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A B S T R A C T   

Background: Cancer-related pain often requires opioid treatment with opioid-induced constipation (OIC) as its 
most frequent gastrointestinal side-effect. Both for prevention and treatment of OIC osmotic (e.g. polyethylene 
glycol) and stimulant (e.g. bisacodyl) laxatives are widely used. Newer drugs such as the peripherally acting 
µ-opioid receptor antagonists (PAMORAs) and naloxone in a fixed combination with oxycodone have become 
available for the management of OIC. 
This systematic review and meta-analysis aims to give an overview of the scientific evidence on pharmacological 
strategies for the prevention and treatment of OIC in cancer patients. 
Methods: A systematic search in PubMed, Embase, Web of Science and the Cochrane Library was completed from 
inception up to 22 October 2022. Randomized and non-randomized studies were systematically selected. Bowel 
function and adverse drug events were assessed. 
Results: Twenty trials (prevention: five RCTs and three cohort studies; treatment: ten RCTs and two comparative 
cohort studies) were included in the review. 
Regarding the prevention of OIC, three RCTs compared laxatives with other laxatives, finding no clear differ
ences in effectivity of the laxatives used. One cohort study showed a significant benefit of magnesium oxide 
compared with no laxative. One RCT found a significant benefit for the PAMORA naldemedine compared with 
magnesium oxide. Preventive use of oxycodone/naloxone did not show a significant difference in two out of 
three other studies compared to oxycodone or fentanyl. A meta-analysis was not possible. 
Regarding the treatment of OIC, two RCTs compared laxatives, of which one RCT found that polyethylene glycol 
was significantly more effective than sennosides. Seven studies compared an opioid antagonist (naloxone, 
methylnaltrexone or naldemedine) with placebo and three studies compared different dosages of opioid an
tagonists. These studies with opioid antagonists were used for the meta-analysis. 
Oxycodone/naloxone showed a significant improvement in Bowel Function Index compared to oxycodone with 
laxatives (MD − 13.68; 95 % CI − 18.38 to − 8.98; I2 = 58 %). Adverse drug event rates were similar amongst both 
groups, except for nausea in favour of oxycodone/naloxone (RR 0.51; 95 % CI 0.31–0.83; I2 = 0 %). Naldemedine 
(NAL) and methylnaltrexone (MNTX) demonstrated significantly higher response rates compared to placebo 
(NAL: RR 2.07, 95 % CI 1.64–2.61, I2 

= 0 %; MNTX: RR 3.83, 95 % CI 2.81–5.22, I2 
= 0 %). With regard to 

adverse events, abdominal pain was more present in treatment with methylnaltrexone and diarrhea was 
significantly more present in treatment with naldemedine. Different dosages of methylnaltrexone were not 
significantly different with regard to both efficacy and adverse drug event rates. 
Conclusions: Magnesium oxide and naldemedine are most likely effective for prevention of OIC in cancer patients. 
Naloxone in a fixed combination with oxycodone, naldemedine and methylnaltrexone effectively treat OIC in 
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cancer patients with acceptable adverse events. However, their effect has not been compared to standard (os
motic and stimulant) laxatives. More studies comparing standard laxatives with each other and with opioid 
antagonists are necessary before recommendations for clinical practice can be made.   

Introduction 

Cancer-related pain is common, with an overall prevalence of 44.5 % 
and is experienced by 30.6 % of the patients as moderate to severe [1]. It 
diminishes quality of life by causing distress and affecting quality of 
sleep and physical, psychological, social and spiritual functioning [2,3]. 
Treatment of cancer-related pain can be challenging. It often consists of 
opioid-based pharmacotherapy [4–6]. Opioids have several gastroin
testinal adverse effects, of which opioid-induced constipation (OIC) is 
the most common side effect with a reported prevalence ranging be
tween 22 % and 81 % [7]. 

OIC significantly impairs the quality of life due to physical, psy
chological and social problems [8–12]. Additionally, the constipation 
may be so severe that patients prefer to reduce or discontinue opioids in 
order to improve their bowel function [13,14]. This can result in 
worsening of pain and even more reduction of quality of life [15]. Thus, 
OIC is a side effect with several important implications. 

OIC can be diagnosed using the Rome IV criteria (Supplementary 
Table 1). Several assessment tools have been developed to evaluate OIC, 
of which the Bowel Function Index (BFI) is the commonly used tool in 
clinical trials. The BFI is a validated, clinician-administered, patient- 
reported questionnaire that has been recommended as the assessment 
tool of choice for OIC [16–20]. It contains three questions assessing ease 
of defecation, feeling of incomplete bowel evacuation and the patient’s 
judgment of constipation over the last seven days. Each question has a 
score range from 0 (best possible outcome) to 100 (worst possible 
outcome), with a mean total score of ≥ 30 indicating clinically signifi
cant constipation. Another tool is the Patient Assessment of Constipation 
Symptoms (PAC-SYM) questionnaire. This questionnaire contains 
twelve items measuring stool symptoms, rectal symptoms and abdom
inal symptoms. It has been validated for the assessment of OIC in pa
tients with lower back pain [21]. The PAC-SYM is more time-consuming 
than the BFI and correlates moderately with it, making the BFI more 
practical for assessing OIC [17,19]. 

