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Abstract
Background Naldemedine is a peripherally acting μ-opioid receptor antagonist that is indicated to treat opioid-induced 
constipation.
Objectives To assess the potential for drug-drug interactions between a single oral dose of naldemedine and the oral P-gly-
coprotein inhibitor cyclosporine, cytochrome P450 (CYP) 3A inhibitors itraconazole and fluconazole, and CYP3A inducer 
rifampin.
Methods Three Phase 1, open-label studies were conducted in healthy subjects. In the P-glycoprotein inhibitor study, subjects 
received naldemedine 0.4 mg alone or coadministered with cyclosporine 600 mg. In the CYP3A inhibitors study, subjects 
in separate cohorts received naldemedine 0.2 mg alone or with itraconazole or fluconazole. In the CYP3A inducer study, 
subjects received naldemedine 0.2 mg alone or with rifampin 600 mg. Geometric mean ratios and 90 % confidence intervals 
were used to evaluate the effects of coadministered drugs on naldemedine maximum plasma concentration (Cmax) and the 
area under the concentration-time curve (AUC). Safety assessments included occurrence of adverse events (AEs), laboratory 
parameters, vital signs, and electrocardiography results.
Results A total of 56 subjects were enrolled (n = 14 in each cohort). Cyclosporine increased naldemedine AUC 0–inf 1.78-fold 
and Cmax 1.45-fold. Itraconazole and fluconazole increased naldemedine AUC 0–inf 2.91-fold and 1.90-fold, and Cmax 1.12-
fold and 1.38-fold, respectively. Rifampin decreased naldemedine AUC 0–inf by 83% and Cmax by 38%. Across studies, AEs 
were generally mild. Laboratory, vital sign, or electrocardiogram assessments produced no clinically significant findings.
Conclusions Coadministration of naldemedine with a P-glycoprotein inhibitor or a strong/moderate CYP3A inhibitor 
increases naldemedine exposure; coadministration with a strong CYP3A inducer decreases its exposure. Coadministration 
of naldemedine with cyclosporine, itraconazole, fluconazole, or rifampin was generally safe and well tolerated.

Plain Language Summary
Naldemedine is a targeted medication approved in the USA, Europe, and Japan for the treatment of opioid-induced constipa-
tion. Symptoms of constipation may include passing fewer stools than usual, having lumpy or hard stools, and/or straining 
to have bowel movements. In some cases, these symptoms are side effects of regular opioid use, which is often medically 
necessary for the management of moderate-to-severe pain. For naldemedine to be prescribed safely, doctors must know 
what other medications a patient is taking and how these medications may affect one another. This is commonly known as 
drug-drug interactions. Some drug-drug interactions may decrease how well a medication works, while other drug-drug 
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interactions may increase the side effects experienced by a patient. In this paper, researchers report the results of three Phase 
1 studies in healthy subjects examining how naldemedine interacts with other drugs. The drugs chosen for investigation 
are commonly evaluated in DDI studies and may affect the transport or metabolic pathway of naldemedine, including the 
P-glycoprotein inhibitor cyclosporine, the CYP3A inhibitors itraconazole and fluconazole, and the CYP3A inducer rifampin. 
These studies demonstrate that co-administration of naldemedine with each of these drugs impacted the pharmacokinetics 
of naldemedine. Cyclosporine, itraconazole, or fluconazole all increased naldemedine exposure, while rifampin decreased 
naldemedine exposure. For all drug combinations, observed side effects were generally mild and well tolerated. Additional 
testing, including vital signs and heart monitoring, did not reveal any other safety concerns. In conclusion, these findings 
support the cautious use of naldemedine in combination with cyclosporine, itraconazole or fluconazole. Concomitant use 
with rifampin should be avoided. 

Key Points 

Coadministration of naldemedine with a P-gp inhibitor 
(cyclosporine) or CYP3A inhibitors (itraconazole or 
fluconazole) increased naldemedine exposure

Coadministration of naldemedine with a CYP3A inducer 
(rifampin) decreased naldemedine exposure

Single doses of naldemedine were generally safe and 
well tolerated in healthy subjects when naldemedine was 
administered alone or in combination with cyclosporine, 
itraconazole, fluconazole, or rifampin

1 Introduction

Opioid-induced constipation (OIC) is a side effect that 
occurs in 40% to > 90% of patients taking opioid analge-
sics for the management of moderate-to-severe chronic pain 
[1–3]. The features of OIC include reduced bowel movement 
frequency, increased straining to pass bowel movements, 
sensations of incomplete rectal evacuation, or harder stool 
consistency [4]. The symptoms of OIC can be debilitating, 
often having profoundly negative effects on patients’ qual-
ity of life and causing many patients to discontinue opioid 
analgesics or reduce their dose of opioid medication [5, 6].

Unlike other side effects, such as nausea, vomiting, and 
somnolence, that diminish over time, OIC is persistent, and 
can increase in severity and prevalence with duration of 
treatment [1, 5, 7, 8]. Although many patients attempt to 
manage their OIC using lifestyle modifications and over-
the-counter laxatives and stool softeners, they may find 
that these therapies have limited efficacy. Conventional 
treatments do not target the underlying pathophysiology of 
enteric µ-opioid receptor activation, which can increase fluid 
absorption, delay gastric emptying, and prolong intestinal 
transit time [7–10].

