
Impacts of genetic polymorphisms and cancer
cachexia on naldemedine pharmacokinetics and
bowel movements in patients receiving opioid
analgesics

言語: English

出版者: John Wiley and Sons

公開日: 2025-02-10

キーワード (Ja): 

キーワード (En): cachexia, genetic polymorphism,

naldemedine, opioid-induced constipation,

pharmacokinetics

作成者: 中津川, 瑛美

メールアドレス: 

所属: 

メタデータ

http://hdl.handle.net/10271/0002000327URL
This work is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International
License.

http://creativecommons.org/licenses/by-nc/4.0/


OR I G I N A L AR T I C L E

Impacts of genetic polymorphisms and cancer cachexia on
naldemedine pharmacokinetics and bowel movements in
patients receiving opioid analgesics

Emi Nakatsugawa1 | Takafumi Naito1,2 | Kaito Shibata1,2 | Ryo Kitajima3 |

Junichi Kawakami1

1Department of Hospital Pharmacy,
Hamamatsu University School of Medicine,
Hamamatsu, Japan
2Department of Pharmacy, Shinshu University
Hospital, Matsumoto, Japan
3Division of Palliative Care Center,
Hamamatsu University Hospital, Hamamatsu,
Japan

Correspondence
Takafumi Naito, Department of Pharmacy,
Shinshu University Hospital, 3-1-1 Asahi,
Matsumoto, Nagano 390-8621, Japan.
Email: naitou@shinshu-u.ac.jp

Funding information
JSPS KAKENHI, Grant/Award Numbers:
21H04204, 21K06664, 22H04287

Abstract
Background/Objectives: Clinical responses to naldemedine vary between
individuals with advanced cancer. This is a prospective, single-center,
observational study aimed to evaluate the influence of genetic
polymorphisms and cachexia status on plasma naldemedine and clinical
responses.
Methods: Forty-eight patients being treated with naldemedine for opioid-
induced constipation under treatment of cancer pain were enrolled. Plasma
naldemedine concentrations were determined on the fourth day or later after
administration of naldemedine, and the associations with genotypes,
cachexia status, and clinical responses were assessed.
Results: Cancer patients exhibited a large variation in the plasma naldeme-
dine concentrations, and it was correlated with serum total protein level.
Patients who were homozygous CYP3A5*3 had a higher plasma concentra-
tion of naldemedine than those with the *1 allele. ABCB1 genotypes tested
in this study were not associated with plasma naldemedine. A negative cor-
relation was observed between the plasma naldemedine concentration and
4β-hydroxycholesterol level. The plasma naldemedine concentration was
lower in patients with refractory cachexia than in those with precachexia
and cachexia. While serum levels of interleukin-6 (IL-6) and acute-phase
proteins were higher in patients with refractory cachexia, they were not
associated with plasma naldemedine. A higher plasma concentration of
naldemedine, CYP3A5*3/*3, and an earlier naldemedine administration
after starting opioid analgesics were related to improvement of bowel
movements.
Conclusion: Plasma naldemedine increased under deficient activity of
CYP3A5 in cancer patients. Cachectic patients with a higher serum IL-6
had a lower plasma naldemedine. Plasma naldemedine, related to CYP3A5
genotype, and the initiation timing of naldemedine were associated with
improved bowel movements.

Abbreviations: 4β-OHC, 4β-hydroxycholesterol; 4β-OHC/TC, serum total cholesterol normalized plasma 4β-hydroxycholesterol; ABCB1, ATP-binding cassette sub-
family B member 1; AGP, α1-acid glycoprotein; COMT, catechol-O-methyltransferase; CRP, C-reactive protein; CYP, cytochrome P450; ELISA, enzyme-linked
immunosorbent assay; GPS, Glasgow prognostic score; IL-6, interleukin-6; IQR, interquartile range; IS, internal standard; LC–MS/MS, liquid chromatograph coupled
to a tandem mass spectrometer; LLOQ, lower limit of quantification; OIC, opioid-induced constipation; OPRM1, μ1-opioid receptor; P-gp, p-glycoprotein; SBM,
spontaneous bowel movement.
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1 | INTRODUCTION

Opioid-induced constipation (OIC) is not a self-limiting
adverse effect of opioid therapy, and more than 40% of
patients reported experiencing OIC [1–3]. Treatment of
OIC is necessary to continue acceptable opioid therapy
with optimal pain relief [4]. Naldemedine, an opioid
receptor μ1 (OPRM1) antagonist, is commonly used for
constipation refractory to normal laxatives. Approxi-
mately 40% of patients developed diarrhea or loose
stools with a therapeutic dose of naldemedine [5].
Although naldemedine is not recognized as a possible
factor of opioid withdrawal because of its poor central
distribution, its product information warns about opioid
withdrawal in patients with a brain disorder [6–8]. The
associations of naldemedine pharmacokinetics with its
clinical responses have not been fully investigated in
cancer patients.