Management of OIC in cancer patients can be more challenging than 
in non-cancer patients, due to additional factors contributing to con
stipation. Firstly, cancer patients are mostly elderly, who already have 
decreased colonic motility caused by aging [22]. Secondly, they may 
show decreased mobility, inadequate oral intake of fluids and dietary 
fibers, tumor growth in the gastrointestinal tract and/or peritoneum and 
neuropathy of the autonomic nervous system, and may use other 
constipation-inducing drugs (e.g. anticholinergics and antiemetics) 
[23–25]. Hence, the prevalence of OIC is higher in cancer patients than 
in non-cancer patients and OIC may be less responsive to opioid an
tagonists in cancer patients [16]. 

Non-pharmacological management alone, e.g. increasing fluid and 
fiber intake and mobility, is often insufficient for the management of OIC 
[26]. Moreover, these lifestyle interventions may not be feasible for 
patients with advanced illness, due to cancer-related symptoms. 
Therefore, pharmacological treatment of OIC is often needed in cancer 
patients. 

For pharmacological treatment different types of laxatives are 
available. Both for prevention and treatment of OIC standard laxatives 
such as osmotic laxatives (e.g. polyethylene glycol (PEG), magnesium 
(hydr)oxide) and stimulant laxatives (e.g. sodium picosulphate, senno
sides) are recommended as first-line agents since they are safe, inex
pensive and widely accessible [26–28]. Osmotic laxatives act by 
drawing water into the intestinal tract, hereby softening the stool. 
Stimulant laxatives irritate the sensory nerve endings of the myenteric 
plexus, which increases peristaltic contractions and reduces the 

absorption of water from the gut [26,29]. In chronic constipation psyl
lium (a bulk-forming agent), lactulose, polyethylene glycol (osmotic 
laxatives), bisacodyl and sodium picosulfate (stimulant laxatives) have 
been shown to be effective in placebo-controlled randomized clinical 
trials [29,30]. 

A relatively new class of drugs are the peripherally acting µ-opioid 
receptor antagonists (PAMORAs). These drugs (e.g. methylnaltrexone, 
naldemedine) are the best mechanism based treatment of OIC, but 
currently are only registered for second line treatment [27]. PAMORAs 
block the µ-opioid receptor peripherally in the gastrointestinal tract, do 
not cross the blood–brain barrier and therefore do not counteract the 
analgesic effect of opioids [31]. This is in contrast to naloxone, a cen
trally acting opioid antagonist which counteracts opioids if given 
parenterally. A fixed combination of naloxone and prolonged-release 
oxycodone has been developed for oral administration. Orally admin
istered naloxone and naloxegol (a polyethylene glycol derivative of 
naloxol, derived from naloxone [32]) act mainly directly on the opioid 
receptors in the gut and do not counter the effect of opioids, because 
they undergo a substantial hepatic first-pass effect, resulting in a sys
temic bioavailability of less than three percent [27,33,34]. 

Until now, most systematic reviews focused mainly on the treatment 
of OIC in non-cancer patients [35,36]. Therefore, this systematic review 
and meta-analysis investigates the evidence of pharmacological strate
gies on the prevention and treatment of OIC in cancer patients. 

Methods 

This systematic review was performed according to the Cochrane 
Handbook for Systematic Reviews of Interventions [37] and reported 
according to the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines [38]. The study protocol was 
registered in the PROSPERO database (registration number 
CRD42022362096). 

Literature search 

A systematic search was performed in the following databases: 
PubMed, Embase, Clarivate Analytics/Web of Science Core Collection 
and the Wiley/Cochrane Library. The timeframe within the databases 
was from inception to 12 October 2022 and the search was conducted by 
a medical information specialist (GLB). The search included keywords 
and free text terms for (synonyms of) ’opioids’ combined with (syno
nyms of) ’constipation’ combined with (synonyms of) ‘cancer’. A full 
overview of the search terms per database can be found in the Appendix 
A (see Supplementary Table 2.1 to 2.4). Duplicate articles were excluded 
and the remaining articles were screened for eligibility. Articles that 
were not available in digital form were retrieved from national univer
sity libraries or from the original author. 

Selection process 

Studies eligible for inclusion were randomized controlled trials or 
non-randomized comparative cohort studies investigating any pharma
cological intervention for prevention or treatment of OIC in adult cancer 
patients. 

We excluded studies that examined non-cancer patients, pediatric 
patients, healthy volunteers, non-pharmacological interventions or 
constipation not caused by opioids. Animal studies, in vitro studies, 
articles written in languages other than English or Dutch, qualitative 
studies, non-original studies (i.e. reviews, conference abstracts, 
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editorials), case reports and study protocols were also excluded. Reasons 
for exclusion were documented (Fig. 1). 

It was anticipated that some studies might have examined a mixed 
group of cancer and non-cancer patients. In order to get meaningful 
results, studies that consisted of a majority (≥50 %) of cancer patients or 
reported a subgroup analysis for cancer patients were included. 

Two reviewers (FS and KK) independently screened all titles, ab
stracts and full-texts based on the eligibility criteria. Discrepancies were 
resolved by a third reviewer (DB). Reference lists of included articles 
were also screened for relevant studies. 

Data extraction 

One reviewer (KK) performed the data extraction using a data- 
extraction form and was checked by a second reviewer (DB). Any er
rors were resolved with the consensus of the two reviewers after 
checking with the original source. The data extraction form included 

information on publication year, journal, study design, study duration, 
funding, inclusion/exclusion criteria, trial medication, dose, route of 
administration of laxatives and PAMORA, sociodemographic and clin
ical data and outcomes (bowel function and most common adverse 
events (overall, abdominal pain, diarrhea and vomiting)). Data were 
extracted from the original article or from graphs using a graph digitizer. 