Naldemedine  (Symproic®: Shionogi & Co., Ltd., Osaka, 
Japan, and BioDelivery Sciences International, Inc. Raleigh, 
NC;  Rizmoic®: Shionogi & Co., Ltd. Osaka, Japan) is a 
peripherally acting μ-opioid receptor antagonist (PAMORA) 
approved for the treatment of OIC in adults with chronic 
noncancer pain (USA and Japan), in adults with cancer pain 
(Japan), and in adults who have previously been treated with 
a laxative (EU) [11–14]. Naldemedine is an amide deriva-
tive of the opioid receptor antagonist naltrexone that has 
increased molecular weight and polar surface area and acts 
as a substrate of the P-glycoprotein (P-gp) efflux transporter 
[15, 16]. These molecular features of naldemedine limit its 
potential to cross the blood–brain barrier and penetrate the 
central nervous system to disrupt opioid analgesia [17, 18].

Naldemedine is primarily metabolized by cytochrome 
P450 3A4 (CYP3A4) to form nor-naldemedine [15, 17]. In 
a Phase 1 study in 12 healthy male subjects who received 
single oral 2-mg doses of [oxadiazole-14C]-naldemedine or 
[carbonyl-14C]-naldemedine, nor-naldemedine accounted for 
9–13% of the systemic exposure of unchanged naldemedine 
[16].

Given the clinical importance of the P-gp transporter and 
CYP3A in drug-drug interactions [19] and the knowledge 
that naldemedine is a substrate of P-gp and is metabolized by 
CYP3A [15, 16], clinicians should understand the potential 
for drug-drug interactions between naldemedine and P-gp 
inhibitors, CYP3A inhibitors, and CYP3A inducers. The 
current study evaluated the effects of coadministration of the 
P-gp inhibitor cyclosporine, the CYP3A inhibitors itracona-
zole and fluconazole, and the CYP3A inducer rifampin on 
the pharmacokinetics of a single oral dose of naldemedine 
as a substrate in healthy subjects.

2  Methods

Three Phase 1, open-label, drug-drug interaction studies 
were conducted between February 2012 and June 2015 to 
determine the effects of a P-gp inhibitor, CYP3A inhibi-
tors, and a CYP3A inducer on the pharmacokinetics of 
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naldemedine in healthy adult subjects. The protocols 
and amendments for all three studies were reviewed and 
approved by appropriate institutional review boards in 
accordance with US Food and Drug Administration guide-
lines, International Conference on Harmonization (ICH) 
Good Clinical Practice (GCP) guidelines, and local require-
ments, as applicable. All three studies were conducted 
in accordance with the Declaration of Helsinki and GCP 
according to ICH guidelines. Prior to enrollment, all subjects 
were informed of and provided written consent.

2.1  Participants

The cyclosporine P-gp inhibitor study included healthy male 
subjects aged 18–55 years with a body mass index (BMI) 
of ≥ 22.0 and < 30 kg/m2 and bodyweight ≥ 50 kg. The itra-
conazole and fluconazole CYP3A inhibitors study included 
Japanese healthy male and female subjects aged 20–55 years 
with a BMI of ≥ 18.0 and < 25 kg/m2. The rifampin CYP3A 
inducer study included healthy male and female subjects 
aged 18–55 years with a BMI of ≥ 18.0 and ≤ 30 kg/m2.

All three studies included normotensive subjects with no 
medical histories of significant metabolic, hepatic, renal, 
hematological, pulmonary, cardiovascular, gastrointestinal, 
urological, neurological, or psychiatric disorders; gastroin-
testinal surgeries; or clinically significant abnormal labora-
tory test results or electrocardiogram (ECG) measurements. 
Subjects were excluded for medical histories of anaphylaxis 
or significant food or drug allergies; alcoholism or substance 
abuse within 6 months (for CYP3A inhibitor or inducer 
studies) or 1 year (P-gp inhibitor study) prior to screen-
ing; testing positive for human immunodeficiency virus, 
hepatitis B surface antigen, or hepatitis C virus; or positive 
screening results for drugs of abuse or cotinine use. Subjects 
were excluded if they used tobacco or nicotine-containing 
products within 6 months prior to admission; medications 
that were potential P-gp and/or CYP3A inducers within 28 
days prior to admission or potential P-gp and/or CYP3A 
inhibitors within 28 days (P-gp inhibitor study) or 14 days 
(CYP3A inhibitors and inducer studies); any prescription 
or non-prescription drugs or dietary supplements within 14 
days prior to admission; use of alcohol- or caffeine-contain-
ing products or acetaminophen within 72 h prior to admis-
sion; or grapefruit-containing products within 72 h (P-gp 
inhibitor study) or 7 days (CYP3A inhibitors and inducer 
studies) prior to admission.

2.2  Study Designs

2.2.1  P‑gp Inhibitor Study

This was a single-center, open-label, 2-way crossover study 
in the USA to evaluate the effects of cyclosporine on the 

pharmacokinetics of naldemedine in fasting, healthy, male 
subjects. The study consisted of a 28-day screening, after 
which subjects were assigned to 1 of 2 treatment sequences. 
In Sequence 1, subjects received 0.4 mg of oral naldemedine 
alone on Day 1, and 0.4 mg of oral naldemedine coadmin-
istered with 600 mg of cyclosporine (Cyclosporine Oral 
Solution US Pharmacopeia Modified, TEVA Pharmaceuti-
cals USA, Inc., North Wales, PA) on Day 15. In Sequence 
2, subjects received 0.4 mg of naldemedine coadministered 
with 600 mg of cyclosporine on Day 1, and 0.4 mg of nal-
demedine alone on Day 15. Follow-up safety assessments 
were performed on Day 16 to Day 18, and an end-of-study 
visit (Day 28 ± 2 days) occurred 10 ± 2 days after the date of 
discharge. Pharmacokinetic blood sampling for naldemedine 
was performed pre-dose and at 0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 
2.5, 3.0, 4.0, 5.0, 6.0, 8.0, 10.0, 12.0, 24.0, 36.0, 48.0, 60.0, 
and 72.0 hours post-dose on Day 1 and Day 15. Plasma sam-
ples were stored at ≤ − 70 °C.

