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Abstract

Naldemedine is a peripherally acting μ-opioid-receptor antagonist for the treatment of opioid-induced constipation.
Two phase 1 single-dose studies investigated the pharmacokinetics and safety of a 0.2-mg oral dose of naldemedine in
subjects with renal impairment (mild, n = 9; moderate, n = 9; severe, n = 6; and end-stage renal disease, n = 8) or
hepatic impairment (mild or moderate, n = 8 each) and demographically matched healthy subjects with normal renal
and hepatic function (n = 8, both studies). Pharmacokinetic assessments indicate that dose adjustments for naldemedine
are not necessary for subjects with any degree of renal impairment or for subjects with mild or moderate hepatic
impairment. In subjects with renal impairment compared with healthy subjects with normal renal function, the geometric
mean ratios of naldemedine area under the concentration-time curve (AUC0-inf) ranged from 82.8% (90%CI 69.5% to
98.6%) to 137.8% (90%CI 114.0% to 166.5%). Renal clearance decreased with reduced renal function (normal function
1.3 L/h;mild impairment 1.1 L/h;moderate impairment 1.0 L/h; severe impairment 0.5 L/h), and only 2.7% of naldemedine
was removed by hemodialysis. In subjects with hepatic impairment compared with healthy subjects with normal hepatic
function, the geometric mean ratio of AUC0-inf ranged from 82.8% (90%CI 65.7% to 104.5%) to 105.2% (90%CI 83.4%
to 132.6%).Naldemedine was well tolerated in both healthy subjects and subjects with renal or hepatic impairment, and
reported adverse events were generally consistent with the known safety profile.
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Opioids are commonly used to manage moderate to se-
vere pain as evidenced by nearly 300 million opioid pre-
scriptions in the United States in 2012 alone.1,2 Despite
their effectiveness, treatment with opioids can lead to
adverse effects, such as opioid-induced constipation.1,3

Opioid-induced constipation results from the binding
of opioids to peripheral μ-opioid receptors in the gas-
trointestinal tract and is one of the most common
adverse opioid reactions for patients receiving opi-
oid analgesics.1,4 Laxatives are considered a first-line
treatment in patients with opioid-induced constipation;
however, their mechanism of action does not treat the
underlying cause of opioid-induced constipation, and
they are ineffective in >50% of individuals.5–7 More-
over, laxatives are often associated with side effects such
as gas and bloating in patients with opioid-induced con-
stipation, which further diminishes patients’ quality of
life.6

Naldemedine is an oral peripherally actingμ-opioid-
receptor antagonist approved for the treatment of
opioid-induced constipation in adults with chronic

noncancer pain (United States and Japan) and adults
with cancer (Japan).8 Naldemedine minimally crosses
the blood-brain barrier and, therefore, effectively treats
opioid-induced constipation without negating the anal-
gesic effects of opioid therapy.9 In 2 randomized,
placebo-controlled, phase 1 studies in healthy sub-
jects, naldemedine was rapidly absorbed; the median
time to the maximum plasma concentration (Tmax) of
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naldemedine ranged from 0.5 to 0.75 hours with ei-
ther single ascending doses (0.1 to 100 mg) or multi-
ple ascending doses (3 to 30 mg) over the course of
10 days.10 Moreover, systemic exposure to naldeme-
dine was nearly dose proportional for single ascending
doses, and only slight increases in peak plasma con-
centration (Cmax) and area under the concentration-
time curve (AUC0-t) (1- to 1.3-fold) were observed
following multiple daily doses of naldemedine.10 No
major safety or tolerability issues were observed in ei-
ther study.10

Naldemedine is primarily metabolized via cy-
tochrome P450 (CYP)3A4 to nor-naldemedine.10,11

Another phase 1 study, in which healthy subjects were
administered 2 mg of [oxadiazole-14C]- or [carbonyl-
14C]-naldemedine, showed that nor-naldemedine was
the primary metabolite observed in the plasma and
accounted for 9% to 13% of the systemic exposure of
unchanged naldemedine.11 Following administration
of [oxadiazole-14C]-naldemedine, 57% of the total
radioactivity was recovered in the urine, and 35% was
recovered in the feces.11 Additionally, 16% to 18% of
the administered dose was excreted unchanged in the
urine.11

Although it has been demonstrated that naldeme-
dine is metabolized and excreted by the kidney and the
liver,10,11 the pharmacokinetics and safety of naldeme-
dine in subjects with renal or hepatic impairment have
yet to be determined. Here, we report results from
2 phase 1 studies evaluating the pharmacokinetics
and safety of oral naldemedine in subjects with renal
impairment (renal impairment study; study number
1401V921B) or hepatic impairment (hepatic impair-
ment study; study number 1402V921C) compared with
healthy, demographically matched subjects without
renal or hepatic impairment, respectively.

Methods
Study Design
Both nonrandomized open-label parallel-cohort phase
1 studies were approved by an Institutional Review
Board (IntegReview IRB, Austin, Texas) and con-
ducted in accordance with the International Council
for Harmonisation Good Clinical Practice guideline
and the Declaration of Helsinki. All subjects provided
written informed consent. Both studies were conducted
across clinical research units located in the United
States (DaVita Clinical Research, Lakewood, Colorado
[renal and hepatic impairment studies]; DaVita Clinical
Research, Minneapolis, Minnesota [renal and hepatic
impairment studies]; Orlando Clinical Research Cen-
ter, Orlando, Florida [renal impairment study]; Clinical
Pharmacology of Miami, Inc,Hialeah, Florida [hepatic
impairment study]).

The renal and hepatic impairment studies were de-
signed in accordance with US FDA Guidance for In-
dustry (Pharmacokinetics in Patients With Impaired
Renal Function and Pharmacokinetics in PatientsWith
Impaired Hepatic Function, respectively) as described
below.12,13 A 0.2-mg dose of naldemedine was se-
lected for these studies based on results from prior
phase 2 and phase 3 studies, which demonstrated that
0.2 mg naldemedine administered once daily was a
well-tolerated dose with efficacy for the treatment of
opioid-induced constipation.14–16 Additionally, 0.2 mg
naldemedine is the approved therapeutic dose in the
United States.8

The renal impairment study consisted of 5 cohorts
categorized as healthy subjects with normal renal func-
tion and subjects with mild renal impairment, mod-
erate renal impairment, severe renal impairment, or
end-stage renal disease (ESRD) requiring hemodialy-
sis. The coprimary objectives of the renal impairment
study were to assess the pharmacokinetics of naldeme-
dine after administration of a single, oral, 0.2-mg dose
of naldemedine in subjects with renal impairment com-
pared with healthy subjects with normal renal formal
function and to assess the effect of hemodialysis on
removal of naldemedine from blood (in the cohort of
subjects with ESRD requiring hemodialysis).