Risk of bias assessment 

The risk of bias of the included studies was assessed independently 
by two reviewers (KK and FS or DB). We used the assessment the 
Cochrane Collaboration’s risk of bias tool for randomized clinical trials 
[37] for RCTs and the Risk Of Bias In Non-randomized Studies- of In
terventions (ROBINS-I) tool for cohort studies [39]. Disagreements were 
resolved by discussion. 

The certainty of the evidence was evaluated using the Grading of 
Recommendations Assessment, Development and Evaluation (GRADE) 

Fig. 1. PRISMA flow diagram of included studies.  
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approach [40]. This tool assesses five domains: methodological limita
tion (risk of bias), imprecision, inconsistency (heterogeneity), indirect
ness and publication bias. Each outcome is graded as high, moderate, 
low or very low certainty of evidence. 

Statistical analysis 

When possible, outcome data were analyzed quantitatively by 
calculating a pooled effect of different studies. In case it was not possible 
to pool quantitative data for meta-analysis, outcomes were presented 
narratively. For the meta-analysis, the Mantel-Haenszel random-effects 
model was used to estimate the overall effect size and 95 % confidence 
intervals (95 % CIs). 

Dichotomous variables were analyzed dividing the number of events 
in the treatment arm by the number of events in the comparator arm. 
The pooled analysis was presented as a risk ratio (RR). 

Continuous variables were analyzed using the mean and 95 % CI. The 
pooled analysis was presented as the mean difference with 95 % CI. 

We conducted subgroup analyses for treatment with naldemedine 
and treatment with methylnaltrexone. For methylnaltrexone, we per
formed an additional analysis evaluating low dosage versus high dosage 
of methylnaltrexone. 

Heterogeneity between studies was determined by using the Chi2- 
and I2-statistic. The Chi2-test computed a p-value, with a p value of <
0.10 suggesting heterogeneity. The degree of heterogeneity was repre
sented by the I2 statistic where values 30–60 %, 50–90 % and 75 %–100 
% suggested moderate, substantial and high heterogeneity, respectively 
[37]. Heterogeneity was reported in the forest plots. 

All analyses were performed with Review Manager®, version 5.3.5. 

Results 

Study selection 

The literature search identified 10.294 articles. The flowchart of the 
search, selection and review process is presented in Fig. 1. In total, 20 
studies were included in the review [41–60] of which 10 were eligible 
for the meta-analysis [42–44,48–51,53,56,58]. The characteristics and 
main outcomes of the included studies are summarized in Table 1. Eight 
trials (five RCTs and three cohort studies) investigated prevention of OIC 
and twelve studies (ten RCTs and two cohort studies) investigated 
treatment of OIC. A total of 3095 participants was included, with 1473 
participants in the meta-analyses. The most common reported bowel 
function outcomes were change in (complete) spontaneous bowel 
movements per week, spontaneous bowel movement response rate, 
response rate of rescue-free bowel movements < 4 h or < 24 h after the 
first dose, the total score of the BFI or Rome IV criteria. 

Prevention of OIC in cancer patients 

Standard laxatives. One RCT investigated sennosides versus lactu
lose in 91 cancer patients commencing opioid therapy [41]. It did not 
find significant differences in defecation-free periods, mean number of 
defecation days or the general state of health after 27 days of treatment. 
Another RCT compared polyethylene glycol (PEG), sodium picosulphate 
(SPS), lactulose and no laxative use (NL) in 358 ambulatory cancer pa
tients [60]. After 7 days, there were no significant differences in number 
of patients with a stool-free interval > 72 h, mean defecation frequency 
per 5 days or quality of life. SPS, PEG and NL showed a lower numerical 
rating scale (NRS) of constipation than lactulose (p = 0.01, see Table 1). 
In contradiction to what the authors state, this study does not allow a 
conclusion about the effectivity of the laxatives used. 

Another RCT compared sennosides with Misrakasneham, an old 
Ayurvedic liquid medicine with different kinds of herbs, castor oil, ghee 
and milk (not available in Western countries) in 50 cancer patients 
starting on oral morphine [54]. No significant differences in satisfactory 

bowel movements were found after 14 days. 
A prospective, observational cohort study compared the incidence of 

OIC 14 days after initiation of opioid therapy in 220 patients treated 
with laxatives or without laxatives [59]. Patients receiving laxatives 
were mainly treated with magnesium oxide (89 %). After two weeks of 
treatment, the incidence of OIC based on the Rome IV criteria was 48 % 
(95 % CI 38.1–57.5 %) in the group treated with laxatives and 65 % (95 
% CI 55.0–74.2 %) in the group who did not receive any laxatives. 

Naloxone. Three studies evaluated the use of orally administered 
naloxone (in a fixed combination with prolonged-release oxycodone) for 
prevention of OIC [50,51,55]. Constipation was a secondary endpoint in 
all studies. Two studies compared the drug with oxycodone prolonged 
release (PR) and standard laxatives [50,51]. One RCT found that bowel 
habit changes (scored by the patient as worsened, no change or 
improved) did not differ significantly after four weeks between the two 
groups (p = 0.264) [51]. The changes in the QLQ-C30 constipation score 
were also similar between treatment groups. A cohort study showed a 
significantly improved BFI score from baseline in patients treated with 
oxycodone/naloxone (n = 73) compared to patients treated with oxy
codone PR and laxatives (n = 73) at both 30 days (p < 0.0001) and at 60 
days (p = 0.02) [50]. Another cohort study compared oxycodone/ 
naloxone with transdermal fentanyl without laxatives in 336 patients 
[55]. The constipation rates (for both any degree and severe con
stipation) were comparable in both groups. 