2.2.2  CYP3A Inhibitors Study

This was a single-center, open-label, 1-sequence, 2-period 
crossover study in Japan to evaluate the effects of itracona-
zole (strong CYP3A inhibitor; Cohort 1) and fluconazole 
(moderate CYP3A inhibitor; Cohort 2) on the pharmacoki-
netics of naldemedine in fasting, healthy subjects. The study 
consisted of a 28-day screening followed by 2 treatment 
periods (Day 1 to Day 4 and Day 5 to Day 12, respectively).

In Cohort 1, subjects received a single oral dose of nal-
demedine 0.2 mg on Day 1. On Day 5, subjects received 
oral itraconazole  (Itrizole®, Janssen Pharmaceutical K.K., 
Tokyo, Japan) 200 mg twice daily dose (BID). On Day 6 
through Day 8, subjects received itraconazole 200 mg once 
daily dose (QD). On Day 9, subjects received naldemedine 
0.2 mg coadministered with itraconazole 200 mg. On Day 
10 and Day 11, subjects received itraconazole 200 mg QD.

In Cohort 2, subjects received a single oral dose of nalde-
medine 0.2 mg on Day 1. On Day 5, subjects received oral 
fluconazole  (Diflucan®, Pfizer Japan Inc., Tokyo, Japan) 400 
mg QD. On Day 6 through Day 8, subjects received flucona-
zole 200 mg QD. On Day 9, subjects received naldemedine 
0.2 mg coadministered with fluconazole 200 mg. On Day 
10 and Day 11, subjects received fluconazole 200 mg QD.

In both cohorts, safety assessments were performed 
throughout the study until an end-of-study visit on 
Day 26 ±2. Pharmacokinetic whole-blood sampling (3 mL 
in sodium heparin tubes) for naldemedine was performed 
pre-dose and at 0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 
5.0, 6.0, 8.0, 10.0, 12.0, 24.0, 36.0, 48.0, 60.0, and 72.0 h 
post-dose on Day 1 and Day 9. Plasma samples were stored 
at ≤ − 70 °C.
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2.2.3  CYP3A Inducer Study

This was a single-center, open-label, 1-sequence, crossover 
study in the USA to evaluate the effects of repeated oral 
rifampin administration on the pharmacokinetic of nalde-
medine in healthy subjects. Following a 28-day screening, 
all subjects received a single oral dose of naldemedine 0.2 
mg on Day 1 and Day 18 and once-daily doses of rifampin 
600 mg  (RIFADIN®, Lannett Company Inc., Philadelphia, 
PA) consecutively on Day 4 through Day 20. On Day 18, 
rifampin was co-administered with naldemedine. All doses 
were administered to subjects in the morning in the fasted 
state. On Day 1 and Day 18, subjects remained fasted 
through 4 hours post-dose. Safety assessments were per-
formed throughout the study until the end-of-study visit on 
Day 35 ± 2. Whole-blood samples (4 mL in sodium heparin 
tubes) for the determination of naldemedine plasma con-
centrations were obtained pre-dose and at 0.25, 0.5, 0.75, 
1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 5.0, 6.0, 8.0, 10.0, 12.0 (Days 1 
and 18), 24.0, 36.0 (Days 2 and 19), 48.0, 60.0 (Days 3 and 
20), and 72.0 hours (Days 4 and 21) post-Day 1 and Day 18 
doses. Plasma samples were stored at ≤ − 70 °C.

2.3  Bioanalytical Assessments

Plasma concentration levels of naldemedine were deter-
mined by liquid chromatography coupled with tandem 
mass spectrometry methods using a SCIEX API 5000 mass 
spectrometer (AB SCIEX, Framingham, Massachusetts) 
systems by Syneos Health, Inc. (Morrisville, NC, USA) 
for the drug-drug interactions studies with cyclosporine 
and rifampin. Stable isotope‐labeled internal standard solu-
tion and 500 mmol/L ammonium formate (pH level: 8.5) 
were added to plasma samples (200 μL) and applied to a 
solid‐phase extraction cartridge (Bond Elute Plexa, 30 mg, 
Varian, St-Laurent, Canada). Naldemedine was extracted 
using methanol, evaporated under nitrogen stream, and dis-
solved with 2 mmol/L ammonium formate/methanol/formic 
acid (85:15:2). Aliquots of plasma (30 μL) extracts were 
injected into the high‐performance liquid chromatography 
system and separated by a reversed-phase column (Atlantis 
d C18 column, 4.6 mm × 50 mm; 3 μm) and reversed phase 
using a gradient elution of mobile phase A (3.3 mmol/L 
ammonium formate/methanol/2-propanol/formic acid 
[60:35:5:2]) and mobile phase B (40 mmol/L ammonium 
formate/methanol/2-propanol/formic acid [5:85:10:2]) at a 
flow rate of 1.0 mL/min. Mass spectrometry was performed 
in the positive electrospray ionization mode, using multiple 
reaction monitoring with m/z transitions of 571 → 368 for 
naldemedine and 577 → 368 for naldemedine‐15Nd5. The 
analytical method was validated at the concentration range 
from 0.01 to 10 ng/mL and dilution reproducibility was con-
firmed up to 20-fold. Precision and accuracy of the method 

were 2.4–7.1 % and 98.6–105.5%, respectively. Plasma nal-
demedine concentration was determined using a previously 
published method by Shin Nippon Biomedical Laborato-
ries, Ltd. (Tokyo, Japan) for the drug-drug interaction stud-
ies with itraconazole and fluconazole [15]. The analytical 
method was validated at the concentration range from 0.01 
to 10 ng/mL and dilution reproducibility was confirmed up 
to 1000-fold. Precision and accuracy of the method were 
4.2–9.7% and 94.7–104.8%, respectively. Plasma samples, 
with concentrations expected to be higher than the upper 
limit of quantification, were diluted with blank plasma 
within the confirmed dilution reproducibility.