The hepatic impairment study consisted of 3 cohorts
categorized as healthy subjects with normal hepatic
function or subjects with mild or moderate hepatic im-
pairment. Subjects with severe hepatic impairment were
not enrolled in this study because opioids are known
to precipitate or aggravate hepatic encephalopathy.17,18

The primary objective of the hepatic impairment study
was to evaluate the pharmacokinetics of naldemedine
after administration of a single oral 0.2-mg dose of
naldemedine in subjects with hepatic impairment com-
pared with healthy subjects with normal hepatic func-
tion. The secondary objectives in both studies were to
evaluate both the safety and tolerability of naldemedine
in subjects with renal or hepatic impairment compared
with healthy subjects with normal hepatic function.

All subjects were screened between day –28 and
day –2 to assess study eligibility. Qualified subjects were
admitted to the clinical research units 1 day before
administration of naldemedine and were discharged
3 days postdose. Except for the cohort of subjects with
ESRD requiring hemodialysis, all subjects received a
single dose of naldemedine after an overnight fast of
�8 hours, which continued for 4 hours postdose. Sub-
jects returned to the clinical research unit at 15 days
(±2 days) postdose for a follow-up visit. Subjects with
ESRD requiring hemodialysis received the first dose of
naldemedine 1 to 2 hours after completion of hemodial-
ysis, following a fast of �4 hours (defined as treat-
ment period 1). Subjects continued fasting for 2 hours
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postdose, followed by a snack and then a regular meal
at 4 hours postdose. On day 15, subjects in this co-
hort received a second dose of 0.2 mg naldemedine
2 hours before hemodialysis, following an overnight
fast of �8 hours (defined as treatment period 2). Sub-
jects continued fasting for 4 hours postdose. Subjects in
the ESRD cohort returned to the clinical research unit
29 days (±2 days) postdose for a follow-up visit.

Study Population
In both studies eligible subjects were male or female,
with a body weight >50 kg, a body mass index of 18.5
to 38.0 kg/m2, and age 20 to 75 years (renal impairment
study) or 20 to 70 years (hepatic impairment study) at
the time of informed consent.

In the renal impairment study healthy subjects with
normal renal function had an estimated creatinine
clearance �90 mL/min as calculated by the Cockcroft-
Gault equation.19 Each of these subjects was matched
demographically to a subject with moderate renal im-
pairment with respect to sex, age (±10 years), and body
mass index (±20%). The degree of renal impairment
was determined by estimated glomerular filtration rate
(eGFR) calculated according to the Modification of
Diet in Renal Disease criteria.20 Mild renal impairment
was defined as eGFR �60 to <90 mL/(min·1.73 m2),
moderate renal impairment was defined as eGFR �30
to <60 mL/(min·1.73 m2), and severe renal impair-
ment was defined as eGFR <30 mL/(min·1.73 m2)
(including subjects with ESRD not receiving hemodial-
ysis). Further, all subjects with mild, moderate, or se-
vere renal impairment had stable renal function (<30%
difference between eGFR values at screening and the
day before administration of naldemedine). Subjects
requiring hemodialysis were eligible if they required
hemodialysis �3 times per week for �6 months before
screening, were considered clinically stable with respect
to underlying renal impairment, and had not started
any new drug or changed dosages from 14 days before
the administration of naldemedine until the study com-
pletion. Subjects with any degree of renal impairment
(including ESRD with hemodialysis) and hypertension
were eligible if they had satisfactory control of blood
pressure.

In the hepatic impairment study healthy subjects
with normal hepatic function (Child-Pugh score <5)
were each matched demographically to a subject with
moderate hepatic impairment with respect to sex, age
(±10 years), and body mass index (±20%). Degrees
of hepatic impairment were determined by Child-Pugh
score.21 Mild hepatic impairment was defined as a
Child-Pugh score of 5 or 6, and moderate hepatic im-
pairment was defined as a Child-Pugh score between
7 and 9. Subjects with hepatic impairment were in-
cluded if they had stable hepatic function for�1month

before screening and did not start a new drug or change
dosages within 14 days before naldemedine administra-
tion until the study completion.

Subjects were excluded from either study if they had
a life expectancy <3 months, a clinically significant
medical history that would introduce additional safety
risk to the subject by participation or would interfere
with study results, or a history of a gastrointestinal
surgery that would potentially interfere with absorp-
tion of naldemedine. In the original protocol for the re-
nal impairment study, a history of cholecystectomywas
not indicated as an exclusion criterion. When subjects
with a history of cholecystectomy were enrolled, they
were included in the safety evaluation; pharmacokinetic
evaluations were not conducted, thereby excluding any
potential influence from prior cholecystectomy. Follow-
ing a protocol amendment, additional subjects with a
history of cholecystectomy were excluded from the re-
nal impairment study.

Naldemedine is a known substrate of the P-
glycoprotein efflux transporter (P-gp) and is primar-
ily metabolized by CYP3A4.10,11,22 Therefore, prior and
concomitant medications were recorded, and P-gp re-
ceptor and CYP3A enzyme inhibitors were prohibited
from 2 weeks before admission to the clinical research
units until study completion. P-gp receptor andCYP3A
enzyme inducers were prohibited from 4 weeks before
admission to the clinical research units until the study
completion.