PAMORAs. A recent trial from 2022 compared magnesium oxide 
with naldemedine in 120 cancer patients starting on opioid therapy 
[52]. Compared with magnesium oxide, naldemedine resulted in less 
constipation based on Rome IV criteria and better stool consistency both 
at 2 weeks and at 12 weeks. It also showed significantly better 
constipation-related quality of life, measured with two different quality 
of life questionnaires. No significant differences were found in the 
number of spontaneous bowel movements per week and in quality of life 
as measured with the short form-36. 

A meta-analysis of studies for prevention of OIC was not possible due 
to high heterogeneity. 

Treatment of OIC in cancer patients 

Standard laxatives. One RCT compared PEG with sennosides for 
treatment of OIC in 70 cancer patients, using the revised Victoria Bowel 
Performance Scale [46]. The overall effectiveness of PEG was 1.21 times 
(95 % CI 0.96–1.55) higher than sennosides. In contradiction to their 
conclusion, it cannot be concluded that PEG is more effective than 
sennosides. The same author also conducted a cohort study in 60 hos
pitalized cancer patients with OIC, comparing sennosides with senno
sides and docusate [47]. No statistical significance was found between 
the two treatment groups. 

Naloxone. One RCT studied naloxone orally versus placebo in the 
treatment of OIC in 27 cancer patients in a dose-ranging study [57]. 
Naloxone at doses of 10 % or less of the morphine dose did not lead to a 
clinically significant difference in small bowel transit time, but when 
administered at a dose of 20 % or more, there was a clinically significant 
effect. Two patients experienced symptoms of opioid withdrawal, one of 
whom also had return of pain. 

A non-randomized study compared oxycodone/naloxone, itopride 
(an acetylcholine esterase enzyme inhibitor), oxycodone/naloxone plus 
itopride and standard laxatives only [45]. All patients used strong opi
oids and standard laxatives. They found similar number of days with 
bowel movements in all groups. Yet, the use of itopride decreased the 
use of laxatives. 

Two RCTs investigated oxycodone/naloxone with laxatives versus 
oxycodone PR with laxatives [42,44]. Overall, oxycodone/naloxone 
resulted in a higher decrease in BFI than oxycodone PR (mean difference 
(MD) − 13.79; 95 % CI − 18.50 to − 9.08, see Fig. 2). The heterogeneity 
between the studies was moderate (I2 = 34 %, p = 0.22), as was the 
overall quality of evidence, because of a small sample size (see 
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Table 1 
Characteristics and main outcomes of included studies.  

Author Study 
design 

Setting Prevention/ 
treatment 

Intervention Total patients 
(% cancer 
patients) 

Main outcomes regarding constipation 

Agra et al. (1998)  
[41] 

RCT Single 
center 

Prevention Sennosides 12 mg/day with 
increments of 12 mg every 3 days 
according to clinical response 
Lactulose,10 g/day with 
increments of 10 g every 3 days 
according to clinical response 

91 (100 %) No significant differences in defecation-free periods, 
mean number of defecation days or the general state 
of health. 

Wirz et al. (2012)  
[60] 

RCT Single 
center 

Prevention Polyethylene glycol (PEG) one 
sachet/day 
Sodium picosulphate (S) 10 mg/ 
day 
Lactulose (L) 10 g/day 
No laxative (NL) 

358 (100 %) No significant difference in number of patients with a 
stool-free interval > 72 h, mean defecation frequency 
per 5 days or quality of life. Significant difference in 
NRS of constipation: PEG: 2.2 ± 2.3; SPS: 2.7 ± 2.7; L: 
3.8 ± 3.3; NL 2 ± 2.6; p = 0.01). 

Ramesh et al. 
(1998) [54] 

RCT Single 
center 

Prevention Misrakasneham 2.5–10 ml per day 
according to protocol 
Sennosides 24 mg-72 mg/day 
according to protocol 

50 (100 %) Percentage of patients with satisfactory bowel 
movement: 85 % vs. 69 % in Misrakasneham and 
sennosides, resp., p > 0.2. 

Tokoro et al. (2019) 
[59] 

Cohort 
study 

Multicenter Prevention Magnesium oxide (MgO) 
No laxative 

220 (100 %) Incidence of constipation in magnesium oxide vs. no 
laxative: 48 % (95 % CI 38.1–57.5 %) vs. 65 % (95 % 
CI 55.0–74.2 %). 

Ozaki et al. (2022)  
[52] 

RCT Single 
center 

Prevention Naldemedine 0.2 mg once 
MgO 500 mg t.i.d. 

120 (100 %) Incidence of constipation based on ROME IV criteria 
for naldemedine vs. magnesium oxide: 33 % vs. 55 % 
at two weeks, p = 0.02 and 40 % vs. 68 % at 12 weeks, 
p = 0.002. 

Lazzari et al. (2015) 
* [50] 

Cohort 
study 

Single 
center 

Prevention Oxycodone/naloxone daily +
standard laxatives, different dose 
ranges 
Oxycodone PR daily + standard 
laxatives, different dose ranges 

146 (100 %) 30 days: (− 13.4; 95 % CI − 3.3–30.1 vs. 13.2; 95 % CI 
− 4.7 – 31.1, p < 0.01) 
60 days: (− 16.0 ± 19.2; 95 % CI − 35.2–3.2 vs. 13.8 
± 19.7; 95 % CI − 5.9–33.5, resp., p < 0.001). 