2.4  Safety Assessments

Safety assessments performed in all three studies included 
a medical review of adverse events (AEs), treatment-emer-
gent AEs (TEAEs), serious AEs (SAEs), AEs leading to 
drug withdrawal, clinical laboratory test results, vital sign 
measurements, 12-lead ECG measurements, and physical 
examination findings.

2.5  Pharmacokinetic Assessments and Statistical 
Analyses

In all three studies, the pharmacokinetic parameters of nal-
demedine were based on measured naldemedine concen-
trations and calculated using  Phoenix®  WinNonlin® (Cer-
tara, St Louis, MO, USA) software. Calculated parameters 
included maximum observed plasma concentration (Cmax), 
time to Cmax (Tmax), area under the concentration-time curve 
from 0 to the last measurable concentration (AUC 0–last) and 
from 0 to infinity (AUC 0–inf), apparent terminal elimination 
half-life (t1/2,z), apparent elimination rate constant (λz), and 
apparent total clearance (CL/F). AUC was calculated by 
log-linear trapezoidal approach. Statistical analyses were 
conducted using  SAS® (SAS institute, Cary, NC, USA) 
software.

An analysis of variance model was used to compare the 
pharmacokinetic properties of naldemedine when admin-
istered alone versus when administered in combination 
with cyclosporine, itraconazole or fluconazole, or rifampin 
in each of the three studies, respectively. This model con-
sidered treatment as a fixed effect and subject as a random 
effect for the parameters of the logarithm of Cmax, AUC, 
t1/2,z, and CL/F. The ratio of geometric least squares (LS) 
means and the corresponding 90% confidence interval (CI) 
were estimated by exponentiating the mean differences in the 
logarithm. In all studies, 90% CIs for the ratio of geometric 
LS means were used to evaluate the effects of coadminis-
tered drugs on naldemedine Cmax and AUC.
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Missing data were not replaced; all analyses were based 
on observed cases. Naldemedine plasma concentrations that 
were below the lower limit of quantification were treated as 
zero in the mean concentration-time profiles and as missing 
for the calculation of the geometric mean value and geomet-
ric mean coefficient of variation.

3  Results

3.1  Subjects

In the P-gp inhibitor study, 14 subjects were enrolled, and 
12 subjects completed the study. One subject withdrew 
from the study for personal reasons prior to period 2 (nal-
demedine only), and 1 subject was excluded for no longer 
meeting inclusion criteria (i.e. had diastolic blood pressure 
> 90 mmHg) prior to period 2 (naldemedine coadministered 
with cyclosporine). In the CYP3A inhibitors study, 28 sub-
jects (14 in each cohort) were enrolled, and all 28 subjects 
completed the study. In the CYP3A inducer study, 14 sub-
jects were enrolled, and all 14 subjects completed the study. 
Demographic and clinical characteristics of the subjects 
included in each study are shown in Table 1.

3.2  Pharmacokinetics and Safety

Linear and semi-logarithmic plots show mean plasma con-
centrations of naldemedine over time when administered as a 
single oral dose with and without coadministration of cyclo-
sporine (Fig. 1), itraconazole (Fig. 2), fluconazole (Fig. 3), 
and rifampin (Fig. 4). Table 2 shows the pharmacokinetic 
parameters of naldemedine alone and when coadministered 
with each other drug. Statistical comparisons of pharma-
cokinetic parameters are provided in Table 3. A forest plot 
illustrating the Cmax and AUC ratios of naldemedine after 
administration of a single oral dose with and without coad-
ministration of cyclosporine, itraconazole, fluconazole, and 
rifampin is shown in Fig. 5.

3.2.1  Effect of P‑gp Inhibitor Coadministration 
on Naldemedine Pharmacokinetics and Safety

The coadministration of cyclosporine increased naldemedine 
Cmax by 1.45-fold, AUC 0–last by 1.79-fold, and AUC 0–inf by 
1.78-fold, compared with administration of naldemedine 
alone (Table 3). Median naldemedine Tmax was not nota-
bly affected by coadministration of cyclosporine (Table 2). 
The semi-logarithmic naldemedine plasma concentration-
time profiles after Cmax was reached have similar slopes 
for both treatments (Fig. 1), suggesting that the observed 
changes in Cmax and AUC are mainly due to increased oral 

Table 1  Patient demographic and baseline clinical characteristics

ALT alanine aminotransferase, AST aspartate aminotransferase, BMI body mass index, NA not applicable, SD standard deviation
a Values are mean (SD) unless otherwise specified

Parametera P-gp inhibitor study 
(N = 14)

CYP3A inhibitors study CYP3A 
inducer study 
(N = 14)Itraconazole cohort 

(n = 14)
Fluconazole cohort 
(n = 14)

Sex, n (%)
 Male 14 (100) 10 (71.4) 10 (71.4) 12 (85.7)
 Female 0 4 (28.6) 4 (28.6) 2 (14.3)

Age, years 34.4 (7.1) 27.7 (4.2) 27.5 (4.4) 40.6 (7.9)
Weight, kg 81.77 (11.16) 61.49 (9.43) 59.77 (6.57) 79.77 (9.61)
BMI, kg/m2 26.18 (2.34) 22.07 (1.83) 20.70 (1.42) 26.75 (2.28)
Race, n (%)
 White 10 (71.4) 0 0 5 (35.7)
 Black/African American 4 (28.6) 0 0 8 (57.1)
 Asian 0 14 (100) 14 (100) 0
 Multiple 0 0 0 1 (7.1)