Sample Collection and Analyses of Blood, Urine, and
Dialysate
In both studies venous blood samples for determination
of plasma naldemedine concentrations were collected
predose (−0.25 hours) and at 0.25, 0.5, 0.75, 1, 1.5, 2,
2.5, 3, 4, 5, 6, 8, 10, 12, 24, 36, 48, 60, and 72 hours post-
dose. Blood samples for determination of serum pro-
tein binding were collected 0.75 and 24 hours postdose.
Urine samples were collected predose (−12 to 0 hours)
and at 0 to 12, 12 to 24, 24 to 36, 36 to 48, 48 to 60,
and 60 to 72 hours postdose. For subjects in the renal
impairment study with ESRD requiring hemodialysis,
blood samples (collected on the arm opposite the dia-
lyzer during treatment period 2) and urine samples were
collected during each treatment period. For hemodial-
ysis the same dialyzer equipment with a newmembrane
was used for each treatment period. During treatment
period 2, aliquots of dialysate solution were collected 3,
4, 5, and 6 hours postdose or at the end of hemodialysis.

Determination of plasma, urinary, or dialysate
naldemedine concentrations in both studies was per-
formed by Shin Nippon Biomedical Laboratories, Ltd
(Kainan, Wakayama, Japan), using fully validated
liquid chromatography/tandem mass spectrometry
methods. Naldemedine and its internal standard
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(naldemedine-15Nd5) were extracted from plasma
and dialysate using a solid-phase extraction cartridge
(Sep-Pak Vac tC18 1 cc [100 mg]; Waters Corporation,
Milford, Massachusetts; for plasma) or a solid-phase
extraction plate (Sep-Pak Vac tC18 [100 mg]; Wa-
ters Corporation; for dialysate). Urine samples were
extracted by protein precipitation using methanol
(with dissolved naldemedine-15Nd5) and then diluted.
Plasma and dialysate extracts and processed urine sam-
ples were chromatographed on a Shimadzu 10A (renal
impairment samples) or Shimadzu 20A (renal and
hepatic impairment samples) HPLC (Shimadzu, Kyoto
Prefecture, Japan) using a binary gradient system.
For plasma and urine samples, mobile phase A was
ultrapure water/1 mol/L ammonium formate/formic
acid (98.0%) (990:10:1, v/v/v), and mobile phase
B was acetonitrile/methanol/2-propanol/ultrapure
water/1 mol/L ammonium formate/formic acid (98.0%)
(400:400:100:90:10:1, v/v/v/v/v/v). For dialysate sam-
ples, mobile phase A was ultrapure water/1 mol/L
ammonium formate/formic acid (98.0%) (980:20:1,
v/v/v), and mobile phase B was acetonitrile/formic acid
(98.0%) (1000:1, v/v). A Capcell Pak CR 1:20 (5 μm,
2.0 mm × 150 mm) column (Shiseido, Ltd, Tokyo,
Japan), with a polytetrafluoroethylene filter (#2227)
and filter box, large (#2226; Shiseido Irica Technology,
Inc, Kyoto Prefecture, Japan), were used for plasma
and urine samples; and an Atlantis HILIC (3 μm,
2.1 mm × 50 mm) column (Waters Corporation) was
used for dialysate samples.

Naldemedine was detected and quantified by tan-
dem mass spectrometry in positive ion mode with elec-
trospray ionization on an API 5000 mass spectrometer
(AB Sciex, Framingham, Massachusetts) using multi-
ple reaction monitoring with m/z transitions of 571 →
368 for naldemedine and 577 → 368 for naldemedine-
15Nd5. Calibration curves of naldemedine ranged from
0.01 to 10 ng/mL in plasma, 0.1 to 100 ng/mL in urine,
and 0.005 to 5 ng/mL in dialysate. The lower limit
of quantification for naldemedine was 0.01 ng/mL,
0.1 ng/mL, and 0.005 ng/mL in plasma, urine, and
dialysate samples, respectively. The precision and ac-
curacy of each analytical method were within ±15%.
Specifically, precisionwas 4.2% to 9.7% for plasma sam-
ples, 6.1% to 7.1% for urine samples, and 3.4% to 9.5%
for dialysate samples; accuracy was −5.3% to 4.8% for
plasma samples, 2.0% to 7.6% for urine samples, and
−5.3% to 7.2% for dialysate samples.

The protein-binding analysis for naldemedine was
performed at Huntingdon Life Sciences Inc (now En-
vigo, East Millstone, New Jersey). Concentrations of
naldemedine in serum and serum ultrafiltrate were
determined by fully validated liquid chromatogra-
phy/tandem mass spectrometry methods using an

Atlantis HILIC (3 μm, 2.1 mm × 50 mm) column
(Waters Corporation) after solid-phase extraction with
an internal standard (naldemedine-15Nd5), similar to
dialysate. Naldemedine was separated using a binary
gradient system: mobile phase A was 0.1% formic acid
in 20 mmol/L ammonium formate; and mobile phase
B was 0.1% formic acid in acetonitrile. Naldemedine
was detected and quantified by tandem mass spectrom-
etry on an API 5000 mass spectrometer (AB Sciex)
using selected reaction monitoring. Calibration curves
of naldemedine ranged from 0.05 to 20 ng/mL in
serum and 0.00586 to 1.17 ng/mL in serum ultrafiltrate.
The lower limit of quantification for naldemedine was
0.05 ng/mL and 0.00586 ng/mL for serum and ultrafil-
trate samples, respectively. The precision and accuracy
of each analytical method were within ±15%. Specifi-
cally, precision was 2.4% to 9.1% for serum samples and
3.9% to 10.9% for ultrafiltrate samples; accuracy was
3.2% to 6.3% for serum samples and −5.7% to 6.0% for
ultrafiltrate samples.

