seemed to show publication bias, we contacted the pharma-
ceutical company (Shionogi & Co., Ltd.). They answered that
some studies were preparing for publication. When we confirmed
the registry (e.g. clinicaltrials.gov), we found some trials had not
been published despite sufficient time passing after the study.
The use of alvimopan has been evaluated in clinical trials involv-
ing patients who had OIC that also remained unpublished, and a
large study was performed to examine the long-term efficacy and
safety of alvimopan versus placebo in treating patients with
OBD.* A preliminary analysis of the safety data from this study
revealed serious AEs, the most worrisome of which was serious
cardiovascular toxicity. According to reports submitted to the
FDA, these cardiovascular events are seen in patients at high risk
for cardiovascular disease. However, these cardiovascular adverse
effects were not observed in subsequent studies of alvimopan.>'->?
William et al. reported in comprehensive analysis of four clinical
studies that nagoxegol did not increase the cardiovascular risk.>
In clinical trials of methylnaltrexone and naldemedine, the inci-
dence of cardiovascular events was reportedly equal to or less than
that of placebo.'®*
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PAMORA Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
3.1.1 Naldemedine
COMPOSE1 130 273 94 272 7.0% 1.38 [1.12, 1.69] ——
COMPOSE2 145 276 92 274 71% 1.56 [1.28, 1.91] =
COMPOSE4 69 97 33 9% 6.2% 2.07 [1.53, 2.80] E T
Katakami 2017 45 58 21 56 5.6% 2.07 [1.44, 2.98] — =
Webster 2017 42 59 24 61 5.7% 1.81[1.27, 2.57] —
Subtotal (95% CI) 763 759  31.7% 1.69 [1.44, 1.98] ‘
Total events 431 264

Heterogeneity: 72 =0.01; ¥*=7.08, df.=4 (P =0.13); /= 44%
Test for overall effect: Z = 6.35 (P < 0.00001)

3.1.2 Methylnaltrexone

Anissian 2012 7 18 1 15  0.6% 5.83[0.81, 42.25] >
Bull 2015 73 116 1M1 114 39% 6.52[3.66, 11.63] =
Michna 2011 88 150 70 162  6.9% 1.36 [1.09, 1.69] —

Rauck 2017 103 200 77 201 6.9% 1.34 [1.08, 1.68] e

Slatkin 2009 29 47 7 52 3.0% 4,58 [2.22, 9.46]

Tomas 2008 32 B2 6 71 26% 6.11[2.74, 13.63] —_—
Yuan 2000 1 11 0 11  03%  23.00([1.52, 347.76] —_—
Subtotal (95% CI) 604 626 24.2% 3.37 [1.83, 6.19] o
Total events 343 172

Heterogeneity: 72 = 0.46; 22 = 59.21, d.f.= 6 (P < 0.00001); / = 90%
Test for overall effect: Z = 3.91 (P < 0.0001)

3.1.3 Alvimopan

Irving 2011 100 160 92 164 7.2% 1.11 [0.93, 1.34] =

Jansen 2011 123 172 83 172 7.2% 1.48 [1.24, 1.78] .
Paulson 2005 30 56 16 54  46% 1.81[1.12, 2.92] —=
Webster 2008 50 130 18 129 4.6% 2.76 [1.70, 4.46]

Subtotal (95% CI) 518 519 23.7% 1.59 [1.15, 2.20] i
Total events 303 209

Heterogeneity: 72 = 0.08; 2 = 16.04, d.f.= 3 (P =0.001); /2= 81%
Test for overall effect: Z = 2.82 (P = 0.005)

3.1.4 Nagoxegol

KODIAC-04 95 214 63 214 6.6% 1.51[1.17, 1.95] _—
KODIAC-05 92 232 68 232 6.6% 1.35[1.05, 1.75] e
KODIAC-06 3 5 2 4 1.4% 1.20 [0.36, 4.04]

Subtotal (95% CI) 451 450 14.6% 1.42 [1.19, 1.70] <&
Total events 190 133

Heterogeneity: 72=0.00; x*=0.42, df=2 (P =0.81), = 0%
Test for overall effect: Z = 3.87 (P = 0.0001)

3.1.5 Axelopran

Vickey 2011 5 16 1 14  06% 4.38 [0.58, 33.10] >
Vickey 2012 30 49 20 52 52% 1.59 [1.06, 2.40] ——