Ethnicity, n (%)
 Hispanic or Latino 3 (21.4) NA NA 7 (50.0)
 Not Hispanic or Latino 11 (78.6) NA NA 7 (50.0)

ALT, IU/L 24.9 (15.3) 15.2 (5.2) 15.8 (8.1) 21.2 (8.7)
AST, IU/L 21.6 (5.9) 15.6 (3.1) 17.2 (3.5) 20.9 (3.7)
Creatinine, µmol/L 85.2 (12.8) 67.2 (13.3) 68.1 (10.6) 82.7 (11.8)



534 K. Fukumura et al.

bioavailability of naldemedine when coadministered with 
cyclosporine.

In this study, 7 (50.0 %) of 14 subjects experienced 20 
TEAEs; 19 of these TEAEs were considered drug related. 
Most observed TEAEs occurred in subjects who received 
naldemedine 0.4 mg plus cyclosporine 600 mg (7 [53.8%] 
in 13) compared with naldemedine alone 1 (7.7%) of 13. 
The only TEAE reported in subjects who received nal-
demedine alone was headache (1 [7.7%] of 13). TEAEs 
reported in subjects who received naldemedine plus 

cyclosporine included diarrhea (6 [46.2%] of 13), abdom-
inal pain (3 [23.1%] of 13), nausea (3 [23.1%] of 13), 
flushing (3 [23.1%] of 13), frequent bowel movements (1 
[7.7%] of 13), chills (1 [7.7%] of 13), hunger (1 [7.7%] 
of 13), and dizziness (1 [7.7%] of 13). All TEAEs except 
hunger were considered drug related.

No SAEs or AEs led to withdrawal. In addition, there 
were no clinically significant findings from clinical 
laboratory, vital sign, ECG, or physical examination 
measurements.

Fig. 1  Linear and semi-logarithmic plots of mean (± SD) plasma concentration-time profiles of naldemedine after administration of a single oral 
dose with and without coadministration of cyclosporine

Fig. 2  Linear and semi-logarithmic plots of mean (± SD) plasma concentration-time profiles of naldemedine after administration of a single oral 
dose with and without coadministration of itraconazole
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3.2.2  Effect of CYP3A Inhibitor Coadministration 
on Naldemedine Pharmacokinetics and Safety

The coadministration of a single oral dose of 0.2 mg nal-
demedine on Day 9 after administration of 200-mg doses 
of itraconazole BID on Day 5 and QD on Day 6 to Day 11 
resulted in higher-plasma naldemedine concentrations and a 
slower rate of elimination compared with a single oral dose 
of 0.2 mg naldemedine administered alone on Day 1 (Fig. 2). 
The coadministration of itraconazole increased naldemedine 
Cmax by 1.12-fold, AUC 0–last by 2.65-fold, and AUC 0–inf by 
2.91-fold compared with values after administration of nal-
demedine alone (Table 3). Naldemedine median Tmax was 

not notably affected by coadministration of itraconazole 
(Table 2).

The coadministration of a single oral dose of 0.2 mg 
naldemedine on Day 9 after administration of fluconazole 
400 mg QD on Day 5 and 200 mg QD on Day 6 to Day 11 
resulted in higher plasma naldemedine concentrations and 
a slightly slower rate of elimination compared with a single 
oral dose of 0.2 mg naldemedine administered alone on Day 
1 (Fig. 3). The coadministration of fluconazole increased 
naldemedine Cmax by1.38-fold, AUC 0–last by 1.88-fold, and 
AUC 0–inf by 1.90-fold compared with values after adminis-
tration of naldemedine alone (Table 3). Naldemedine median 

Fig. 3  Linear and semi-logarithmic plots of mean (± SD) plasma concentration-time profiles of naldemedine after administration of a single oral 
dose with and without coadministration of fluconazole

Fig. 4  Linear and semi-logarithmic plots of mean (± SD) plasma concentration-time profiles of naldemedine after administration of a single oral 
dose with and without coadministration of rifampin
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Tmax was not notably affected by coadministration of flu-
conazole (Table 2).

In Cohort 1 (coadministration of naldemedine with itra-
conazole), 5 (35.7%) of 14 subjects experienced at least 

1 TEAE. TEAEs were reported in 1 (7.1%) subject after 
administration of naldemedine alone, 2 (14.3%) subjects 
after administration of itraconazole alone, 1 (7.1%) subject 
after coadministration of naldemedine and itraconazole, and 

Table 2  Summary of naldemedine pharmacokinetic parameters when coadministered with a P-gp inhibitor, CYP3A inhibitors, or a CYP3A 
inducer and when administered alone

AUC 0–inf area under the concentration-time curve from 0 to infinity, AUC 0–last area under the concentration-time curve from 0 to the last measur-
able concentration, CL/F apparent total clearance, Cmax maximum observed plasma concentration, CYP3A cytochrome P450 3A, CV coefficient 
of variation, λz apparent elimination rate constant, P-gp P-glycoprotein, SD standard deviation, t1/2,z apparent terminal elimination half-life, Tmax 
time to Cmax
a Median (range)

Parameter Cmax (ng/mL) Tmax (h)a AUC 0–last (ng·h/mL) AUC 0–inf (ng·h/mL) λz (1/h) t1/2,z (h) CL/F (L/h)

P-gp inhibitor study (n = 13)
 Mean (SD)
  Naldemedine + 

cyclosporine
7.23 (1.84) 1.00 (0.50–5.00) 70.31 (12.98) 70.70 (13.06) 0.0786 (0.0103) 8.96 (1.22) 5.85 (1.16)