Pharmacokinetic Assessments
The following pharmacokinetic parameters (in plasma
or urine) were calculated: cumulative amount of the
drug excreted in urine from time 0 to 72 hours postdose
(Aeu0-72), calculated as the product of the urinary
volume and the urinary concentration; area under the
plasma concentration-time curve from time 0 to the
time of the last quantifiable concentration after dosing
(AUC0-t), calculated by linear trapezoidal method
when concentrations are increasing and by logarithmic
trapezoidal method when concentrations are decreas-
ing (linear up/log down trapezoidal method); area
under the plasma concentration-time curve extrap-
olated from time 0 to infinity (AUC0-inf ), defined as
AUC0-t + the last measurable concentration/λz, and
λz, the apparent terminal elimination rate constant,
is the magnitude of the slope of the linear regression
of the log concentration–versus-time profile in the
terminal phase; apparent total clearance, estimated
as dose/AUC0-inf ; renal clearance (CLR), calculated as
Aeu0-72/AUC0-72; Cmax; fraction excreted in urine from
time 0 to 72 hours postdose (Feu0-72), calculated as
Aeu0-72/dose × 100; serum protein unbound fraction,
estimated as the ratio of unbound to total concen-
tration of naldemedine in serum; Tmax; and terminal
elimination half-life (t½,z), calculated as t½,z = (ln
2)/λz. The following pharmacokinetic parameters (in
dialysate) were calculated only for the renal impair-
ment study: amount of naldemedine recovered in
dialysate over the hemodialysis period (Ad); fraction
of naldemedine recovered in dialysate, calculated as
Ad/dose × 100; and hemodialysis clearance, calculated
as Ad/AUC over the hemodialysis period.
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Safety and Tolerability
In both studies the safety and tolerability of naldeme-
dine was assessed by monitoring adverse events (AEs),
physical examinations, vital sign measurements (blood
pressure, pulse rate, respiratory rate, and body tem-
perature), 12-lead electrocardiograms, and clinical
laboratory tests (hematology, serum chemistry tests,
and urinalysis). Abnormal laboratory values that were
considered clinically significant by the investigator were
reported as AEs. All AEs were coded using theMedical
Dictionary for Regulatory Activities, version 17.0.

Statistical Analyses
Approximately 36 to 40 subjects were planned for
enrollment in the renal impairment study (8 healthy
subjects with normal renal function, 8 subjects each
with mild or moderate renal impairment, 4 to 8 sub-
jects with severe renal impairment, and 8 subjects with
ESRD requiring hemodialysis), and 24 subjects were
planned for enrollment in the hepatic impairment study
(8 subjects in each cohort). Statistical analysis and
programming were performed using SAS version 9.2
(SAS Institute, Cary, North Carolina). The pharma-
cokinetic parameters for naldemedine were estimated
based on their plasma and urinary concentrations by
noncompartmental methods using PhoenixWinNonlin
version 6.4 (Certara, St. Louis, Missouri). An analysis
of variance model was used to analyze log-transformed
pharmacokinetic parameters Cmax, AUC0-t, AUC0-inf ,
and t½,z as response variables, with fixed-effect terms
for renal function (healthy subjects with normal renal
function and subjects with mild, moderate, or severe
renal impairment, and ESRD requiring hemodialysis
[treatment period 1]) or for hepatic function (healthy
subjects with normal hepatic function and subjects
with mild or moderate hepatic impairment). Pharma-
cokinetic parameters, unless otherwise specified, are
reported as geometric means.

Point estimates of the geometric mean ratio (GMR)
and associated 90%CIs were calculated for treatment
differences in subjects with mild, moderate, or severe
renal impairment and subjects with ESRD requiring
hemodialysis (treatment period 1) compared with
healthy subjects with normal renal function. Simi-
larly, point estimates of the GMR and 90%CIs were
calculated for treatment differences in subjects with
mild or moderate hepatic impairment compared with
healthy subjects with normal hepatic function. The
point estimates of the GMR for the log-transformed
pharmacokinetic parameters and 90%CIs were then
back-transformed to give point estimates and 90%CIs
for the GMR of the parameters for each treatment
comparison.

Results
Subjects
Between February 17, 2015 and July 17, 2015, 41 sub-
jects entered the renal impairment study and received
0.2mg oral naldemedine (mild impairment, n= 9;mod-
erate impairment, n = 9; severe impairment, n = 6;
ESRD requiring hemodialysis, n = 8; and normal func-
tion, n = 9). All subjects completed the study. Of note,
only 4 of 8 subjects with ESRD produced enough urine
to evaluate the CLR and Feu0-72 of naldemedine. Addi-
tionally, pharmacokinetic assessments and plasma con-
centrations were not measured in 3 subjects: 2 subjects
had a prior medical history of cholecystectomy (mild
renal impairment, n = 1; moderate renal impairment,
n = 1); and 1 healthy subject with normal renal func-
tion (who was demographically matched to the subject
with moderate renal impairment).

Between March 16, 2015 and July 31, 2015, 24 sub-
jects entered the hepatic impairment study and received
0.2mg oral naldemedine (mild impairment, n= 8;mod-
erate impairment, n = 8; and normal function, n = 8).
All subjects completed the study.

Baseline characteristics for subjects in the renal im-
pairment and the hepatic impairment study are summa-
rized in Table 1. In the renal impairment study, subjects
had amean eGFR ranging from 97.9 mL/(min·1.73m2)
(healthy subjects with normal renal function) to
9.9 mL/(min·1.73 m2) (subjects with ESRD requiring
hemodialysis).

Pharmacokinetics
Renal Impairment Study. The mean plasma concen-

trations of naldemedine over time for subjects with
renal impairment are shown in Figure 1, and phar-
macokinetic parameters of naldemedine in plasma,
dialysate, urine, and serum are summarized in Table 2.
In plasma the geometric mean t½,z of naldemedine
ranged from 14.2 to 18.7 hours in subjects with renal
impairment and was 13.8 hours in healthy subjects with
normal renal function. The geometric mean Cmax of
naldemedine ranged from 2.23 to 3.01 ng/mL in sub-
jects with renal impairment and was 3.39 ng/mL in
healthy subjects with normal renal function. Naldeme-
dine was rapidly absorbed with a median Tmax of 0.50
to 0.88 hours regardless of renal function. The geomet-
ric mean AUC0-inf for naldemedine ranged from 18.6
to 32.4 ng·h/mL in subjects with renal impairment and
was 23.6 ng·h/mL in healthy subjects with normal renal
function.