Lee et al. (2017)*  
[51] 

RCT Multicenter Prevention Oxycodone/naloxone + MgO 
rescue medication, 
start dose 20 mg/10 mg per day 
Oxycodone PR daily + MgO rescue 
medication, start dose 20 mg/day 

128 (100 %) No significant differences in change in bowel habits or 
in change in EORTC QLQ-30 constipation. 

Roberto et al. 
(2017) [55] 

Cohort 
study 

Multicenter Prevention Oxycodone/naloxone daily, 
different dose ranges 
Transdermal fentanyl every 3 
days, different dose ranges 

336 (100 %) Any degree of constipation: (76 (63.9 %) vs. 115 (60.2 
%), p = 0.51)Severe constipation: (36 (30.2 %) vs 50 
(26.2 %), p = 0.43). 

Hawley et al. 
(2020) [46] 

RCT Multicenter Treatment Polyethylene glycol, different 
dosages according to bowel 
protocol 
Sennosides, different dosages 
according to bowel protocol 

70 (100 %) Overall effectiveness of PEG was 1.21 times (95 % CI 
0.96–1.55) higher than sennosides. 

Hawley et al. 
(2008) [47] 

Cohort 
study 

Single 
center 

Treatment Sennosides + ducosate, according 
to bowel protocol 
Sennosides, according to bowel 
protocol 

60 (100 %) Patients treated with sennosides and ducosate had at 
least 1 bowel movement/day in 49 % of the days and 
patients treated with sennosides only had at least 1 
bowel movement/day in 50 % of the days with (p =
0.86). 

Sykes (1996) [57] RCT Single 
center 

Treatment Naloxone daily + laxatives, 
different dose ranges 
Placebo + laxatives daily 

27 (100 %) No clinically significant difference in SBTT in 
naloxone at doses of ≤ 10 % of morphine dose. 
Clinically significant effect in SBTT in naloxone at 
doses of ≥ 20 % of morphine dose. 

Dzierzanowski et al. 
(2022) [45] 

Cohort 
study 

Multicenter Treatment Oxycodone/naloxone daily +
laxatives, different dose ranges 
Oxycodone/naloxone + itopride 
daily + laxatives, different dose 
ranges 
Itopride daily + laxatives, 
different dose ranges 
Standard laxatives, different dose 
ranges 

93 (100 %) No statistical significant difference in number of days 
with BMs in all groups. 

Ahmedzai et al. 
(2012)* [42] 

RCT Multicenter Treatment Oxycodone/naloxone daily +
laxatives, different dose ranges 
Oxycodone PR/placebo daily +
laxatives, different dose ranges 

185 (100 %) Difference in change of BFI score between groups: 
ΔBFI: − 11.14 (95 % CI − 19.03 to − 3.24; p < 0.01). 

Dupoiron et al. 
(2017)* [44] 

RCT Multicenter Treatment Oxycodone/naloxone daily +
laxatives, different dose ranges 
Oxycodone PR daily + laxatives, 
different dose ranges 

46 (100 %)** Difference in change of BFI score between groups: 
ΔBFI: − 14.0 (95 % CI − 22.1 to − 5.9; p = 0.047). 

Bull et al. (2015)*  
[43] 

RCT Multicenter Treatment Methylnaltrexone 8 mg (38–62 
kg) or 12 mg (≥62 kg) every other 
day + laxatives 

230 (66.1 %) RR RFBM < 4 h after first dose: 
69.8 % vs. 17.5 %; p < 0.0001. 
RR RFBM < 4 h after 4 or more of 7 doses:62.9 % vs. 
9.6 %; p < 0.0001. 

(continued on next page) 
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supplementary Table 3). Despite the small sample size, the confidence 
interval is small and the effect size is clinically meaningful (MD − 13.79, 
with a change of ≥ 12 indicating a clinical meaningful change [16]). 

Since these findings are consistent with other studies [61], it increases 
the reliability of the effect size found. 

PAMORAs. Five trials examined the efficacy of PAMORAs 

Table 1 (continued ) 

Author Study 
design 

Setting Prevention/ 
treatment 

Intervention Total patients 
(% cancer 
patients) 

Main outcomes regarding constipation 

Placebo every other day +
laxatives 

Katakami, Oda et al. 
(2017)* [49] 

RCT Multicenter Treatment Naldemedine 0.1 mg once daily +
laxatives 
Naldemedine 0.2 mg once daily +
laxatives 
Naldemedine 0.4 mg once daily +
laxatives 
Placebo once daily + laxatives 

225 (100 %) SBM RR:56.4 %, 77.6 %, and 82.1 % for naldemedine 
0.1, 0.2, and 0.4 mg, resp., all statistically significant 
compared to placebo (p = 0.0464, p < 0.001, and p <
0.001, resp.). 

Katakami, Harada 
et al. (2017)*  
[48] 

RCT Multicenter Treatment Naldemedine 0.2 mg once +
laxatives if necessary 
Placebo once daily + laxatives if 
necessary 

193 (100 %) SBM RR: 71.1 % and 34.4 % for naldemedine 0.2 mg 
and placebo, resp. p < 0.0001. 

Thomas et al. 
(2008)* [58] 

RCT Multicenter Treatment Methylnaltrexone 0.15 mg/kg 
every other day + laxatives 
Placebo every other day +
laxatives 

133 (58.5 %) RR RFBM < 4 h after first dose: 48 % and 15 % for 
methylnaltrexone and placebo, resp. p < 0.0001. 
RR RFBM < 4 h after 4 or more of 7 doses:39 % vs. 6 
%; p < 0.001. 

