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Purpose: Opioid-induced constipation (OIC) is a common side effect of opioid therapy. Methylnaltrexone (MNTX) is a selective,
peripherally acting p-opioid receptor antagonist, with demonstrated efficacy in treating OIC. We pooled results from MNTX clinical
trials to compare responses to an initial dose in patients with chronic cancer and noncancer pain.

Patients and Methods: This post hoc analysis used pooled data from 3 randomized, placebo-controlled studies of MNTX in patients
with advanced illness with OIC. Assessments included the proportions of patients achieving rescue-free laxation (RFL) within 4 and
24 hours of the first study drug dose, time to RFL, current and worst pain intensity, and adverse events, stratified by the presence/
absence of cancer.

Results: A total of 355 patients with cancer (MNTX n = 198, placebo n = 157) and 163 without active cancer (MNTX n = 83; placebo
n = 80) were included. More patients treated with MNTX compared with those who received placebo achieved an RFL within 4
(cancer: MNTX, 61.1% vs placebo,15.3%, p<0.0001; noncancer: MNTX, 62.2% vs placebo, 17.5%, p<0.0001) and 24 hours (cancer:
MNTX, 71.2% vs placebo, 41.4%, p<0.0001; noncancer: MNTX, 74.4% vs placebo, 37.5%, p<0.0001) of the initial dose. Cumulative
RFL response rates within 4 hours of the first, second, or third dose of study drug were also higher in MNTX-treated patients. The
estimated time to RFL was shorter among those who received MNTX and similar in cancer and noncancer patients. Mean pain scores
declined similarly in all groups. The most common adverse events in both cancer and noncancer patients were abdominal pain,
flatulence, and nausea.

Conclusion: After the first dose, MNTX rapidly induced a laxation response in the majority of both cancer and noncancer patients
with advanced illness. Opioid-induced analgesia was not compromised, and adverse events were primarily gastrointestinal in nature.
Methylnaltrexone is a well-tolerated and effective treatment for OIC in both cancer and noncancer patients.
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Introduction
Opioid-induced constipation (OIC) is a common side effect of opioid therapy for cancer or noncancer pain, particularly in
patients with advanced illness. For many patients, OIC is one of the most common and bothersome side effects arising
from opioid treatment."* Although many side effects of opioid therapy improve or disappear with long-term use, OIC
typically persists throughout opioid treatment, despite laxative use.>® Traditional laxatives and/or stool softeners provide
limited effectiveness for OIC, because they do not counteract the underlying mechanism of OIC, the attachment of
therapeutic opioids to peripheral p-opioid receptors in the gastrointestinal (GI) tract.>” Consequently, patients may
discontinue opioids or reduce dosing, compromising the effectiveness of pain management.'*

There are several potential impacts of opioids in patients with advanced illness and chronic pain. Adverse events such
as OIC occur when therapeutic opioid agonists bind to peripheral p-opioid receptors in the GI tract, which leads to
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reduced GI motility, inhibited peristalsis, and prolonged transit time.®* However, constipation in patients with cancer or
noncancer pain may have root causes other than opioid use alone (eg, physiologic dysfunction, concomitant medications,
dehydration, immobility, diet, or metabolic causes, among several other factors”). In addition, activation of the p-opioid
receptor may promote cancer progression, opioid use is associated with shorter overall survival in cancer patients,'® '
and constipation itself has been identified as an adverse factor for survival in cancer patients.'*'* These additional lines
of evidence suggest that responses to pi-receptor antagonists, such as methylnaltrexone, may differ based on cancer status
and support the importance of determining if OIC treatments that target the p-opioid receptor are equally effective in
patients with or without cancer.

Methylnaltrexone (MNTX; Relist0r®, Salix Pharmaceuticals, a division of Bausch Health US, LLC, Bridgewater, NJ,
USA), a selective, peripherally acting p-opioid receptor antagonist (PAMORA) restricted from crossing the blood—brain
barrier (BBB), decreases OIC without attenuating opioid analgesia.'> '® MNTX tablets and subcutaneous (SC) injections
are approved for the treatment of OIC in adults with chronic noncancer pain, including patients with chronic pain related
to prior cancer or its treatment who do not require frequent (eg, weekly) opioid dosage escalation.'® In addition, MNTX
injection is the only PAMORA'® indicated for the treatment of OIC in adults with advanced illness or pain caused by
active cancer who require opioid dosage escalation for palliative care.'”