The oral bioavailability of naldemedine is approxi-
mately 30%, and its main elimination pathway is meta-
bolic inactivation by CYP3A [6, 8]. Naldemedine
pharmacokinetics and its association with CYP3A activ-
ity still need to be clarified in cancer patients. CYP3A
activity varies between individuals, and plasma 4β-
hydroxycholesterol (4β-OHC) is used as an endoge-
nous marker of total CYP3A activity [9]. Not only
CYP3A4 activity but also CYP3A5 genotype is related
to the production of 4β-OHC [10]. Homozygous
CYP3A5*3 patients were reported to have a low
plasma 4β-OHC [11]. Naldemedine pharmacokinetics
have not been characterized in terms of CYP3A activity
using plasma 4β-OHC and CYP3A5 genotype.

Naldemedine is a substrate of P-glycoprotein
(P-gp) encoded by ABCB1, regulating the intestinal
absorption of drugs. Co-administration of potent P-gp
inhibitors such as cyclosporine has been shown to
increase naldemedine exposure in healthy sub-
jects [12]. P-gp also restricts the entry of drugs into the
central nervous system at the blood brain barrier [13].
The contribution of P-gp to restricted distribution of nal-
demedine into the brain remains to be clarified. ABCB1
has several genetic variants affecting its transport
activity and drug clinical responses [14, 15]. The activi-
ties of OPRM1 and catechol-O-methyltransferase
(COMT), which have meaningful genetic mutations,
also potentially altered the clinical responses to opioid
analgesics [16, 17]. The associations of their geno-
types with the clinical responses to naldemedine have
not been fully investigated in cancer patients receiving
opioid analgesics.

Naldemedine is mostly administered to advanced
cancer patients in Japan. Cancer cachexia reduces

the activity of drug-metabolizing enzymes and trans-
porters [18]. The onset of cachexia is associated with
the overproduction of pro-inflammatory cytokines such
as interleukin-6 (IL-6) and tumor necrosis factor-α [19].
These cytokines predominantly downregulate the
expression of CYP3A4. Cachectic cancer patients with
elevated serum IL-6 were reported to have a higher
plasma concentration of CYP3A4 substrates [20]. The
elevated IL-6 potentially leads to changes in blood
brain barrier permeability [21]. The associations of nal-
demedine pharmacokinetics with cachexia status have
not been evaluated in cancer patients.

Patients with genetic polymorphisms or cancer
cachexia are at a potential risk of adverse effects due
to increased plasma naldemedine, while plasma nalde-
medine and its clinical response have never been
investigated in terms of genotypes and cachexia pro-
gression. We hypothesized that plasma naldemedine
increased in patients (1) with genotypes of CYP3A5
and ABCB1 and (2) with cachectic status. This is the
first report that evaluated the influence of genetic poly-
morphisms and cancer cachexia on plasma naldeme-
dine. Since dose-dependent efficacy of naldemedine
was reported [22], the associations of plasma naldeme-
dine with clinical responses were assessed as second-
ary objectives.

2 | MATERIALS AND METHODS

2.1 | Study design and ethics

This prospective, single-center observational study was
conducted to evaluate the influence of genetic polymor-
phisms and cancer cachexia on plasma naldemedine
as the primary objective. The secondary objective is to
assess the associations of plasma naldemedine with
clinical responses. This study was conducted in accor-
dance with the Declaration of Helsinki and its amend-
ments. The protocol was registered with the University
Hospital Medical Information Network (000042675) and
was approved by the Ethics Committee of Hamamatsu
University School of Medicine (20-261). All patients
were informed about the study and consented in writing
prior to participation.

2.2 | Patients and blood sampling

This study was conducted in patients admitted at
Hamamatsu University Hospital from December 2019
to November 2022. The prescription history of
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naldemedine was checked once a week using dispens-
ing system (YUNiCOM-GX, Yuyama MFG Co. Ltd.,
Osaka, Japan). Among them, cancer patients who were
taking opioid analgesics were selected, and remaining
blood samples of medical examinations were collected.
A total of 58 patients administered 0.2 mg of oral nalde-
medine (Shionogi & Co., Ltd., Tokyo, Japan) once daily
after breakfast for at least four consecutive days for
constipation under treatment of opioid analgesics
for cancer pain were recruited. Exclusion criteria were
as follows: patients who (1) were receiving weak
opioids such as codeine and tramadol; (2) had liver
dysfunction (serum total bilirubin > 2.0 mg/dL);
(3) had decreased renal function (serum creatinine
> 2.0 mg/dL); (4) were being co-treated with any strong
CYP3A4 inducers or inhibitors such as rifampicin, rito-
navir, azole antifungals, and clarithromycin [23];
(5) were being co-treated with potent P-gp inhibitors
including cyclosporine, amiodarone, and verapamil [24];
(6) had a brain tumor or metastasis based on medical
history; and (7) were suspected of poor drug adherence
based on medical records. Ten patients were excluded
and 48 were enrolled in the present study. The blood
samples were collected into tubes containing EDTA
dipotassium salt 24 h after dosing on the fourth day or
later after starting the medication when the concentra-
tion was presumed to be at steady state.