In subjects with ESRD, administration of naldeme-
dine before hemodialysis (treatment period 2) re-
sulted in a geometric mean hemodialysis clearance of
1.7 L/h, and the fraction of naldemedine recovered
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Table 1. Baseline Demographics and Subject Characteristics in the Renal Impairment Study and the Hepatic Impairment Study

Renal Impairment Study

Parameter Mild (n = 9) Moderate (n = 9)
Severe
(n = 6) ESRD (n = 8)

Normal Function
(n = 9)

Age, y 61.2 (10.6) 66.6 (5.9) 61.2 (3.3) 51.8 (10.7) 62.8 (4.1)
Weight, kg 80.9 (19.0) 80.0 (14.4) 94.4 (6.9) 75.6 (16.0) 87.3 (13.2)
BMI, kg/m2 27.8 (5.0) 28.6 (4.0) 34.1 (2.9) 25.9 (4.3) 29.1 (3.3)
Sex, n (%)
Male 7 (77.8) 4 (44.4) 4 (66.7) 4 (50.0) 5 (55.6)
Female 2 (22.2) 5 (55.6) 2 (33.3) 4 (50.0) 4 (44.4)

Race, n (%)
White 8 (88.9) 7 (77.8) 5 (83.3) 2 (25.0) 6 (66.7)
Black 1 (11.1) 1 (11.1) 1 (16.7) 5 (62.5) 2 (22.2)
American Indian or
Alaska Native

0 (0.0) 1 (11.1) 0 (0.0) 1 (12.5) 1 (11.1)

eGFR, mL/(min·1.73 m2) 72.6 (7.3) 50.3 (5.6) 20.0 (3.4) 9.9 (5.0) 97.9 (26.0)
CLcr, mL/min 82.0 (17.0) 58.8 (11.4) 31.8 (4.1) 14.3 (8.5) 114.4 (16.9)

Hepatic Impairment Study

Parameter Mild (n = 8) Moderate (n = 8) Normal Function (n = 8)

Age, y 57.5 (6.4) 57.0 (5.8) 51.4 (5.9)
Weight, kg 90.3 (16.6) 79.1 (14.0) 82.9 (16.7)
BMI, kg/m2 30.6 (4.5) 28.0 (4.6) 29.0 (4.0)
Sex, n (%)
Male 5 (62.5) 5 (62.5) 5 (62.5)
Female 3 (37.5) 3 (37.5) 3 (37.5)

Race, n (%)
White 7 (87.5) 6 (75.0) 7 (87.5)
Black 1 (12.5) 1 (12.5) 1 (12.5)
American Indian or
Alaska Native

0 (0.0) 1 (12.5) 0 (0.0)

Child-Pugh score, n (%)
5 or 6 8 (100.0) 0 0
7 to 9 0 8 (100.0) 0

Data are mean (SD) unless otherwise specified. BMI indicates body mass index; CLcr, creatinine clearance; eGFR, estimated glomerular filtration rate;
ESRD, end-stage renal disease.

in the dialysate was 2.7% during the 3- to 4-hour
hemodialysis period (Table 2).

Pharmacokinetics in urine demonstrated that the ge-
ometric mean CLR of naldemedine decreased with re-
duced renal function (normal function 1.3 L/h; mild
impairment 1.1 L/h; moderate impairment 1.0 L/h;
severe impairment 0.5 L/h; ESRD [treatment period 1]
0.1 L/h; ESRD [treatment period 2] 0.1 L/h; Table 2).
Similarly, the geometric mean Feu0-72 of naldeme-
dine decreased with reduced renal function (normal
function 14.7%; mild impairment 14.0%; moderate
impairment 11.6%; severe impairment 6.9%; ESRD
[treatment period 1] 0.7%; ESRD [treatment period
2] 0.9%). The geometric mean unbound fraction of
naldemedine in serum was similar across cohorts
at 0.75 and 24 hours, ranging from 6.0% to 9.2%
(Table 2).

The GMRs (90%CI) for the AUC0-inf of naldeme-
dine in subjects with mild, moderate, or severe renal
impairment and with ESRD requiring hemodialysis
comparedwith healthy subjects with normal renal func-
tion were 107.7% (90.4%, 128.3%), 106.0% (89.0%,
126.4%), 137.8% (114.0%, 166.5%), and 82.8% (69.5%,
98.6%), respectively (Table 3).
Hepatic Impairment Study. Following administra-

tion of a single 0.2-mg dose of naldemedine, the
mean plasma concentrations of naldemedine over
time in subjects with hepatic impairment, compared
with healthy subjects with normal hepatic function,
are shown in Figure 2. Pharmacokinetic parame-
ters of naldemedine in plasma, urine, and serum are
summarized in Table 4.

In plasma the geometric mean t½,z of naldemedine
ranged from 13.3 to 14.0 hours in subjects with hepatic
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Figure 1. Mean (±SD) plasma concentrations of naldemedine in (A) subjects with mild (n = 8),moderate (n = 8), or severe (n = 6)
renal impairment, ESRD requiring hemodialysis (treatment period 1) (n = 8), and healthy subjects with normal renal function (n = 8),
and (B) mean plasma concentrations of naldemedine before and after hemodialysis in the cohort of subjects with ESRD during
treatment periods 1 and 2 (n = 8 each). Figures are presented in a semilogarithmic scale. ESRD indicates end-stage renal disease.

impairment and was 13.5 hours for healthy subjects
with normal hepatic function (Table 4). The geomet-
ric mean Cmax of naldemedine ranged from 2.44 to
2.93 ng/mL in subjects with hepatic impairment and
was 2.71 ng/mL in healthy subjects with normal hep-
atic function. Naldemedine was absorbed rapidly with
median Tmax ranging from 0.63 to 0.75 hour across all
cohorts. The geometric mean AUC0-inf for naldemedine
ranged from 19.6 to 24.8 ng·h/mL in subjects with
hepatic impairment and was 23.6 ng·h/mL in healthy
subjects with normal hepatic function.

Pharmacokinetic analyses in urine demonstrated
that the geometric mean CLR and Feu0-72 of naldeme-
dine were similar across cohorts, ranging from 1.2 to
1.6 L/h and 11.5% to 18.7%, respectively (Table 4). The
geometric mean unbound fraction of naldemedine in
serum ranged from 7.5% to 9.5% across cohorts at 0.75
and 24 hours (Table 4).

The GMRs (90%CI) for the AUC0-inf of naldeme-
dine in subjects with mild or moderate hepatic
impairment compared with healthy subjects with
normal hepatic function were 82.8% (65.7%, 104.5%)
and 105.2% (83.4%, 132.6%), respectively (Table 5).