We present a post hoc analysis of pooled results from 3 randomized, placebo-controlled trials of MNTX treatment for
patients with advanced illness and OIC. The primary objective of the analysis was to investigate potential differences in
MNTX efficacy following initial dosing in patients with or without active cancer who were receiving opioid therapy for
pain, most of whom had not responded adequately to conventional laxatives. This analysis also aimed to assess the safety

of MNTX as measured by adverse events, changes in pain scores, and opioid withdrawal symptoms.

Methods

Study Design

This was a post hoc analysis of pooled data from 3 multicenter, double-blind, randomized, placebo-controlled clinical
trials conducted in adult patients with advanced illness and OIC. Detailed descriptions of the methods used in studies 301
(ClinicalTrials.gov identifier NCT00401362), 302 (NCT00402038), and 4000 (NCT00672477) have been published
previously.'®!”?° In all 3 studies, patients who completed the double-blind phase were eligible to enroll in an open-
label extension phase in which all patients received MNTX. All studies included in this pooled analysis were conducted
in accordance with the ethical principles outlined in the Declaration of Helsinki and principles of Good Clinical Practice.
All patients provided written informed consent.

Study Population

Eligible patients included men and women aged >18 years with a diagnosis of advanced illness (ie, terminal diseases
such as incurable cancer and end-stage organ/system disorders) with a life expectancy of >1 month (studies 302 and
4000) or 1 to 6 months (study 301). Patients were receiving opioids routinely for discomfort or pain management for >3
days (study 301) or >2 weeks (studies 302 and 4000), excluding as needed or rescue doses, and taking a stable opioid
regimen for >3 days before receiving the first dose of study medication. A stable regimen was defined as one with no
reduction of opioid dose >50% within 3 days prior to study drug initiation. Enrolled patients had OIC, defined as <3
bowel movements (BM) during the previous week,?' and no clinically significant laxation during the 24 hours preceding
the first dose of study drug (studies 302 and 4000) or as no clinically significant laxation during the 48 hours preceding
the first dose of study drug (study 301). For patients taking laxatives (eg, stool softener and senna or equivalent), the
regimen was stable for >3 days prior to study drug initiation.

Potential patients were excluded if they had a history of MNTX treatment (for study 4000 only, patients were
excluded if they had MNTX treatment at any time during the 7 days before the first dose of the study drug), any disease
process suggesting the presence of a GI obstruction, evidence of fecal impaction, a history of fecal ostomy, or any
potential nonopioid cause of bowel dysfunction, which in the opinion of the investigator, might have been primarily
responsible for constipation.
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Treatments

In study 301, patients were randomized in a 1:1:1 ratio to receive a single SC injection of MNTX 0.15 mg/kg, MNTX
0.30 mg/kg, or placebo. In study 302, patients were randomized to receive SC injections of MNTX 0.15 mg/kg or
placebo every other day for 2 weeks; dose escalation to 0.30 mg/kg was allowed after study day 9 for patients who had
<3 BM not associated with rescue medication or intervention. In study 4000, MNTX dosage was determined by
weight. Patients were randomized to receive SC injections of 8 mg (subjects weighing >38 to <62 kg; ~0.13 to
0.21 mg/kg) or 12 mg (subjects weighing >62 kg; <0.19 mg/kg) MNTX or matching placebo every other day for
a maximum of 7 doses.

Study Assessments

Efficacy assessments included the percentage of patients who achieved a rescue-free laxation (RFL, defined as laxation
without use of other laxative, enema, or suppository) within 4 and 24 hours of the first dose (studies 301, 302, and 4000),
the cumulative percentages of patients who achieved RFL within 4 hours of the first, second, and third doses (studies 302
and 4000), and time to RFL. Cumulative RFL rates were reported among pooled patients from studies 302 and 4000 only
because patients in study 301 only received one dose of double-blind study treatment.