Portenoy et al. 
(2008)* [53] 

RCT Multicenter Treatment Methylnaltrexone 1 mg every 
other day + laxatives 
Methylnaltrexone 5 mg every 
other day + laxatives 
Methylnaltrexone 12.5 mg every 
other day + laxatives 
Methylnaltrexone 20 mg every 
other day + laxatives 

33 (85 %) RR RFBM < 4 h after first dose: 10 %, 43 %,60 % and 
33 % for methylnaltrexone 1 mg, 5 mg, 12.5 mg and 
20 mg, resp. Statistical comparisons between 1 mg 
and higher doses were p = 0.05, p = 0.06 and p =
0.52. 

Slatkin et al. (2009) 
* [56] 

RCT Multicenter Treatment Methylnaltrexone 0.15 mg/kg 
once + laxatives 
Methylnaltrexone 0.3 mg/kg once 
+ laxatives 
Placebo once + laxatives 

154 (82.2 %) RR RFBM < 4 h after first dose: 61.7 %, 58.2 % and 
13.5 % for methylnaltrexone 0.15 mg/kg, 0.3 mg/kg 
and placebo, resp. All statistically significant 
compared to placebo (both p < 0.0001). 

* Included in meta-analysis. 
** Subgroup analysis of cancer patients were performed. These data were included in the meta-analysis. 
Abbreviations: RCT: randomized controlled trial; BM: bowel movement; SBM: spontaneous bowel movement; CSBM: complete spontaneous bowel movement; RFBM: 
rescue-free bowel movement; RR: responders rate; AE: adverse event; JPAC-QOL: Japanese Patient Assessment of Constipation-Quality of Life; BSFS: Bristol stool form 
scale; PAC-SYM: Patient Assessment of Constipation-Symptoms; CSS: constipation scoring system; BFI: Bowel Function Index; PR: prolonged release; EORTC QLQ-C30: 
European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire Core 30; NRS: numeric rating scale; SBTT: small bowel transit time. 

Fig. 2. Forest plot of the differences of the change in Bowel Function Index between oxycodone/naloxone and oxycodone prolonged release (PR). Abbreviations: 
OXN: oxycodone/naloxone; OXY PR: oxycodone prolonged release. 

Fig. 3. Forest plot of the response rate of PAMORAs compared to placebo.  
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(naldemedine (2) and methylnaltrexone (3)) versus placebo after two 
weeks of treatment of OIC in cancer patients [43,48,49,56,58]. Treat
ment with PAMORAs showed a significant higher response rate (defined 
as a patient with an SBM per week frequency of at least three and an 
average increase in frequency of SBMs per week from baseline by at least 
one) than placebo (RR 3.89; 95 % CI 2.10–7.23, see Fig. 3), with a high 
heterogeneity (I2 = 84 %, p < 0.0001). The certainty of evidence was 
graded very low. This was due to the high heterogeneity, indirectness 
and imprecision (see supplementary Table 4). 

Subgroup and additional analyses 

We performed subgroup analyses for treatment with naldemedine 
and treatment with methylnaltrexone. We analysed 2 RCTs comparing 
naldemedine 0.2 mg with placebo in 307 patients and found a significant 
higher response rate in patients treated with naldemedine (RR 2.07; 95 
% CI 1.64–2.61) [48,49]. Furthermore, analyses showed a significant 
difference in changes from baseline in both spontaneous bowel move
ments (SBMs) per week (MD 3.47; 95 % CI 2.30–4.64) and complete 
spontaneous bowel movements (CSBMs) per week compared to baseline 
(MD 2.31, 95 % CI 1.45–2.31) in favour of naldemedine (see supple
mentary Fig. 1). Heterogeneity was low for all outcomes, due to the fact 
that both studies were conducted by the same research group. The 
certainty of evidence was high for the SBM responders rate, whereas it 
was moderate for the change in (C)SBMs, because of a high risk of bias of 
one of the studies (see supplementary Table 5). 

The analysis of methylnaltrexone included 3 RCTs with 327 partic
ipants [43,56,58]. Methylnaltrexone showed a significant higher 
response rate in the first 4 h after first administration than treatment 
with placebo (RR 3.83; 95 % CI 2.81–5.22, see supplementary Fig. 2). 
This response rate increased even more after four out of seven doses (RR 
9.46; 95 % CI 4.71–18.99). Heterogeneity between studies was low (I2 =

0 %). The quality of evidence was high and moderate, respectively (see 
supplementary Table 6). 

Two studies investigated the dose–response of methylnaltrexone 
[53,56]. We created a low and high dose group based on dose equiva
lents evaluating short term response and medium term response (see 
supplementary Fig. 3). There were no significant differences between 
low and high dose treatment in both short and medium term response. 
Heterogeneity was low with a low certainty of evidence due to small 
sample sizes and indirectness (see supplementary Table 7). 

Adverse events 

Standard laxatives. Two RCTs reported the incidence of diarrhea, 
nausea and vomiting of treatment with polyethylene glycol, sodium 
picosulphate, lactulose and sennosides [46,60]. Treatment with poly
ethylene glycol or sennosides shows a trend towards a higher incidence 
of nausea and vomiting compared to the other laxatives (see supple
mentary Table 8). The incidence of diarrhea was similar in all groups. 