2.3 | Determination of plasma
naldemedine

Methanol (800 μL) containing perampanel as an inter-
nal standard (IS) was added to 200 μL of EDTA
treated-plasma. The mixed solutions were centrifuged,
and aliquots of the methanol extract were dried using a
rotary vacuum evaporator. The residues were reconsti-
tuted with the mobile phase, and 5 μL aliquots were
injected into a liquid chromatograph coupled to a tan-
dem mass spectrometer (LC–MS/MS) system (Nexera
and LCMS-8050, Shimadzu Corporation, Kyoto,
Japan). Analytes were separated using a 2.6-μm parti-
cle size octadecyl silyl column (Kinetex C18, 100 mm
length � 2.1 mm inner diameter, Phenomenex Inc.,
Torrance, CA, USA) with a guard column
(SecurityGuard Ultra Cartridge, Phenomenex Inc.) and
isocratic elution of 50% methanol containing 0.05% for-
mic acid in water at a flow rate of 0.2 mL/min. The ion
transitions were scanned in the positive ionization mul-
tiple reaction monitoring mode for naldemedine,
m/z = 571.65/369.10, and for IS, 350.40/219.15. The
linearity (r > 0.999) of the calibration curve was
observed over the range of 0.125–5 ng/mL. The lower
limit of quantification (LLOQ) of naldemedine was
0.125 ng/mL. The intra-day and inter-day accuracy of
naldemedine was 98.9–105.6%, while their imprecision
was 2.3–9.1%.

2.4 | Measurement of plasma 4β-
hydroxycholesterol

The plasma level of 4β-OHC was quantified by LC–
MS/MS using a modified method [11]. Analytes were
separated using a 3-μm particle size octadecyl silyl col-
umn (TSKgel ODS-100Z, 75 mm length � 2.0 mm inner
diameter, Tosoh, Tokyo, Japan) and isocratic elution of
90% acetonitrile in water at a flow rate of 0.2 mL/min.
Using an atmospheric pressure chemical ionization
probe, the ion transitions were scanned in the positive
ionization multiple reaction monitoring mode for
4β-OHC, m/z = 385.01/109.00, and d7-4β-OHC,
392.30/97.30. The linearity (r = 0.998) of the calibration
curve was observed over the range of 6.25–200 ng/mL.
The LLOQ of 4β-OHC was 6.25 ng/mL. The intra-day
and inter-day accuracy of 4β-OHC was 96.7–106.2%,
while their imprecision was 3.2–11.3%. Serum total
cholesterol was determined using an enzyme assay
(Cholesterol E-Test Wako, FUJIFILM Wako Pure
Chemical Corporation, Osaka, Japan). The LLOQ for
serum total cholesterol was 2.2 mg/dL.

2.5 | Genotyping

Genomic DNA was extracted from whole blood cell
using DNA Extractor WB Kit (FUJIFILM Wako Pure
Chemical Corporation) and stored at �20�C. The single
nucleotide polymorphisms of CYP3A5 c.6986A > G
(rs776746), ABCB1 c.1236C > T (rs1128503),
c.2677G > T (rs2032582), c.3435C > T (rs1045642),
OPRM1 c.118A > G (rs1799971), and COMT p.-
Val158Met (rs4680) were identified using a real-time
polymerase chain reaction with TaqMan probes on Ste-
pOne Plus Real-Time PCR System (Thermo Fisher
Scientific, Waltham, MA, USA). Genotyping was con-
ducted in multiple batches at an experimental labora-
tory in Hamamatsu University Hospital. All the
frequencies of genotypes were in Hardy–Weinberg
equilibrium (P > 0.05) using the chi-squared test
(ABCB1 C1236T, G2677T, C3435T, and OPRM1
A118G) and the Fisher’s exact test (CYP3A5 A6986G
and COMT Val158Met). The patients with CYP3A5*1/
*1 or *1/*3 were classified into one group of patients
with CYP3A5*1 allele in the analysis. The homozygous
variants of the 3 ABCB1 genotypes (1236TT-2677TT-
3435TT) were defined as ABCB1 triple TT diplotype.
Patients were divided into two groups (wild type and
mutant) in the OPRM1 and COMT analyses.