Changes from baseline in pain scores (including both current pain and worst pain) were assessed using an 11-point
rating scale of 0 (no pain) to 10 (worst pain imaginable) to evaluate possible effects of treatment on opioid analgesia.
Pain scores were assessed 4 hours after initial study drug administration.

Safety assessments included tabulation of treatment-emergent adverse events (TEAEs).

Statistical Analysis

Efficacy analyses were performed on the intent-to-treat (ITT) population, defined as all subjects who received at least 1
dose of study medication. For comparison purposes in the current post hoc analysis, pooled patient and outcome data
from the 3 studies were stratified by patient cancer status (active cancer or noncancer). Safety analyses were performed
on the pooled safety outcome data from the 3 studies involving the safety population, defined as all patients who received
at least 1 dose of study medication. As with efficacy analyses, safety outcome data were stratified by patient cancer
status.

Pooled patient demographics and baseline characteristics were analyzed by patient cancer status (cancer vs non-
cancer) and treatment group, and reported using summary statistics (N, mean, median, SD, minimum and maximum
values). Response rates for patients achieving RFL within 4 and 24 hours and cumulative response rates 4 hours after the
first, second, and third doses were compared by treatment group in cancer and noncancer patients using chi-square tests,
and p-values were generated. Time to RFL was analyzed and plotted using Kaplan-Meier methods. Change from
baseline in pain scores 4 hours after the first study medication dose was calculated; the MNTX group was compared
with the placebo group using unpaired t-tests. Summary statistics were used to describe TEAEs by treatment group and
disease state. The nominal level of significance was set at p<0.05, with no adjustments for multiplicity. All analyses were
conducted using SAS® Version 9.4.

Results

Study Population

The pooled ITT population from the 3 studies included 518 randomized patients, 355 with cancer (MNTX n = 198,
placebo n = 157) and 163 without active cancer (MNTX n = 83; placebo n = 80). A summary of patient demographics
and baseline characteristics, stratified by the presence/absence of cancer and by treatment group, is shown in Table 1.
Although the cancer and noncancer groups were similar with respect to current and worst pain scores and use of
laxatives, the median morphine equivalent opioid dose at baseline was substantially lower for patients without cancer
versus patients with cancer both for those who received MNTX (noncancer: 120 mg/d; cancer: 190 mg/d; p=0.3041) and
those who received placebo (noncancer: 80 mg/d; cancer: 200 mg/d; p=0.0067).
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Table | Study Population Demographics and Baseline Characteristics, Stratified by Presence or Absence of Cancer (ITT Population)

Characteristic Cancer Patients Noncancer Patients
PBO (n = 157) MNTX (n = 198) PBO (n = 80) MNTX (n = 83?)

Age, years

Mean (range) 63.9 (21.0-100.0) 63.6 (26.0-91.0) 69.6 (40.0-98.0) 72.6 (34.0-101.0)
Gender, n (%)

Men 8l (51.6) 108 (54.5) 36 (45.0) 35 (42.2)

Women 76 (48.4) 90 (45.5) 44 (55.0) 48 (57.8)
Race or ethnic group, n (%)

White 139 (88.5) 173 (87.4) 77 (96.3) 80 (96.4)

Black or African American 9 (5.7) 13 (6.6) 2 (2.5) 2 (24)

Hispanic or Latino 53.2) 7 (3.5) 0 0

Asian | (0.6) 2 (1.0 0 0

American or Alaskan Native 0 0 I (1.3) 1 (1.2)

Other 3(1.9) 3 (1.5) 0 0
Weight, kg

Mean (range) 70.1 (29.0-138.0) 70.0 (30.9-135.8) | 74.1 (33.5-225.9)° | 69.4 (36.4-158.8)
Daily dose opioid morphine equivalents, mg/d

Median (range) 200 (0.0-10,160.0) | 190 (0.0-122,560.0) 80 (0.0-633.2) 120 (0.0-4427.0)°

p-value? vs noncancer 0.0067 0.3041 - -
Number of laxatives concurrently being used, mean (SD) 2.3 (1.2) 2.0 (1.1) 2.2 (1.0) 2.5 (1.5)°
Current pain score, mean (SD) 34 (2.5)° 3.4 (2.6) 39 3.2)° 42 (2.8)°
Worst pain score, mean (SD) 53 (2.8)° 5.3 2.8) 5.3 (3.0)° 5.7 2.7y

Notes: *One female noncancer patient from study 302 was excluded from the ITT efficacy analysis because she erroneously received MNTX before being randomized to the
MNTX group. b =79.n = 82. dp values based on t-tests to compare cancer patients versus noncancer patients. °n = |51. fn=196.5n=77. The ITT population includes all
randomized patients who received 2| dose of study drug.