Safety
In the renal impairment study 43.9% (18/41) of sub-
jects reported treatment-emergent AEs (TEAEs). The
most frequent TEAEs were headache (12.2% [5/41]),
nausea (9.8% [4/41]), and diarrhea (7.3% [3/41]). There

were no notable differences in the incidences of TEAEs
across cohorts. In the hepatic impairment study 33.3%
(8/24) of subjects reported TEAEs. The most frequent
TEAEs were diarrhea (12.5% [3/24]), abdominal pain
(8.3% [2/24]), flatulence (8.3% [2/24]), and somnolence
(8.3% [2/24]). The incidence of TEAEs was numeri-
cally higher in subjects with mild (37.5% [3/8]) or mod-
erate (50.0% [4/8]) hepatic impairment compared with
healthy subjects with normal hepatic function (12.5%
[1/8]). There were no deaths or TEAEs leading to
withdrawal of naldemedine in either study.

Discussion
The pharmacokinetic parameters in both the renal and
hepatic impairment studies were generally similar to the
findings in a previous phase 1 study of naldemedine in
healthy subjects.10

In subjects with moderate or severe renal impair-
ment, mean plasma pharmacokinetic profiles suggest a
slightly lower clearance of naldemedine compared with
healthy subjects with normal renal function, subjects
with mild renal impairment, and subjects administered
naldemedine 1 to 2 hours after hemodialysis (ESRD re-
quiring hemodialysis, treatment period 1). The GMRs
for theAUC0-inf of naldemedine in subjects withmoder-
ate or severe renal impairment compared with healthy
subjects with normal renal function were 106.0% and
137.8%, respectively. Similarly, the GMRs for the Cmax

of naldemedine in subjects with moderate or severe



Fukumura et al 169

Ta
bl
e
2.

Ph
ar
m
ac
ok

in
et
ic
s
of

N
al
de
m
ed
in
e
in
th
e
R
en
al
Im

pa
ir
m
en
t
St
ud

y

M
ild

(n
=

8)
M
od

er
at
e

(n
=

8)
Se
ve
re

(n
=

6)

ES
R
D
:

Tr
ea
tm

en
t

Pe
ri
od

1
(n

=
8)

ES
R
D
:

Tr
ea
tm

en
t

Pe
ri
od

2
(n

=
8)

N
or
m
al

Fu
nc
tio

n
(n

=
8)

Pl
as
m
a

A
U
C

0-
t
(n
g·h

/m
L)

G
eo

m
et
ri
c
m
ea
n
(C

V
%
)

24
.6
(2
3.
5)

23
.8
(2
2.
4)

30
.4
(1
6.
1)

18
.9
(1
7.
3)

18
.1
(2
5.
9)

22
.9
(1
8.
3)

A
ri
th
m
et
ic
m
ea
n
(S
D
)

25
.2
(5
.8
)

24
.3
(5
.6
)

30
.7
(4
.9
)

19
.1
(3
.1
)

18
.7
(5
.5
)

23
.3
(4
.2
)

A
U
C

0-
in
f
(n
g·h

/m
L)

G
eo

m
et
ri
c
m
ea
n
(C

V
%
)

25
.4
(2
4.
6)

25
.0
(2
3.
6)

32
.4
(1
8.
1)

19
.5
(1
7.
9)

18
.6
(2
6.
1)

23
.6
(1
8.
9)

A
ri
th
m
et
ic
m
ea
n
(S
D
)

26
.0
(6
.3
)

25
.6
(6
.2
)

32
.9
(6
.1
)

19
.8
(3
.4
)

19
.2
(5
.6
)

23
.9
(4
.4
)

C
m
ax
(n
g/
m
L)

G
eo

m
et
ri
c
m
ea
n
(C

V
%
)

3.
01

(2
3.
7)

2.
56

(2
5.
5)

2.
76

(1
3.
4)

2.
81

(2
4.
8)

2.
23

(2
6.
5)

3.
39

(2
0.
7)

A
ri
th
m
et
ic
m
ea
n
(S
D
)

3.
08

(0
.7
0)

2.
63

(0
.6
3)

2.
78

(0
.3
8)

2.
89

(0
.6
8)

2.
30

(0
.6
8)

3.
46

(0
.7
4)

T
m
ax
(h
)a

0.
50

(0
.2
5,
0.
75
)

0.
63

(0
.5
0,
1.
50
)

0.
75

(0
.5
0,
0.
75
)

0.
79

(0
.5
0,
1.
00
)

0.
88

(0
.2
5,
2.
00
)

0.
75

(0
.5
0,
0.
75
)

t ½
,z
(h
)

G
eo

m
et
ri
c
m
ea
n
(C

V
%
)

14
.2
(2
5.
4)

17
.2
(2
3.
1)

18
.7
(1
5.
7)

15
.2
(2
8.
1)

15
.0
(2
4.
1)

13
.8
(1
7.
7)

A
ri
th
m
et
ic
m
ea
n
(S
D
)

14
.6
(3
.2
)

17
.5
(3
.5
)

18
.9
(2
.9
)

15
.7
(4
.4
)

15
.4
(3
.6
)

13
.9
(2
.5
)

C
L/
F
(L
/h
)

G
eo

m
et
ri
c
m
ea
n
(C

V
%
)

7.
9
(2
4.
6)

8.
0
(2
3.
6)

6.
2
(1
8.
1)

10
.3
(1
7.
9)

10
.7
(2
6.
1)

8.
5
(1
8.
9)

A
ri
th
m
et
ic
m
ea
n
(S
D
)

8.
1
(2
.0
)

8.
2
(1
.8
)

6.
2
(1
.1
)

10
.4
(2
.0
)

11
.0
(2
.5
)

8.
6
(1
.6
)

D
ia
ly
sa
te

C
L h

d
(L
/h
)

G
eo

m
et
ri
c
m
ea
n
(C

V
%
)

...
...

...
...

1.
7
(1
4.
4)

...
A
ri
th
m
et
ic
m
ea
n
(S
D
)

...
...

...
...

1.
7
(0
.2
)

...
Fd

(%
)

G
eo

m
et
ri
c
m
ea
n
(C

V
%
)

...
...

...
...

2.
7
(3
2.
8)

...
A
ri
th
m
et
ic
m
ea
n
(S
D
)

...
...

...
...