Subtotal (95% CI) 65 66  5.8% 1.66 [1.11, 2.48] B

Total events 35 21

Heterogeneity: 72 =0.00; x2=0.97, df=1 (P =0.32); 2= 0%
Test for overall effect: Z = 2.46 (P = 0.01)

Total (95% CI) 2401 2420 100.0% 1.81 [1.55, 2.12] &

Total events 1302 799

Heterogeneity: 72 = 0.08; x> = 85.52, df.= 20 (P < 0.00001); /> = 77% 052 055 p é é
Test for overall effect: Z = 7.36 (P < 0.00001) -Favors [Plécebo] Favors [PAMORA]

Test for subaroup differences: ¥2=7.81, df=4 (P =0.10), /2= 48.8%

Figure 4 Proportion of responders. Cl, confidence interval; PAMORA, peripherally acting p-opioid receptor antagonist. [Color figure can be viewed at
wileyonlinelibrary.com]
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a PAMORA Placebo Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
4.1.1 Naldemedine
COMPOSE1 132 271 123 272 63%  1.08(0.80,1.29) —
COMPOSE2 136 27 132 274 67% 1.04 [0.88, 1.24) —
COMPOSES 300 621 301 619 155%  0.99(0.89,1.11] .
COMPOSE4 21 97 10 9 05%  2.08[1.03,4.18) —_—
Katakami 2017 277 8 2 56 11%  1.18[0.77,182) L E—
Webster 2016 8 9 9 18 03%  190(1.19,3.04] —+
Webster 2017 30 60 31 61 16%  0.98[0.69,1.40]
Subtotal (95% Cl) 1387 1396 32.4%  1.05([0.97,1.14] =
Total events 855 628
Heterogeneity: #*= 11.16,.= 6 (P = 0.08). /* = 46%
Test for overall effect: Z = 1.29 (P = 0.20)
4.1.2 Methylnaltrexone
Anissian 2012 6 18 4 15 02%  1.25[043,362
Bull 2015 95 116 84 114 43%  1.11[087,128] ]
Michna 2011 79 150 64 162 32%  133[1.04,170) —_—
Rauck 2017 84 200 89 201 48%  095(0.76,1.19] e
Slatkin 2009 34 47 25 52 12%  150[1.08,2.10] =
Tomas 2008 51 63 5T 71 27%  1.01[0.851.19] —_—Tt
Subtotal (35% CI) 594 615 16.2%  1.12[1.02,1.24] —~—
Total events 349 a2
Heterogeneity: 2* = B.70,d1.= 5 (P = 0.12); /* = 43%
Test for overall effect: Z = 2.37 (P = 0.02)
4.1.3 Alvimopan
Irving 2011 45%  1.02[0.84,125] —
Jansen 2011 50%  1.02[0.85,1.23] —_—
Paulson 2005 09%  1.45[0.81,230]
Webster 2008 44%  1.07[0.81,127] —t—
Subtotal (95% Cl 14.7%  1.06[0.96,1.18) g
Total events
Heterogeneity: = 2.02,
Test for overall effect:
4.1.4 Nagoxegol
KODIAC-04 131 214 100 213 54%  1.30[1.09,1.56]
KODIAG-05 160 232 136 231 0%  1.47(1.02,134]
KODIAC-06 3 5 3 4 02% 0.80[0.32, 1.99]
Webster 2013 05 mg 25 33 23 32 12%  1.05(0.79.141] =
Webster 2013 25 mg 2 19 27 10%  1.04[0.75,1.44] —
Webster 2013 50 mg 30 30 21 37 10% 174131231 —
Subtotal (95% Cl) 544 544 155%  1.23[1.12,1.35] g
Total events ar 302
Heterogeneity: 2% = 9.61,df.= 5 (P = 0.09), /" = 48%
Test for overall effect: Z = 4.34 (P < 0.0001)
4.1.5 Bevenopran
NCT01696643 411 703 378 700 194%  1.08[0.89,1.19] —
Singla 2012 21 45 15 43 08% ==
Subtotal (95% CI) 748 743 202% R
Total events 432 393
Heterogeneity: 2* = 0.63,d1=1(P=043)./7=0%
Test for overall effect: Z = 1.90 (P = 0.06)
4.1.6 Axelopran
Vickey 2012 2 53 24 54 12%  123[0.84,181]
Subtotal (95% CI) 53 54 12%  123[0.84,1.81) | ———
Total events 29 24
Heterogeneity: Not applicable
Test for overall effect: Z = 1.06 (P = 0.29)
Total (95% CI) 3844 3871 100.0%  1.10[1.06, 1.15] L 4
Total events 2142 1958
Toot o v ol 22472 (£ 000000) o7 ue 2 i
est ovel 1 Z=4.] <0
Test for subaroup differences: Chi? = 7.36. df = 5 (P = 0.19)./* = 32.1% Firvory [PAMOR - Favors [Flacetic)
b PAMORA Placebo Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 85% CI M-H, Fixed, 85% CI
5.1.1 Naldemedine
COMPOSE1 14 271 5 272 29%  281[1.03,769)
COMPOSE2 9 21 13 274 76%  0.70[0.30,1681] —ri—=
COMPOSE3 60 621 73 619 432%  0.82[0.59,1.13] -
COMPOSE4 0 56 0 58 Not estimable
Katakami 2017 0 60 0 60 Not estimable
Webster 2016 [ [ I Not estimable
Wabster 2017 13 97 0 95 03% 26.72[1.61,443.30] —— %
Subtotal (95% CI) 1385 1388 54.1%  1.05[0.80, 1.39] >
Total events 96 91
Heterogeneity: 2*= 11.99,df.= 3 (P = 0.007);/* = 75%
Test for overall effect: Z = 0.37 (P = 0.71)
5.1.2 Methylnaltrexone
Bull 2015 14 116 14 114 83% 0.98 [0.49, 1.97]
Michna 2011 5 150 2 162 11%  270[0.53,13.71]
Subtotal (95% CI) 266 276 9.5% 1.19 [0.63, 2.23]
Total events