Naloxone. The risk for nausea was lower in the oxycodone/naloxone 
group compared to oxycodone PR (RR 0.51; 95 % CI 0.31–0.83; I2 = 0 %, 
see supplementary Fig. 4). The risks of overall adverse events and of 
other side effects were similar. The certainty of evidence for all adverse 
events was graded low to very low (see supplementary Table 3). 

PAMORAs. The overall risk of adverse events for PAMORAs was 
slightly higher compared with placebo (RR 1.23; 95 % CI 1.03–1.47, see 
supplementary Fig. 5). With regard to specific adverse events, only the 
risk of abdominal pain was significantly higher (RR 2.19; 95 % CI 
1.13–4.25; I2 = 49 %). The certainty of evidence was low to very low due 
to heterogeneity, wide confidence intervals and indirectness (see sup
plementary Table 4). 

Subgroup analysis with naldemedine compared to placebo showed 
non-significant risk ratios, except for a higher risk of diarrhea (RR 1.89; 
95 % CI 1.15–3.10; I2 = 11 %, see supplementary Fig. 6). The certainty 
of evidence was rated as moderate (see supplementary Table 5). 

Between methylnaltrexone and placebo there was only a significant 
difference in adverse events risk ratios for nausea (RR 2.19; 95 % CI 
1.13–4.25; I2 = 49, see supplementary Fig. 7). However, all adverse 
events had a low to very low certainty of evidence, see supplementary 
Table 6. There was no significant difference in adverse events between a 
low dose and high dose of methylnaltrexone, again with a low to very 
low certainty of evidence (see supplementary Fig. 8 and supplementary 
Table 7). 

Risk of bias 

The included trials predominantly had a moderate to high risk of bias 
(see Fig. 4). Most RCTs raised concerns in the selection of the reported 
results because there was no pre-specified analysis plan available to 
compare the selected results with. Only one study did publish its pro
tocol with pre-specified analysis plan, but several of the listed secondary 
outcomes were eventually not reported in the final article [48]. Another 
study reported mostly post-hoc analyses [52]. All cohort studies had a 
serious or critical risk of bias due to confounding or because intervention 
groups were not clearly defined in the articles. 

Publication bias 

We did not assess for publication bias due to a low number of studies 
included in the meta-analysis. This would make the assessment unreli
able. However, we searched for study protocols of trials on prevention or 
treatment of OIC in cancer patients. We found twelve trials that were 
completed, but whose results were not available in peer-reviewed pub
lications. An overview of these studies can be found in supplementary 
Table 9. All studies were focused on treatment of OIC. From nine studies 
the results remain unknown. Two RCTs found no significant difference 
between alvimopan (a PAMORA that is not registered for the treatment 
of OIC [31]) versus placebo and oxycodone/naloxone versus oxycodone 
PR, resp. [62,63]. One RCT found a significant improvement of bowel 
movement in patients treated with hydromorphone/naloxone compared 
to placebo [64]. We did not include these studies in our review, since the 
results have not been peer-reviewed and published. We identified three 
ongoing trials that have started, but results are not available yet (see 
supplementary Table 10). 

Discussion 

This systematic review assessed the evidence of pharmacological 
strategies for the prevention and treatment of OIC in cancer patients. 

Regarding the prevention of OIC, our results show that magnesium 
oxide and naldemedine are most likely to be effective, but the studies 
included have a low quality, high heterogeneity and high risk of bias. 
Naldemedine seems to be more effective in preventing OIC [52]. How
ever, while magnesium oxide is inexpensive (€0.18 euros per day [65]), 
naldemedine costs on average $376.74 USD for a 30-day supply [66]. 
Even though PEG is one of the most prescribed laxatives for both pre
vention and treatment of OIC, evidence of the effectivity of PEG remains 
limited. The studies investigating this laxative were either inconclusive 
or too small to draw conclusions. Apart from the studies in this sys
tematic review, one study of Freedman et al. (1997) is often referred to 
as evidence for the effectivity of PEG for treatment of OIC, even though 
this RCT included only 57 participants [67]. Moreover, the participants 
were opioid-dependent patients on methadone maintenance, decreasing 
the generalizability. Hence, more research with higher quality RCTs is 
needed to prove the effectivity of PEG and other standard laxatives in 
cancer patients. 

Regarding the treatment of OIC, there is hardly any evidence to prefer 
one laxative over another. Naloxone (in a fixed combination with oxy
codone) and the PAMORAs methylnaltrexone and naldemedine are 
more effective compared to placebo in cancer patients with a moderate 
to high quality of evidence. We also found that there was no difference in 
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bowel function and adverse events in low dose (0.15 mg/kg) and high 
dose (0.30 mg/kg) methylnaltrexone, with a low to very low quality of 
evidence. The internationally approved dosages of 8–12 mg or 0.15 mg/ 
kg methylnaltrexone are in line with these results [68,69]. As PAMORAs 
and oral naloxone have not been compared to standard laxatives in the 
treatment of OIC, are expensive and only registered for treatment of OIC 
not responding to laxatives, they currently are second-line treatment for 

OIC. 
Overall, there were few differences in adverse events rates for stan

dard laxatives compared with other laxatives, or for naloxone, nalde
medine and methylnaltrexone compared with treatment with placebo or 
no laxative, making them safe to use. For methylnaltrexone there was a 
slightly increased risk of overall adverse events and of abdominal pain. 