Abbreviations: ITT, intent to treat; MNTX, methylnaltrexone; PBO, placebo; SD, standard deviation.

Rescue-Free Laxation at 4 and 24 Hours

As shown in Figure 1, significantly greater proportions of cancer and noncancer patients treated with MNTX had RFL within 4
and 24 hours compared with placebo after the initial drug dose (p<0.0001 for all MNTX-to-placebo comparisons). Overall, RFL
was achieved in 61.1% and 62.2% of cancer and noncancer patients, respectively, within 4 hours after the first dose of MNTX
compared with 15.3% and 17.5% of cancer and noncancer patients, respectively, who received placebo. This effect was
sustained at 24 hours after the first dose with 71.2% and 74.4% of cancer and noncancer patients, respectively, who received
MNTX reporting RFL compared with 41.4% and 37.5% of cancer and noncancer patients, respectively, who received placebo.

Cumulative Rescue-Free Laxation Response Rate

When cumulative response rates were considered, significantly greater proportions of MNTX-treated patients achieved
RFL within 4 hours after the first dose (Figure 2A), after the first or second doses (Figure 2B), and within 4 hours after
the first, second, or third doses (Figure 2C) compared with patients who received placebo.

Time to First Rescue-Free Laxation

The temporal patterns of estimated time to RFL response were similar between cancer and noncancer patients treated
with MNTX, as most patients had responded by the 2-hour time point (Figure 3). The estimated time to RFL was much
longer in both cancer and noncancer patients who received placebo.

Change from Baseline in Pain Scores

There were no significant differences between treatment groups in change from baseline in mean current and worst pain
scores at the initial pain assessment 4 hours after the first study medication dose (Figure 4). Mean pain scores decreased
slightly in all patient groups regardless of cancer status or treatment.
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Figures | Proportion of patients (ITT population) with rescue-free laxation within 4 hours (A) and 24 hours (B) after initial dose of MNTX or PBO.
Notes: *p<0.0001 vs placebo. Patients with cancer, n = 157 for placebo; n = 198 for MNTX. Patients without cancer, n = 80 for placebo; n = 82 for MNTX.
Abbreviations: ITT, intent to treat; MNTX, methylnaltrexone; PBO, placebo.

Safety

Among cancer patients in the safety population pooled from the 3 studies who received MNTX or placebo, TEAEs
reported by more than 10% of patients were primarily GI in nature, including abdominal pain, flatulence, and nausea
(Table 2). A similar pattern of TEAEs was observed among noncancer patients in the safety population. Abdominal pain,
a common symptom associated with laxation, was the most frequently reported TEAE in the MNTX group and was more
frequently reported in patients who received MNTX (36.4% and 25.3% in the cancer and noncancer cohorts, respec-
tively) compared with the placebo group (14.0% and 16.3% in the noncancer cohorts, respectively).
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Figure 2 Cumulative proportion of patients (ITT population; studies 302 and 4000) with rescue-free laxation within 4 hours of the first (A), cumulative second (B), or

cumulative third (C) dose of MNTX or PBO.

Notes: *p<0.0001 vs placebo. Patients with cancer; n = |14 for placebo; n = 116 for MNTX. Patients without cancer, n = 71 for placebo; n = 62 for MNTX.
Abbreviations: ITT, intent to treat; MNTX, methylnaltrexone; PBO, placebo.
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Figure 3 Kaplan—Meier analysis of time to rescue-free laxation among cancer and noncancer patients within 24 hours of initial dose of study drug.
Abbreviations: MNTX, methylnaltrexone; PBO, placebo.