2.6 | Evaluation of cancer cachexia

Serum levels of IL-6 and α1-acid glycoprotein (AGP)
were measured using enzyme-linked immunosorbent
assay (ELISA) kits from BioLegend Inc. (San Diego,
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CA, USA) and R&D Systems, Inc. (Minneapolis, MN,
USA), respectively. The LLOQ for serum IL-6 and AGP
were 1.6 pg/mL and 3.13 mg/dL, respectively. The
serum level of C-reactive protein (CRP) was obtained
from the electronic medical records of each patient at
the day of blood sampling used for the quantification of
plasma naldemedine. The degree of cancer cachexia
was measured using the guideline recommended by
EPCRC and Glasgow prognostic score (GPS) [25, 26].

2.7 | Outcomes

The outcome of this study is plasma naldemedine con-
centration and bowel movements. Bowel movements
were assessed by three ways: (1) spontaneous bowel
movement (SBM) responders (defined as a patient with
an SBM per week frequency of at least 3 and an aver-
age increase in frequency of SBMs per week from
baseline by at least 1) [5]; (2) SBM during the 1 week
period around blood sampling (patients were divided
into two groups according to the SBM in the week [<4
or ≥4 times]); and (3) the incidence of diarrhea. Twelve
patients were excluded from the analysis of SBM
responders due to the lack of baseline data. Diarrhea
was evaluated by CTCAE 5.0 and the Bristol scale.
Patient data on the occurrence of diarrhea and opioid
withdrawal syndrome were collected for 1 week around
the time of blood sampling from their electronic medical
records. Common biochemical test values were
obtained from the electronic medical records of each
patient at the day of blood sampling. Bowel movements
were recorded by medical staff independent of
research team.

2.8 | Statistical analysis

The correlations between plasma naldemedine and
continuous parameters (biochemical test values, IL-6,
and AGP) were evaluated using the non-parametric
Spearman test, and its rank correlation coefficient was
described as rs. The difference in plasma naldemedine
between genotypes, cachexia status, concomitant
drugs, and the patients with and without clinical
response were compared using the Kruskal–Wallis test
and the Mann–Whitney U test. The Mann–Whitney
U test is also used to compare differences in 4β-OHC/
TC by CYP3A5*3 and in inflammatory marker levels by
cachexia status. Univariate logistic regression was per-
formed to investigate associations of SBM responder
with explanatory valuables: plasma naldemedine,
CYP3A5*3/*3, OPRM1 c.118A > G, COMT p.-
Val158Met, date of starting naldemedine administra-
tion, and concomitant other laxatives, GPS 2, and
concomitant antacids. Multiple logistic regression
(forced entry model) was conducted to evaluate the

effect of plasma naldemedine on the clinical response
adjusted for OPRM1 c.118A > G, COMT p.-
Val158Met, and date of starting naldemedine
administration. The following factors (CYP3A5*3/*3,
Co-administration of other laxatives, GPS 2, and Con-
comitant antacids) were excluded from the multivariate
analysis because these factors were directly related to
plasma naldemedine concentration. In order to reveal
the contribution of antacids and cachexia on plasma
naldemedine and SBM response, plasma naldemedine
and SBM responder rates were evaluated in four
groups as follows: (1) GPS 2 with antacids; (2) GPS
0–1 with antacids; (3) GPS 2 without antacids; and
(4) GPS 0–1 without antacids. Receiver operating char-
acteristic curve analysis was conducted to determine
the cut-off value of plasma naldemedine for SBM with
optimum sensitivity and specificity. A two-sided
P value < 0.05 was considered statistically significant.
All statistics were analyzed using IBM SPSS Statistics,
ver. 26 (IBM Japan Ltd., Tokyo). Target sample sizes
for correlation analysis is 26 according to statistical
power analysis with effect size of 0.5, statistical power
of 0.8, and a significance level of 0.05 using G
power ver. 3.1 (Heinrich-Heine-Universität Düsseldorf,
Düsseldorf, Germany). All the analyses included
48 patients enrolled in this study, with the exception of
the SBM responder analysis. The SBM responder anal-
ysis was performed in 36 patients, excluding 12 patients
for whom SBM response was difficult to be detected
due to lack of baseline bowel movements data.