  Naldemedine 4.90 (0.69) 0.75 (0.50–1.00) 39.11 (6.46) 39.46 (6.52) 0.0655 (0.0078) 10.7 (1.4) 10.4 (1.84)
 Geometric mean 

(CV %)
  Naldemedine + 

cyclosporine
7.03 (25.0) 69.17 (19.2) 69.55 (19.2) 0.0780 (13.3) 8.89 (13.4) 5.75 (19.2)

38.60 (17.2) 38.94 (17.3) 0.0651 (12.5) 10.6 (12.6) 10.3 (17.3)
  Naldemedine 4.86 (14.5)

CYP3A inhibitors study (n = 14 in each cohort)
 Cohort 1
  Mean (SD)
   Naldemedine + 

itraconazole
4.08 (0.868) 1.00 (0.50, 4.00) 74.31 (22.17) 82.59 (24.83) 0.0317 (0.0055) 22.5 (3.98) 2.70 (1.12)

   Naldemedine 3.77 (1.22) 0.75 (0.50, 1.50) 28.08 (7.300) 28.31 (7.309) 0.0684 (0.0173) 10.7 (2.49) 8.03 (4.39)
  Geometric mean 

(CV %)
   Naldemedine + 

itraconazole
4.00 (20.2) 70.88 (34.4) 78.64 (35.3) 0.0313 (17.8) 22.2 (17.8) 2.54 (35.3)

   Naldemedine 3.56 (38.2) 26.73 (38.2) 26.98 (37.7) 0.0665 (24.8) 10.4 (24.8) 7.41 (37.7)
 Cohort 2
  Mean (SD)
   Naldemedine + 

fluconazole
4.87 (0.784) 1.00 (0.50, 2.50) 51.00 (6.757) 52.04 (6.976) 0.0500 (0.0064) 14.1 (1.86) 3.91 (0.528)

   Naldemedine 3.57 (0.874) 1.00 (0.50, 3.00) 27.28 (4.739) 27.53 (4.772) 0.0702 (0.0170) 10.4 (2.44) 7.45 (1.16)
  Geometric mean 

(CV %)
   Naldemedine + 

fluconazole
4.81 (16.1) 50.58 (13.3) 51.60 (13.5) 0.0497 (13.1) 14.0 (13.1) 3.88 (13.5)

   Naldemedine 3.48 (23.7) 26.93 (16.5) 27.18 (16.5) 0.0683 (24.2) 10.1 (24.2) 7.36 (16.5)
CYP3A inducer study (n = 14)
 Mean (SD)
  Naldemedine + 

rifampin
1.72 (0.370) 0.51 (0.50, 1.00) 3.595 (0.616) 3.745 (0.613) 0.2174 (0.0304) 3.26 (0.55) 54.7 (8.42)

  Naldemedine 2.80 (0.666) 1.00 (0.50, 2.50) 21.84 (4.013) 22.14 (4.121) 0.0601 (0.0123) 11.9 (1.98) 9.35 (1.86)
 Geometric mean 

(CV %)
  Naldemedine + 

rifampin
1.68 (21.1) 3.549 (16.6) 3.701 (16.0) 0.2152 (15.5) 3.22 (15.5) 54.0 (16.0)

  Naldemedine 2.72 (25.7) 21.49 (19.1) 21.77 (19.2) 0.0591 (18.5) 11.7 (18.5) 9.19 (19.2)
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5 (35.7%) subjects during the follow-up period (after Day 
12). The most frequent TEAEs were blood urine present in 
4 (28.6%) subjects and upper respiratory tract inflammation 
in 2 (14.3%) subjects. Each of the other TEAEs (diarrhea, 
blood creatine phosphokinase increased, and urine ketone 
body present) was reported in 1 (7.1%) subject. Only 1 
TEAE (diarrhea) was considered related to naldemedine.

Table 3  Statistical comparison of pharmacokinetic parameters for 
naldemedine coadministered with a P-gp inhibitor, CYP3A inhibitors, 
or a CYP3A inducer versus naldemedine alone

Parameter Naldemedine coadmin-
istered/naldemedine 
alone
LS geometric mean ratio 
(90 % CI)

P-gp inhibitor study (n = 13)
 Cmax (ng/mL)
  Naldemedine + cyclosporine/Nalde-

medine
1.4496 (1.2676, 1.6578)

 AUC 0–last (ng·h/mL)
  Naldemedine + cyclosporine/Nalde-

medine
1.7875 (1.5746, 2.0293)

 AUC 0–inf (ng·h/mL)
  Naldemedine + cyclosporine/Nalde-

medine
1.7811 (1.5686, 2.0223)

 t1/2,z (h)
  Naldemedine + cyclosporine/Nalde-

medine
0.8241 (0.7683, 0.8840)

 CL/F (L/h)
  Naldemedine + cyclosporine/Nalde-

medine
0.5615 (0.4945, 0.6375)

CYP3A inhibitors study (n = 14 in each cohort)
 Cohort 1
  Cmax (ng/mL)
   Naldemedine + itraconazole/Nalde-

medine
1.1237 (0.9706, 1.3010)

  AUC 0-last (ng·h/mL)
   Naldemedine + itraconazole/Nalde-

medine
2.6517 (2.3968, 2.9338)

  AUC 0-inf (ng·h/mL)
   Naldemedine + itraconazole/Nalde-

medine
2.9149 (2.6420, 3.2160)

  t1/2,z (h)
   Naldemedine + itraconazole/Nalde-

medine
2.1286 (1.9444, 2.3302)

  CL/F (L/h)
   Naldemedine + itraconazole/Nalde-

medine
0.3431 (0.3109, 0.3785)