Discussion

In this analysis of pooled results from 3 randomized, placebo-controlled clinical trials, MNTX produced RFL in more
than 60% of patients with advanced illness with OIC within 4 hours of a single SC administration while less than 20% of
patients who received placebo achieved RFL in the same timeframe. The difference in first-dose effects between
treatment groups was sustained at 24 hours with >70% of patients who received MNTX reporting RFL compared with
approximately 40% of patients who received placebo. These differences were also maintained over the first few doses,
with significantly greater cumulative proportions of MNTX-treated patients achieving RFL within 24 hours of the
first, second, and third doses compared with patients who received placebo. Response rates were similar between cancer
and noncancer patients, despite substantially greater mean daily opioid use among cancer patients. It is still unclear how
variables such as opioid dose, cancer status, or presence of advanced illness affect response to MNTX, and further
analyses evaluating this are ongoing. Mean pain scores did not show any clinically relevant changes and were similar
between treatment groups, indicating that central opioid analgesia was not compromised with MNTX treatment. This
effect did not differ between cancer and noncancer patients.

Time-to-event analyses showed that the estimated temporal pattern of RFL response following single-dose adminis-
tration of MNTX was nearly identical in cancer and noncancer patients with most responding patients experiencing an
RFL within 2 hours, regardless of the presence or absence of cancer. This finding complements previous analyses®* of
MNTX in the treatment of OIC and highlights the speed of response in a severely ill patient population.

Analyses investigating the time to onset of OIC relief after treatment with the PAMORA naldemedine (Symproic,
Shionogi, Inc., Florham Park, NJ, USA) have also been conducted in patients with and without cancer in the Phase 3
COMPOSE-1, -2, and —4 trials.***** Treatment with naldemedine resulted in significantly shorter times to first spontaneous
bowel movement (SBM) versus placebo in all 3 trials; the median times to first SBM were 16.1 hours and 18.3 hours in
COMPOSE-1 and COMPOSE-2, respectively, and 4.7 hours in COMPOSE-4.** Naloxegol (Movantik, RedHill
Biopharma Inc., Raleigh, NC, USA) is another orally administered PAMORA approved for the treatment of OIC in adult
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Figure 4 Change from baseline in mean pain scores 4 hours after initial dosing with MNTX or PBO (ITT population): (A) current pain® (B) worst pain.b Error bars indicate
SD.

Notes: *Patients with cancer, n = 138 for placebo; n = 189 for MNTX. Patients without cancer, n = 76 for placebo; n = 74 for MNTX. bPatients with cancer, n = |37 for
placebo; n = 186 for MNTX. Patients without cancer, n = 76 for placebo; n = 72 for MNTX.

Abbreviations: ITT, intent to treat; MNTX, methylnaltrexone; PBO, placebo; SD, standard deviation.

patients with chronic noncancer pain.*> Time to first postdose SBM in patients with noncancer pain and OIC was assessed in
2 placebo-controlled, double-blind, 12-week studies, KODIAC-4 and KODIAC-5. In KODIAC-4, the median time to first
postdose SBM was 5.9 and 20.4 hours with naloxegol 25 mg and 12.5 mg, respectively; in KODIAC-5, the median time to
first SBM was 12.0 and 19.3 hours with naloxegol 25 mg and 12.5 mg, respectively.?® In contrast, the estimated time to RFL
in the current analysis of MNTX in patients with and without cancer was <2 hours. The SC administration of MNTX in the
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Table 2 Proportion of Patients Reporting a TEAE Occurring in >10% in Any of the Study Groups (Safety
Population®)

Cancer Patients Noncancer Patients
PBO (n =157) | MNTX (n = 198) | PBO (n =80) | MNTX (n = 83)
Patients with at least | TEAE, n (%) 110 (70.1) 158 (79.8) 53 (66.3) 59 (71.1)
Abdominal pain, n (%) 22 (14.0) 72 (36.4) 13 (16.3) 21 (25.3)
Nausea, n (%) 16 (10.2) 24 (12.1) 8 (10.0) 5 (6.0)
Disease progression, n (%) 16 (10.2) 10 (5.1) 1 (1.3) 0 (0)
Flatulence, n (%) 8 (5.1) 21 (10.6) 4 (5.0 9 (10.8)

Notes: “The safety population included all randomized patients who received 21 dose of study drug. For study 301, only events occurring
during the double-blind portion of the study (day 1) are included; all patients subsequently received MNTX in the open-label phase of the
study and any events occurring during that phase of the study were not included.