3 | RESULTS

3.1 | Patient characteristics

This study population (median age, 71 years) had low
serum levels of albumin (median, 31 g/L) and total pro-
tein (median, 62 g/L) and a low body mass index
(median, 20.4) (Table 1). The patients were suffering
from the following; head and neck cancer (n = 12), lung
cancer (n = 10), colorectal cancer (n = 3), esophageal
cancer (n = 3), ovarian cancer (n = 3), cancer of the
renal pelvis and ureter (n = 3), and other types of can-
cer (n = 14). Thirty patients were co-administered laxa-
tives such as magnesium oxide (n = 21), linaclotide
(n = 5), lubiprostone (n = 5), and elobixibat (n = 4).
Nine of these patients were taking two laxatives in addi-
tion to naldemedine.

3.2 | Interindividual variation in plasma
naldemedine

The absolute concentration of plasma naldemedine
ranged from 125 pg/mL to 4.38 ng/mL (median,
1.12 ng/mL). The median and interquartile range (IQR)
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of dose and body weight-adjusted concentrations were
320 and 136–559 ng/mL per mg/kg, respectively. The
serum total protein level was correlated with the plasma
naldemedine concentration (rs = 0.353, P = 0.014). No
difference was observed between the plasma naldeme-
dine concentration and other major biochemical test
values including serum albumin (rs = 0.201, P = 0.171)
(Table S1). The patients with concomitant use of

aprepitant showed a higher plasma naldemedine con-
centration (P = 0.042). Concomitant use of antacids
(a proton pump inhibitor or histamine H2 receptor
antagonist) and magnesium oxide decreased plasma
naldemedine concentration (P = 0.028 and P = 0.017,
respectively).

3.3 | Relationship with CYP3A5 and
ABCB1 genotypes

Genotyping was attempted at 48 patients enrolled in
this study, and no genotyping error was observed. The
plasma concentration of naldemedine was higher in
the patients with CYP3A5*3/*3 than in those with *1
allele (P = 0.038) (Figure 1). Significant differences
were not observed in the plasma naldemedine concen-
tration between the ABCB1 C1236T, G2677T, and
C3435T genotypes. ABCB1 triple TT diplotype was not
also associated with the plasma concentration of nalde-
medine (P = 0.924).

3.4 | Associations with plasma 4β-OHC

The median and IQR of the plasma 4β-OHC level were
33 and 26–50 ng/mL, respectively. The plasma 4β-
OHC level and serum total cholesterol normalized
plasma 4β-OHC level (4β-OHC/TC) were lower in
patients with CYP3A5*3/*3 than in those with *1 allele
(P < 0.001 in both cases) (Figure 2). The plasma con-
centration of naldemedine was negatively correlated
with the plasma 4β-OHC level (rs = �0.322, P = 0.025)
and 4β-OHC/TC (rs = �0.294, P = 0.043). Gender was
not associated with plasma 4β-OHC or naldemedine
(P = 0.309 and P = 0.425, respectively).

3.5 | Relationship with cancer cachexia

The serum levels of IL-6 and CRP were higher in
patients with refractory cachexia than in those with pre-
cachexia and cachexia (P = 0.011 and P = 0.001,
respectively, Table S2). Although a statistically signifi-
cant difference was not observed, the serum AGP level
was also higher in refractory cachexia (P = 0.057). The
patients with GPS 2 had higher levels of serum IL-6
(P < 0.001), CRP (P < 0.001), and AGP (P = 0.010)
than those with GPS 0–1. The plasma naldemedine
concentration was lower in patients with refractory
cachexia than in those with precachexia and cachexia
(P = 0.047) (Figure 3). GPS was not statistically asso-
ciated with the plasma naldemedine concentration. The
plasma naldemedine concentration was not directly
associated with the serum levels of IL-6 (rs = �0.156,
P = 0.289), CRP (rs = �0.029, P = 0.843), and AGP
(rs = 0.116, P = 0.433).

TAB LE 1 Characteristics of the study patients.

(A) Physical status and biochemical tests

Gender, male/female, n 37/11

Age, years 71 (61–74)

Body weight, kg 54 (49–61)

Body mass index 20.4 (18.7–22.6)

Serum albumin, g/L 31 (28–35)

Serum total protein, g/L 62 (58–67)

Serum total bilirubin, mg/dL 0.5 (0.4–0.7)

Serum aspartate aminotransferase, U/L 25 (17–38)

Serum alanine aminotransferase, U/L 21 (11–36)

Serum alkaline phosphatase, U/L 109 (86–177)

Serum creatinine, mg/dL 0.8 (0.6–1.0)

Serum blood urea nitrogen, mg/dL 16.6 (12.0–22.9)

(B) Cancer and treatment-related status and genotype

Stages of cancer, ≤2/3/4 5/7/36

Serum C-reactive protein, mg/dL 3.90 (1.75–8.67)