 Cohort 2
  Cmax (ng/mL)
   Naldemedine + fluconazole/Nalde-

medine
1.3831 (1.2316, 1.5532)

  AUC 0–last (ng·h/mL)
   Naldemedine + fluconazole/Nalde-

medine
1.8782 (1.7827, 1.9789)

  AUC 0–inf (ng·h/mL)
   Naldemedine + fluconazole/Nalde-

medine
1.8987 (1.8049, 1.9973)

  t1/2,z (h)
   Naldemedine + fluconazole/Nalde-

medine
1.3761 (1.2630, 1.4992)

  CL/F (L/h)

AUC 0–inf area under the concentration-time curve from 0 to infinity, 
AUC 0–last area under the concentration-time curve from 0 to the last 
measurable concentration, CI confidence interval, CL/F apparent total 
clearance, Cmax maximum observed plasma concentration, CYP3A 
cytochrome P450 3A, CV coefficient of variation, P-gp P-glycopro-
tein, t1/2,z apparent terminal elimination half-life

Table 3  (continued)

Parameter Naldemedine coadmin-
istered/naldemedine 
alone
LS geometric mean ratio 
(90 % CI)

   Naldemedine + fluconazole/Nalde-
medine

0.5267 (0.5007, 0.5541)

CYP3A inducer study (n = 14)
 Cmax (ng/mL)
  Naldemedine + rifampin/Naldemedine 0.6180 (0.5466, 0.6987)

 AUC 0–last (ng·h/mL)
  Naldemedine + rifampin/Naldemedine 0.1651 (0.1469, 0.1856)

 AUC 0–inf (ng·h/mL)
  Naldemedine + rifampin/Naldemedine 0.1700 (0.1512, 0.1911)

 t1/2,z (h)
  Naldemedine + rifampin/Naldemedine 0.2745 (0.2524, 0.2986)

 CL/F (L/h)
  Naldemedine + rifampin/Naldemedine 5.8833 (5.2328, 6.6146)

Fig. 5  Forest plot of Cmax and AUC ratios of naldemedine after 
administration of a single oral dose with and without coadminis-
tration of cyclosporine, itraconazole, fluconazole, and rifampin.  
AUC 0–inf area under the concentration-time curve from 0 to infinity, 
CI confidence interval, Cmax maximum observed plasma concentra-
tion, LS least squares
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In Cohort 2 (coadministration of naldemedine with 
fluconazole), 2 (14.3%) of 14 subjects experienced at 
least 1 TEAE. TEAEs were reported in 1 (7.1%) subject 
after administration of naldemedine alone (abdominal 
pain lower, diarrhea, and blood urine present) and in 1 
(7.1 %) subject during the follow-up period after Day 12 
(C-reactive protein increased). No TEAE was considered 
drug related.

In both cohorts, no SAEs or AEs led to withdrawal. There 
were no abnormal findings from clinical laboratory tests, 
and mean values from vital sign measurements and ECGs 
remained within normal limits at all time points, with mini-
mal variations from baseline.

3.2.3  Effect of CYP3A Inducer Coadministration 
on Naldemedine Pharmacokinetics and Safety

The coadministration of a single oral 0.2-mg dose of nalde-
medine on Day 18 after repeated administration of 600-mg 
doses of rifampin QD on Day 4–Day 20 resulted in lower 
plasma naldemedine concentrations and a more rapid rate of 
elimination compared with a single oral dose of 0.2 mg nal-
demedine administered alone on Day 1 (Fig. 4). Coadminis-
tration of rifampin with naldemedine decreased naldemedine 
Cmax by 38 %, AUC 0–last by 83 %, and AUC 0–inf by 83% 
compared with values after administration of naldemedine 
alone (Table 3). Naldemedine median Tmax was not notably 
affected by coadministration of rifampin (0.51 h compared 
with 1.00 h; Table 2).

In this study, there were no TEAEs reported by any of the 
14 subjects following administration of naldemedine alone. 
TEAEs were reported by all (100%) 14 subjects following 
administration of rifampin alone, and in 1 (7.1%) of 14 sub-
jects when naldemedine was coadministered with rifampin. 
The most frequently reported TEAE was mild chromaturia, 
considered to be related to rifampin (and expected), which 
was reported by all (100%) 14 subjects following administra-
tion of rifampin alone. No TEAEs were considered related 
to naldemedine, either when naldemedine was administered 
alone or coadministered with rifampin. No SAEs, AEs led to 
withdrawal, or abnormal findings on clinical laboratory tests, 
vital sign measurements, or ECG measurements.

4  Discussion

Overall, results from the three Phase 1 studies reported 
herein identified pharmacokinetic drug-drug interactions 
between naldemedine and the P-gp inhibitor cyclosporine, 
the strong CYP3A inhibitor and P-gp inhibitor itraconazole, 
the moderate CYP3A inhibitor fluconazole, and the strong 
CYP3A inducer rifampin. Specifically, coadministration of 
cyclosporine increased naldemedine Cmax by 1.45-fold and 

AUC 0-inf by 1.78-fold. Coadministration of itraconazole 
increased naldemedine Cmax by 1.12-fold and AUC 0–inf by 
2.91-fold. Coadministration of fluconazole increased nalde-
medine Cmax by 1.38-fold and AUC by 1.90-fold. Coadmin-
istration of rifampin decreased naldemedine Cmax by 38% 
and AUC by 83%.