2.
8
(1
.1
)

...
U
ri
ne Fe
u 0

-7
2
(%

)
G
eo

m
et
ri
c
m
ea
n
(C

V
%
)

14
.0
(2
8.
2)

11
.6
(3
5.
2)

6.
9
(4
0.
1)

0.
7
(1
03
.3
)b

0.
9
(1
10
.4
)b

14
.7
(2
0.
7)

A
ri
th
m
et
ic
m
ea
n
(S
D
)

14
.4
(3
.8
)

12
.2
(4
.3
)

7.
3
(3
.0
)

0.
5
(0
.8
)

0.
7
(1
.2
)

15
.0
(2
.9
)

C
L R

(L
/h
)

G
eo

m
et
ri
c
m
ea
n
(C

V
%
)

1.
1
(1
6.
5)

1.
0
(2
6.
3)

0.
5
(2
9.
3)

0.
1
(9
5.
5)

b
0.
1
(1
11
.0
)b

1.
3
(2
5.
5)

A
ri
th
m
et
ic
m
ea
n
(S
D
)

1.
1
(0
.2
)

1.
0
(0
.3
)

0.
5
(0
.1
)

<
0.
1
(0
.1
)

0.
1
(0
.1
)

1.
3
(0
.3
)

(C
on
tin
ue
d)



170 Clinical Pharmacology in Drug Development 2020, 9(2)

Ta
bl
e
2.

C
on

tin
ue
d

M
ild

(n
=

8)
M
od

er
at
e

(n
=

8)
Se
ve
re

(n
=

6)

ES
R
D
:

Tr
ea
tm

en
t

Pe
ri
od

1
(n

=
8)

ES
R
D
:

Tr
ea
tm

en
t

Pe
ri
od

2
(n

=
8)

N
or
m
al

Fu
nc
tio

n
(n

=
8)

Se
ru
m

A
t
0.
75

h
C

un
bo

un
d
(n
g/
m
L)

G
eo

m
et
ri
c
m
ea
n
(C

V
%
)

0.
21
7
(2
3.
6)

0.
19
0
(2
8.
6)

0.
23
0
(1
7.
1)

0.
15
9
(2
3.
1)

0.
18
2
(3
2.
9)

0.
21
9
(2
0.
7)

A
ri
th
m
et
ic
m
ea
n
(S
D
)

0.
22
2
(0
.0
49
)

0.
19
8
(0
.0
63
)

0.
23
3
(0
.0
41
)

0.
16
2
(0
.0
37
)

0.
19
0
(0
.0
63
)

0.
22
3
(0
.0
47
)

C
to
ta
l
(n
g/
m
L)

G
eo

m
et
ri
c
m
ea
n
(C

V
%
)

3.
03

(2
2.
5)

2.
59

(2
8.
2)

2.
69

(1
0.
5)

2.
67

(2
3.
6)

1.
97

(2
3.
0)

3.
11

(2
1.
2)

A
ri
th
m
et
ic
m
ea
n
(S
D
)

3.
09

(0
.7
2)

2.
67

(0
.7
4)

2.
70

(0
.2
8)

2.
73

(0
.6
2)

2.
02

(0
.4
6)

3.
17

(0
.6
7)

Fu
(%

)
G
eo

m
et
ri
c
m
ea
n
(C

V
%
)

7.
2
(1
2.
8)

7.
4
(1
5.
2)

8.
6
(1
3.
6)

6.
0
(1
3.
2)

9.
2
(1
4.
3)

7.
1
(1
2.
7)

A
ri
th
m
et
ic
m
ea
n
(S
D
)

7.
2
(0
.9
)

7.
4
(1
.2
)

8.
6
(1
.2
)

6.
0
(0
.8
)

9.
3
(1
.4
)

7.
1
(0
.9
)

A
t
24

h
C

un
bo

un
d
(n
g/
m
L)

G
eo

m
et
ri
c
m
ea
n
(C

V
%
)

0.
02
26

(4
1.
3)

0.
02
68

(3
7.
7)

0.
03
48

(3
3.
6)

0.
01
68

(4
4.
1)

0.
01
70

(4
0.
8)

0.
01
86

(2
6.
7)

A
ri
th
m
et
ic
m
ea
n
(S
D
)

0.
02
43

(0
.0
10
2)

0.
02
82

(0
.0
08
9)

0.
03
65

(0
.0
12
2)

0.
01
83

(0
.0
08
5)

0.
01
82

(0
.0
07
0)

0.
01
91

(0
.0
04
8)

C
to
ta
l
(n
g/
m
L)

G
eo

m
et
ri
c
m
ea
n
(C

V
%
)

0.
34
0
(3
9.
2)

0.
32
6
(3
4.
8)

0.
45
5
(2
0.
1)

0.
21
6
(2
9.
2)

0.
21
0
(3
7.
6)

0.
28
9
(2
5.
6)

A
ri
th
m
et
ic
m
ea
n
(S
D
)

0.
36
1
(0
.1
28
)

0.
34
2
(0
.1
14
)

0.
46
3
(0
.0
91
)

0.
22
4
(0
.0
67
)

0.
22
2
(0
.0
84
)

0.
29
8
(0
.0
76
)

Fu
(%

)
G
eo

m
et
ri
c
m
ea
n
(C

V
%
)

6.
6
(1
6.
4)

8.
2
(2
4.
1)

7.
7
(2
3.
0)

7.
8
(3
1.
2)

8.
1
(2
2.
0)

6.
4
(1
2.
8)

A
ri
th
m
et
ic
m
ea
n
(S
D
)

6.
7
(1
.1
)

8.
4
(1
.9
)

7.
8
(1
.7
)

8.
1
(2
.2
)

8.
3
(1
.7
)

6.
5
(0
.8
)