Concomitant baseline opioid analgesics, n

Morphine/oxycodone/fentanyl/others 13/28/4/3

Oral morphine equivalent dose of opioids, mg 45 (20–60)

Duration of naldemedine administration,
<14/14–28/>28 days, n

28/7/13

Date of starting naldemedine administration,
n

Within 2 days after opioid initiation 28

3 days or later after opioid initiation 20

Number of co-administrations of other
laxatives, 0/1/2

18/21/9

Concomitant drugs, n

Aprepitant/Antacids (PPI or H2RA)/
Glucocorticoid

7/27/17

Distribution of genetic polymorphisms, n

CYP3A5, *1/*1, *1/*3, *3/*3 1, 16, 31

ABCB1, 1236CC, 1236CT, 1236TT 6, 25, 17

ABCB1, 2677GG, 2677GT, 2677TT 17, 17, 14

ABCB1, 3435CC, 3435CT, 3435TT 18, 21, 9

OPRM1, 118AA, 118AG, 118GG 20, 20, 8

COMT, 158Val/Val, 158Val/Met, 158Met/
Met

23, 19, 6

Note: Biochemical test values were obtained on the day of blood sampling.
Data are expressed as the median and interquartile range in parentheses.
Abbreviations: COMT, catechol-O-methyltransferase; H2RA, histamine
H2-receptor antagonist; OPRM1, μ1-opioid receptor; PPI, proton pump
inhibitor.
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3.6 | Factors related to bowel
movements and adverse effects

Analysis of SBM responder was conducted in
36 patients. Absolute plasma naldemedine was higher
in the SBM responder group than in the non-responder
group (P = 0.047, Figure S1). The area under the
receiver operating characteristic curve of absolute
plasma naldemedine for SBM was 0.694 (95% confi-
dence interval: 0.522–0.866, P = 0.046). The cut-off
value of absolute plasma naldemedine was 1.26 ng/mL

in the curve and its sensitivity and specificity were 61%
and 72%, respectively. A high absolute concentration
of plasma naldemedine and the presence of
CYP3A5*3/*3 increased the number of SBM
responders in univariate analysis (Table 2). Being an
SBM responder was not related to OPRM1 and COMT
genotypes. Starting naldemedine administration within
2 days after opioid treatment increased the number of
SBM responders. GPS 2 and concomitant antacids
were not associated with the number of SBM
responders in the univariate regressions. Figure S2

F I GURE 1 Plasma naldemedine
between each genotype of CYP3A5 and
ABCB1. The horizontal line indicates
genotype of CYP3A5*3 (a), ABCB1 C1236T
(b), ABCB1 G2677T (c), and ABCB1
C3435T (d). Box plots represent the median,
25th, and 75th percentiles. The whiskers
indicate the range and extend within 1.5
times the length of the inner quartiles. The
Mann–Whitney U test was used in (a) and
(b), and the Kruskal–Wallis test was used in
(c) and (d).

F I GURE 2 Association of plasma 4β-
hydroxycholesterol (4β-OHC) with CYP3A5
genotype (a) and plasma naldemedine (b).
Difference in plasma 4β-OHC between
CYP3A5*3 genotypes was analyzed using
the Mann–Whitney U test. The correlations
between 4β-OHC and plasma naldemedine
were evaluated using Spearman’s rank
correlation coefficient test.
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showed that the median plasma naldemedine was simi-
lar in patients who took antacids with GPS 0–1 and
those who did not take antacids with GPS 2, but that
SBM responder rate tended to decrease in patients with
antacids. The associations of bowel movements
with opioid and cancer types were described in
Table S3. After adjustment for covariate, plasma nalde-
medine and starting naldemedine within 2 days of opi-
oid initiation increased the number of SBM responders.
None of the above factors was related to SBM of ≥4
times per week (Tables S4, S5). Diarrhea (≥grade 1) or
loose stool (Bristol scale ≥ 6) was observed in 14.6%
patients. No difference was observed in the absolute
concentration of plasma naldemedine between patients
with or without diarrhea. Opioid withdrawal syndrome
was not observed in this study.

4 | DISCUSSION

Naldemedine efficacy and adverse effects varied in
advanced cancer patients. This study investigated the

impacts of genetic polymorphisms and cancer cachexia
on plasma naldemedine and its clinical responses.
Plasma naldemedine was higher in patients with
CYP3A5 impairment, while it decreased with the pro-
gression of cachexia. The plasma concentration of nal-
demedine and the timing of starting its administration
were associated with bowel movements under OIC.
These findings suggest that plasma naldemedine,
related to CYP3A5 genotype, in addition to the timing of
naldemedine initiation, need to be considered in OIC
management using naldemedine. To the best of our
knowledge, this is the first report that has characterized
naldemedine pharmacokinetics and efficacy from the
aspects of CYP3A5 genotype and cachexia status.