Previous systematic reviews found results similar to our review and 

Fig. 4. Risk of bias evaluation of all included studies in the systematic review. A: risk of bias of all included RCTs. B: risk of bias of all included non-randomized 
cohort studies. 
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meta-analysis. One systematic review and meta-analysis focused on the 
efficacy of μ-opioid receptor antagonists for treatment of OIC in cancer 
patients and palliative care patients [70]. This review included the same 
RCTs with opioid antagonists as we did (with the exception of the study 
of Ozaki [52], which was published in 2022), but not the cohort studies. 
Their conclusions with regard to methylnaltrexone, naldemedine and 
naloxone align well with our results. Although the same three studies 
comparing oxycodone/naloxone with oxycodone PR (consisting of one 
prevention study and two treatment studies [42,44,51]) were included 
in their review, only two studies are mentioned in the evaluation of 
laxation response [42,51], one of which was a prevention study [51]. No 
meta-analysis was performed of these two studies, because the authors 
from both trials did not provide full data. In contrast, our meta-analysis 
analyzed the two treatment studies [42,44] and excluded the prevention 
study [51] for the evaluation of laxation response. This provides more 
insight into the evidence for the use of oxycodone/naloxone. 

Interestingly, oxycodone/naloxone showed no benefit when admin
istered for the prevention of OIC, while it did show benefit for the 
treatment of OIC. A possible explanation could be that in the prophylaxis 
studies oxycodone/naloxone alone was compared to standard laxatives, 
while in the treatment studies patients with OIC used standard laxatives 
before start of the trial and could continue them during the trial. 
Therefore the comparison was oxycodone/naloxone with standard lax
atives compared to placebo with standard laxatives. It could be specu
lated that standard laxatives and oxycodone/naloxone together improve 
bowel function in OIC. 

Two other systematic reviews also compared PAMORAs with placebo 
for treatment of OIC with similar results as ours, but mainly evaluated 
trials in non-cancer patients [35,36]. Another systematic review and 
meta-analysis reviewed lifestyle and pharmacological therapy options 
for prevention and treatment of opioid-induced and non-opioid-induced 
constipation both in patients with cancer and in non-cancer patients 
[71]. They found a moderate benefit for osmotic or stimulant laxatives 
and a small benefit for methylnaltrexone, naldemedine and electro
acupuncture for the prevention and treatment of OIC in cancer patients, 
but did not separate cancer and non-cancer patients in their analysis. 
Furthermore, in some of the included studies a different form of con
stipation was assessed instead of OIC (e.g. functional idiopathic 
constipation). 

Only two PAMORAs were evaluated in this systematic review, even 
though more agents are available on the market, such as naloxegol. 
Naloxegol has been recommended in guidelines for treatment of re
fractory OIC, yet has so far only been investigated in non-cancer patients 
[26,27,36]. Research in cancer patients is needed to evaluate its efficacy 
and safety. Moreover, the cost-effectiveness of PAMORAs compared to 
standard laxatives should be evaluated as well, since the costs of 
PAMORAs are generally much higher than the cost of standard laxatives 
[66,72]. Furthermore, more research into the preventive use of 
PAMORAs in cancer patients starting opioid treatment should be 
conducted. 

Publication bias may play a role. We found twelve completed studies 
that have not been published in a peer-reviewed journal. Two out of 
three studies that had results available, did not find a statistical signif
icant difference. This can be a sign of publication bias. Most studies with 
PAMORAs and oxycodone/naloxone were funded or assisted by phar
maceutical companies [42–44,50,51,53,56,58,59]. Even though this is 
not a part of the assessment of risk of bias, there should be awareness for 
potential bias due to the conflict of interest of the pharmaceutical 
companies [73,74]. 

Cancer patients often have other factors contributing to constipation 
and PAMORAS and naloxone may only be effective if opioids are the 
main cause of the constipation [23,24]. Unfortunately, most studies did 
not report other contributing factors (e.g. use of serotonin antagonists or 
anticholinergics and tumor growth in gastrointestinal tract). Therefore, 
it remains unclear if this influenced the results of the studies. 

The mean daily opioid dosages varied widely between the included 

studies from 13 mg to 404 mg morphine equivalents per day. A higher 
opioid dose may increase the risk of developing constipation and may 
also increase the severity of constipation [75]. This may have affected 
the efficacy of the laxatives. However, OIC is not necessarily dose- 
dependent, but depends also on the clinical history of the patient and 
pharmacogenetic variation [76]. 

The strength of our systematic review and meta-analysis lies in its 
limitation to OIC in cancer patients, and its robust methodology, based 
on a broad literature search and the use of pre-defined inclusion and 
exclusion criteria. A limitation of this study is that it is restricted by our 
inclusion criteria, which only includes articles published in English and 
Dutch. 

Conclusion 

Scientific evidence on the prevention of OIC in cancer patients re
mains limited. There is very little evidence to prefer one laxative over 
another to prevent or treat OIC. Magnesium oxide and naldemedine are 
likely to be effective for prevention of OIC in cancer patients. Nalmedine 
seems to be more effective (based on one study), but is much more 
expensive. Naloxone (in a fixed combination with oxycodone) and the 
PAMORAs naldemedine and methylnaltrexone have proven to be 
effective in the treatment of OIC in cancer patients with acceptable 
adverse events. However, their effect has not been compared yet with 
standard laxatives. As PAMORAs are not registered as first-line pre
vention or treatment of OIC and their costs are significantly higher than 
the cost of standard laxatives, the latter are still more preferable for the 
prevention and treatment of OIC until further research is available. More 
comparative studies within and between laxatives and PAMORAs are 
necessary before recommendations for clinical practice can be made. 
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