Although the studied P-gp inhibitor, CYP3A inhibitors, 
and CYP3A inducer all affected the pharmacokinetic prop-
erties of naldemedine, coadministration of naldemedine 
with cyclosporine, itraconazole, fluconazole, or rifampin 
was generally well tolerated. The safety profile of nalde-
medine observed across all three drug-drug interaction stud-
ies reported here is consistent with that observed in a Phase 
1 single- and multiple-ascending dose study [15] and in a 
Phase 1 absorption, distribution, metabolism, and excretion 
study [16] of a single dose of naldemedine in healthy sub-
jects. In these studies, naldemedine doses of 0.1 to 100 mg 
were safe and well tolerated [15], and all TEAEs were mild 
and resolved without intervention [16].

In the cyclosporine drug-drug interaction study, coad-
ministration of naldemedine 0.4 mg with cyclosporine 600 
mg resulted in more observed TEAEs than with administra-
tion of naldemedine alone. Most TEAEs that occurred when 
naldemedine was coadministered with cyclosporine were 
mild; all of these TEAEs resolved without intervention and 
are consistent with the known safety profile of cyclosporine 
[20, 21]. Although the gastrointestinal TEAEs could have 
been caused by the pharmacologic actions of naldemedine, 
these types of TEAEs (diarrhea and abdominal pain) were 
not observed when naldemedine 0.4 mg was administered 
alone in this study. It is notable that naldemedine is a P-gp 
substrate; however, preclinical studies demonstrate that brain 
distribution of naldemedine is low [18].

In the CYP3A inhibitors study, the incidence of TEAEs 
was low and similar in all treatment groups, none of the 
observed TEAEs were considered treatment related except 
one TEAE of diarrhea in the naldemedine plus itraconazole 
group and all TEAEs were mild in severity and resolved 
without intervention. In the CYP3A inducer study, no 
TEAEs were observed when naldemedine was administered 
alone. One TEAE occurred when naldemedine was coad-
ministered with rifampin (fatigue), which was not consid-
ered to be related to coadministration of naldemedine and 
rifampin.

Based on standard DDI study methodology, naldemedine 
was administered as a single dose because it was being eval-
uated as a substrate in these studies (either of CYP3A or 
the P-gp efflux transporter). The naldemedine 0.4 mg dose 
was selected in the P-gp inhibitor study because 0.4 mg was 
one of the candidate doses for the naldemedine therapeutic 
dose. The naldemedine 0.2 mg dose was selected in both 
the CYP3A inhibitors study and the CYP3A inducer study 
because 0.2 mg is the recommended therapeutic dose for 
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naldemedine [11, 12]. Naldemedine exhibits linear pharma-
cokinetics in the dose range of 0.2–0.4 mg [15]. As nalde-
medine was being evaluated as a substrate, we reasoned that 
DDI would be adequately examined with the selected doses 
(0.2 mg and 0.4 mg of naldemedine).

The naldemedine 0.2- and 0.4-mg doses in these drug-
drug interaction studies are relevant from the perspective 
of clinical efficacy. Results from a Phase 2b randomized 
controlled study showed that naldemedine 0.2- and 0.4-mg 
doses were associated with significant clinical benefits, 
including increased spontaneous bowel movements com-
pared with placebo, whereas no significant differences were 
observed between naldemedine 0.1 mg and placebo [22]. 
The once-daily 0.2-mg dose is recommended for the treat-
ment of OIC in adults with chronic pain [11, 12].

Exposure-response analyses of naldemedine in Phase 
2b (naldemedine 0.1, 0.2, and 0.4 mg) and Phase 3 stud-
ies (naldemedine 0.2 mg) suggest the probability of TEAE 
would increase as AUC increases [22, 23]. The results of 
these drug-drug interaction studies and exposure-response 
analyses are consistent with guidance provided in the nal-
demedine prescribing information [11, 12]. Specifically, cli-
nicians should monitor patients treated with or using P-gp 
inhibitors (e.g. cyclosporine), strong CYP3A inhibitors 
(e.g. itraconazole, grapefruit juice, ketoconazole, ritonavir, 
indinavir, saquinavir, telithromycin, and clarithromycin), 
or moderate CYP3A inhibitors (e.g. fluconazole) for AEs 
because these drugs increase naldemedine concentrations. 
Concomitant use of naldemedine with strong CYP3A induc-
ers (e.g. rifampin, St. John’s wort, carbamazepine, phenobar-
bital, and phenytoin) should be avoided because these drugs 
decrease naldemedine concentrations [11, 12].

A limitation of these Phase 1 studies was the small sam-
ple size (14 subjects in each drug-drug interaction evalua-
tion). In addition, in the cyclosporine drug-drug interaction 
study, the dose of naldemedine studied (0.4 mg) was twice 
the recommended dose of naldemedine for the treatment of 
OIC [11]. Using a higher naldemedine dose than that pre-
scribed in clinical practice may have affected the magnitude 
of the observed pharmacokinetic effects of coadministration 
with cyclosporine.

4.1  Conclusions

Results of these studies showed that coadministration of a 
P-gp inhibitor, CYP3A inhibitors, and a CYP3A inducer had 
notable effects on the pharmacokinetics of naldemedine. The 
P-gp inhibitor cyclosporine increased naldemedine AUC 
0–inf by 1.78-fold. The strong CYP3A inhibitor (and P-gp 
inhibitor) itraconazole increased naldemedine AUC 0–inf by 

2.91-fold, and the moderate CYP3A inhibitor fluconazole 
increased naldemedine AUC 0–inf by 1.90-fold. The strong 
CYP3A inducer rifampin decreased naldemedine AUC by 
83%. However, coadministration of these drugs with nal-
demedine was not associated with any new safety signals. 
Single doses of naldemedine were generally safe and well 
tolerated in healthy subjects when naldemedine was admin-
istered alone or in combination with cyclosporine, itracona-
zole, fluconazole, or rifampin.
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