Plasma naldemedine differed approximately fourfold
between individuals according to the IQR value. The
enrolled patients had a median plasma naldemedine
concentration of 1.1 ng/mL at 24 h after dosing. A pop-
ulation pharmacokinetic model including healthy sub-
jects of several races showed a mean plasma
naldemedine concentration of approximately 0.5 ng/mL
at 24 h after dosing [27]. In the present study, seven

F I GURE 3 Plasma naldemedine
between cachexia status (a) and Glasgow
prognostic score (GPS) (b). Box plots
represent the median, 25th, and 75th
percentiles. The whiskers indicate the range
and extend within 1.5 times the length of the
inner quartiles. The Mann–Whitney U test
was used.

TAB LE 2 Univariate and multivariate analyses of spontaneous bowel movement (SBM) responders.

Univariate analysis Multivariate analysis

OR 95%CI P value OR 95%CI P value

Plasma absolute naldemedine, ng/mL 2.30 1.02–5.20 0.045 3.58 1.13–11.4 0.030

CYP3A5, *3/*3 4.38 1.03–18.6 0.046

OPRM1, 118AG + 118GG 0.509 0.135–1.92 0.319 0.586 0.091–3.79 0.574

COMT, 158Val/Met + 158Met/Met 0.308 0.077–1.23 0.096 0.153 0.019–1.22 0.076

Starting naldemedine within 2 days of opioid initiation 12.3 2.55–59.0 0.002 17.3 2.27–131 0.006

Co-administration of other laxatives 0.127 0.027–0.606 0.010

GPS 2 2.08 0.519–8.34 0.301

Concomitant antacids 0.564 0.285–1.12 0.100

Note: Binary logistic regression (forced entry method) was used in multivariate analysis. The following factors (CYP3A5*3/*3, co-administration of other laxatives,
GPS 2, and concomitant antacids) were excluded from the multivariate analysis because these factors were related to plasma naldemedine concentration.
Abbreviations: CI, confidence interval; COMT, catechol-O-methyltransferase; CYP, cytochrome P450; GPS, Glasgow prognostic score; OPRM1, μ1-opioid receptor;
OR, odds ratio.
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patients treated with concomitant aprepitant, a mild-
to-moderate CYP3A4 inhibitor [28], had a higher
plasma naldemedine. The enrolled cancer patients
may have cancer-derived nutritional disorders and
inflammation due to their serum total protein and CRP
levels. Our data suggest that the study population has
some factors that cause the fluctuation of plasma nal-
demedine in patients with cancer.

Plasma naldemedine was approximately twofold
higher in patients with the homozygous CYP3A5*3
allele than in those with the homozygous or heterozy-
gous *1 allele. The *3/*3 allele is associated with com-
plete loss of CYP3A5 activity, and the patients with
CYP3A5*3/*3 had a twofold higher concentration of
CYP3A5 substrates [29, 30]. These data indicate the
predominant contribution of CYP3A5 to naldemedine
metabolism in cancer patients. Since the allele fre-
quency of CYP3A5*3 in the Japanese population is
approximately 0.7 [31], the genotype is potentially
responsible for the large variation in plasma naldeme-
dine in our study. Lower CYP3A activity in patients with
homozygous CYP3A5*3 was confirmed by plasma 4β-
OHC. These data support the possibility that the
CYP3A5 genotype is one of the factors determining an
individual concentration of plasma naldemedine.

ABCB1 genetic polymorphisms were not factors
related to interindividual variation of plasma naldeme-
dine in this study population. Several studies have
reported that each ABCB1 genotype and its 1236TT-
2677TT-3435TT diplotype were associated with high
concentrations of P-gp substrates [32–34]. Increased
naldemedine exposure with a concomitant P-gp inhibi-
tor was considered to be due to decreased intestinal
absorption [12]. With regard to absorption, it has been
reported that absorption of weak basic drug is reduced
due to decreased solubility [35]. Given that naldeme-
dine has acid dissociation constants of 5.4 and 9.5, a
lower plasma naldemedine in patients with concomitant
antacids may be caused by poor solubility in the intes-
tine. In our study population, factors such as concomi-
tant antacids and magnesium oxide might be
considered to override the genetic impacts on
absorption. Our data suggest that the impacts of
ABCB1 genotypes on OIC management are negligible
from the viewpoint of naldemedine exposure.