Abbreviations: MNTX, methylnaltrexone; PBO, placebo; TEAE, treatment-emergent adverse event.

current analysis likely explains the faster response observed with MNTX.?’ SC formulations may be particularly useful in
patients with advanced disease, who may not be able to take orally administered medicines and who require management of
complex symptoms with frequent administration of medications.*® As such, the rapid response we observed with MNTX
would seem very useful clinically.”” There do not appear to be additional safety risks associated with SC administration
either; the most common TEAEs in this study were abdominal pain, nausea, and flatulence, consistent with studies on
naldemedine and naloxegol.>* It is also worth noting that the baseline mean daily dose of oral opioid morphine
equivalents in naldemedine-treated cancer patients in COMPOSE-4 was substantially lower than the baseline median
daily dose of opioid morphine equivalents received by MNTX-treated cancer patients in the current study (57.3 mg vs
190 mg);** mean baseline daily doses of opioid morphine equivalents in noncancer patients receiving active treatment in
COMPOSE-1 and COMPOSE-2 were comparable to median baseline doses in the current study (125.2 mg, 118.0 mg, and
120 mg, respectively).”” Additionally, patients in the current analysis had advanced illness, whereas patients in the
COMPOSE and KODIAC trials did not.***%*° While differences in study designs, patient characteristics, and assessment
methods need to be taken into account when comparing the results of these trials, the data suggest that treatment with SC
MNTX may result in a shorter time to relief of OIC in both patients with and without cancer.

There was no evidence that the efficacy of opioid analgesia was compromised by MNTX treatment as mean pain
scores declined slightly among all cohorts, including MNTX-treated cancer and noncancer patients. The absence of any
negative effects of MNTX treatment on opioid analgesia in cancer patients is particularly important. Opioid and opioid
antagonist effects on the central nervous system (CNS) may be dependent upon an intact BBB, which is responsible for
reducing brain permeability and solidifying connections between vascular endothelial cells.*'* Because of its large
structure and low lipid solubility, MNTX is restricted from crossing the BBB and is unable to interfere with opioid-
mediated CNS analgesic effects in patients with intact BBBs. As opioid medications have been a cornerstone of cancer
pain treatment for several decades®* and one of the most common side effects of opioid treatment is constipation,” it is
reassuring that this analysis provides no evidence that MNTX penetrates the BBB in such patients. Additional analyses of
MNTX in cancer patients with brain metastases showed no differences from placebo in posttreatment changes in pain
score or adverse events after the first does of MNTX, further supporting the safety and efficacy of MNTX in cancer
patients with OIC.*®

Considering this is a post hoc analysis of previously published studies, there are several limitations that deserve discussion.
The data for this analysis were pooled from 3 distinct, although similarly designed studies. Subtle differences in dosing regimen,
patient populations, and study durations, for example, may confound the results of the pooled data. It should also be noted that this
population included patients with advanced illnesses who may have had comorbidities and several concomitant medications that
may have contributed to the complexity of their diseases and safety outcomes. Although the majority of the TEAESs reported were
Gl-related, it is unclear if they are directly related to MNTX. In particular, one study of MNTX showed that abdominal pain is
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commonly reported among patients with OIC who are RFL responders, indicating that abdominal pain may be a consequence of
efficacy (ie, laxation) rather than a side effect.®’

Conclusions

When administered to severely ill OIC patients receiving chronic opioid therapy with an inadequate response to conventional
laxatives, a single dose of MNTX produced RFL responses in significantly greater proportions of cancer and noncancer patients
than placebo. Additionally, treatment with MNTX produced RFL response in more than 60% of patients within 4 hours and more
than 70% within 24 hours. Response rates and the timing of laxation responses were similar in patients with and without cancer,
and there was no evidence, based on predose and postdose pain evaluations, that MNTX treatment interfered with the efficacy of
opioid analgesia. These results demonstrate that MNTX provides effective, safe, and rapid relief of OIC symptoms without
compromising opioid analgesia in both cancer and noncancer patients.
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