19 16
Heterogeneity: x* = 1.27,df=1(P=0.26). /"= 21%

Test for overall effect: Z = 0.54 (P = 0.59)

5.1.3 Nagoxegol

KODIAC-04 7 214 1 213 65%
KODIAC-05 8 232 12 231 7%
KODIAG-06 0 L] L] 0

Webster 2013 05mg 1 33 0 32 03%
Webster 2013 25 mg 1 30 0 27 03%
Webster 2013 50 mg 1 35 1 37 0.6%
Subtotal (95% CI) 544 540 14.8%
Total events 18 24

Heterogeneity: »*=1.61,df=4(P=081),/"=0%
Test for overall effect: Z = 0.94 (P = 0.35)

5.1.4 Bevenopran

NCT01696643 2 45 0 43 03%
Singla 2012 40 703 3 700 213%
Subtotal (95% CI) 748 743 21.6%
Total events 42 36

Heterogeneity: x* = 0.90,d.f.=1(P=0.34),/2= 0%

Test for overall effect: Z = 0.67 (P = 0.51)

Total (95% CI) 2943 2947 100.0%
Total events 175 167

Heterogeneity: z* = 1717, d.L.= 12 (P = 0.14), /* = 30%

Test for overall effect:

=0.42 (P=10.68)

0.63[0.25, 1.60]
0.66 [0.28, 1.59]
Not estimable
2.91[0.12, 68.95]
271[0.12, 63.84]
1.06 [0.07, 16.26]
0.75 [0.42, 1.35]

4.78[0.24, 96.84]
111 [0.71,1.71]
1.16 [0.75, 1.78]

1.04 [0.85, 1.26]

Test for subaroup differences: 2* = 1.57, df =3 (P = 0.67). /= 0%

10

0.01

. 10 100
Favors [PAMORA]  Favors [Placebo]
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(a) All and (b) serious adverse events. Cl, confidence in-
terval; PAMORA, peripherally acting p-opioid receptor antagonist.
[Color figure can be viewed at wileyonlinelibrary.com]
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Secondly, using self-recorded diaries to determine subjective

outcomes, including straining, constipation, patient satisfaction,
and pain, may have caused some bias. However, such a diary is

an

unavoidable element in estimating the effectiveness of

PAMORA for OIC.

In conclusion, this meta-analysis has shown PAMORAS to be

effective in the change in baseline SBM, QOL, and responder rate.
We hope that this research contributed to the establishment of
standard protocols for OIC and improvement of recognition rate.
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