Plasma naldemedine decreased with the progres-
sion of cachexia in this study. Chronic inflammation in
cachexia has been shown to cause the downregulation
of CYP3A4 and P-gp expression [36, 37]. High serum
IL-6 and acute-phase proteins in the enrolled patients
indicated a highly inflammatory condition. These data
contradicted our hypothesis that plasma naldemedine
increases with the progression of cachexia due to
reduced CYP3A4 and P-gp activity. Serum IL-6 in the
enrolled patients (median, 36 pg/mL) was less involved
in the reduction of CYP3A5 activity on the basis of the
half-maximal inhibitory concentration of CYP3A5 [38].

Since neither serum albumin nor AGP was associated
with plasma naldemedine, the variation in protein bind-
ing that contributed to excretion was considered to be
irrelevant to plasma naldemedine. Advanced cancer
patients had a lower concentration of plasma ghrelin, a
hormone related to gastric acid secretion [39]. Cachec-
tic patients with decreased ghrelin might have a low
intestinal absorption due to weakened intestinal
acidity.

A high plasma naldemedine concentration was
responsible for the improvements of bowel movement
in this study. An earlier study reported the
dose-dependent efficacy of naldemedine on bowel
movements [22]. CYP3A5*3/*3, related to plasma nal-
demedine, was also involved in the high frequency of
SBM responders. OPRM1 c.118A > G and COMT p.-
Val158Met decreased the affinity and expression of
OPRM1 [40, 41]. In the present study, these variants
might have had little effect on naldemedine binding to
OPRM1 and did not affect the naldemedine efficacy.
Earlier naldemedine administration after starting opioid
analgesics is needed to obtain an improvement in defe-
cation, which is consistent with earlier reports [42].
Lower SBM responders among patients with concomi-
tant laxatives reflected lower plasma naldemedine
caused by magnesium oxide. According to the results
in Figure S2, concomitant antacids may have greater
effect on plasma naldemedine and bowel movements
than decreased ghrelin secretion in cachexia. Risk fac-
tors for adverse effects were not identified in this study.
Our data support the idea that naldemedine appears to
be relatively safe to use in patients with advanced
cancer.

This study has several limitations. First, most of the
enrolled patients were in advanced cachexia. More
than 70% of the patients had a GPS of 2, and albumin
and CRP in patients with a GPS of 1 were mostly near
the borderline values. GPS was not appropriate to
detect cachexia in this study. A comparison with
healthy volunteers would reveal the impact of cachexia
on naldemedine pharmacokinetics. Second, a sample
size of this study was small and a statistical power in
Mann–Whitney U test was low. Since there were under-
lying risks of missing statistically significant differences
in the present study, further study with a larger sample
size might reveal the impact of ABCB1 genotypes on
plasma naldemedine. Third, confounding factors
related to defecation were not fully excluded. The
enrolled patients had various types of cancer, and
approximately half of the patients received individual-
ized cancer chemotherapies. Cancer types, chemother-
apy, and opioid types commonly influence constipation
rate. Stratified analysis with a large number of patients
would provide more information about the relation
between plasma naldemedine and bowel movements
for each cancer type or concomitant drug. Fourth, blood
sampling was conducted at only one point at 24 h after
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dosing. Although the area under the curve is an ideal
marker of plasma exposure to drugs, one point in the
elimination phase is used as a minimally invasive surro-
gate marker of drug clearance. Further studies, includ-
ing systemic drug exposure analyses, may lead to a
better understanding of the interindividual variations in
clinical responses to naldemedine.

Our observation study suggests that naldemedine
can be used safely in cachectic cancer patients. In con-
trast, cachexia staging for naldemedine-treated cancer
patients might reveal a lower naldemedine exposure.
To date, naldemedine dosing is commonly fixed without
dose-adjustment in cancer patients. SBM is expected
to be obtained at a pre-dose plasma naldemedine con-
centration of > 1.3 ng/mL. The homozygous CYP3A5*3
patients had a higher naldemedine exposure. CYP3A5
genotyping potentially leads to a better clinical
response to naldemedine in *1 allele carriers by
increasing its dose. In addition, concomitant use of
aprepitant or antacids is potentially involved in the
excessive or poor response to naldemedine. Concomi-
tant use of magnesium oxide has a potential risk of
poor clinical response, although it is usually used with
naldemedine as a laxative. Further intervention studies
is needed to verify the clinical implications of cachectic
staging and CYP3A5 genotyping for OIC management
using naldemedine in cancer patients.

5 | CONCLUSION

Plasma naldemedine increased under decreased activ-
ity of CYP3A5 in cancer patients. Cachectic patients
with a higher serum IL-6 level had a lower plasma nal-
demedine concentration. Plasma naldemedine, related
to CYP3A5 genotype, and the initiation timing of nalde-
medine were associated with bowel movements.
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