A
U
C
0-
t
in
di
ca
te
s
ar
ea

un
de
r
th
e
pl
as
m
a
co
nc
en
tr
at
io
n-
tim

e
cu
rv
e
fr
om

tim
e
0
to

th
e
tim

e
of

th
e
la
st

qu
an
tifi

ab
le

co
nc
en
tr
at
io
n
af
te
r
do

si
ng
;A

U
C
0-
in
f,
ar
ea

un
de
r
th
e
pl
as
m
a
co
nc
en
tr
at
io
n-
tim

e
cu
rv
e

ex
tr
ap
ol
at
ed

fr
om

tim
e
0
to

in
fin

ity
;C

L/
F,
ap
pa
re
nt

to
ta
lc
le
ar
an
ce
;C

L h
d,
he
m
od

ia
ly
si
s
cl
ea
ra
nc
e;
C
L R

,r
en
al
cl
ea
ra
nc
e;
C
m
ax
,m

ax
im
um

ob
se
rv
ed

pl
as
m
a
co
nc
en
tr
at
io
n;
C
to
ta
l,
to
ta
lc
on

ce
nt
ra
tio

n;
C
un
bo

un
d
,

un
bo

un
d
co
nc
en
tr
at
io
n;
C
V
%
,c
oe

ffi
ci
en
t
of

va
ri
at
io
n;
ES
R
D
,e
nd

-s
ta
ge

re
na
ld
is
ea
se
;F
d,
fr
ac
tio

n
of

na
ld
em

ed
in
e
re
co
ve
re
d
in
di
al
ys
at
e;
Fe
u 0

-7
2
,f
ra
ct
io
n
ex
cr
et
ed

in
ur
in
e
fr
om

tim
e
0
to

72
ho

ur
s
po

st
do

se
;

Fu
,s
er
um

pr
ot
ei
n
un

bo
un

d
fr
ac
tio

n;
T
m
ax
,t
im
e
to

m
ax
im
um

pl
as
m
a
co
nc
en
tr
at
io
n;
t ½

,z
,t
er
m
in
al
el
im
in
at
io
n
ha
lf-
lif
e.

a M
ed
ia
n
(m

in
im
um

,m
ax
im
um

).
b
n

=
4.



Fukumura et al 171

Table 3. Geometric Mean Ratioa (and 90%CI) of Pharmacokinetic Parameters for Subjects With Renal Impairment Versus Healthy
Subjects With Normal Renal Function

Renal Impairment Study

Mild Moderate Severe ESRDb

AUC0-t 107.4 103.8 132.6 82.3
(90.8, 126.9) (87.8, 122.7) (110.7, 158.8) (69.7, 97.3)

AUC0-inf 107.7 106.0 137.8 82.8
(90.4, 128.3) (89.0, 126.4) (114.0, 166.5) (69.5, 98.6)

Cmax 88.7 75.5 81.3 82.9
(73.5, 107.0) (62.5, 91.0) (66.3, 99.5) (68.7, 100.0)

t½,z 103.3 124.7 136.1 110.3
(85.4, 125.0) (103.1, 150.9) (110.8, 167.1) (91.2, 133.4)

AUC0-t indicates area under the plasma concentration-time curve from time 0 to the time of the last quantifiable concentration after dosing;AUC0-inf,
area under the plasma concentration-time curve extrapolated from time 0 to infinity;Cmax,maximum observed plasma concentration; ESRD,end-stage
renal disease; t½,z, terminal elimination half-life.
aThe ratio of the various renal impairment groups compared with healthy subjects with normal renal function (ie, renal impairment/normal
function × 100).
bTreatment period 1.

Figure 2. Mean (±SD) plasma concentrations of naldemedine
in subjects with mild (n = 8) or moderate (n = 8) hepatic impair-
ment and healthy subjects with normal hepatic function (n = 8).
Figure is presented in a semilogarithmic scale.

renal impairment compared with healthy subjects with
normal renal function were 75.5% and 81.3%, respec-
tively, suggesting that the exposure to naldemedine did
not increase substantially with renal impairment. In
contrast, naloxegol, an approved peripherally acting μ-
opioid-receptor antagonist for opioid-induced consti-
pation, was found to have higher mean exposures in
subjects with moderate and severe renal impairment
compared with healthy subjects.23

The geometric mean AUC0-inf and Cmax of naldeme-
dine were lower in subjects with ESRD requiring
hemodialysis than in healthy subjects with normal re-
nal function or subjects with mild, moderate, or severe

renal impairment; however, the geometricmean t½,z was
longer in subjects with ESRD requiring hemodialysis
than in healthy subjects with normal renal function.
Although the reason for the observed lower geomet-
ric mean AUC0-inf and Cmax of naldemedine in subjects
with ESRD requiring hemodialysis is unclear, we spec-
ulate that gut-wall edema induced by ESRD may have
reduced the absorption and absolute bioavailability of
naldemedine.24

The mean exposure to naldemedine was not affected
by hepatic impairment as demonstrated by the GMRs
for the AUC0-inf (�105.2%) and Cmax (�107.8%) of
naldemedine in subjects with mild or moderate hepatic
impairment compared with healthy subjects with nor-
mal hepatic function. Subjects with severe hepatic im-
pairment (Child-Pugh score between 10 and 15) were
not enrolled in this study because opioids are known to
precipitate or aggravate hepatic encephalopathy in these
subjects.17,18

The unbound fraction of naldemedine was similar
across cohorts in the renal impairment study (6.0%
to 9.2%) and the hepatic impairment study (7.5% to
9.5%), suggesting that renal or hepatic impairment did
not affect the degree of naldemedine protein binding.
The quantities of unbound naldemedine at 0.75 and
24 hours postdose were similar between cohorts in
each study, suggesting that protein binding was inde-
pendent of naldemedine concentration over the range
of concentrations evaluated. In the renal impairment
study only a small amount of naldemedine (2.7%) was
removed from plasma by a 3- to 4-hour hemodialy-
sis treatment, demonstrating that hemodialysis did not
affect the pharmacokinetics of naldemedine and was
not an effective means for removing naldemedine in
instances of excessive dosing.
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Table 4. Pharmacokinetics of Naldemedine in the Hepatic Impairment Study

Mild (n = 8) Moderate (n = 8) Normal Function (n = 8)

Plasma
AUC0-t (ng·h/mL)
Geometric mean (CV%) 19.1 (36.4) 24.2 (21.7) 23.1 (22.8)
Arithmetic mean (SD) 20.2 (7.8) 24.7 (5.1) 23.6 (5.5)

AUC0-inf (ng·h/mL)
Geometric mean (CV%) 19.6 (35.9) 24.8 (21.8) 23.6 (22.8)
Arithmetic mean (SD) 20.7 (7.8) 25.3 (5.3) 24.1 (5.6)

Cmax (ng/mL)
Geometric mean (CV%) 2.44 (47.4) 2.93 (16.8) 2.71 (26.3)
Arithmetic mean (SD) 2.67 (1.27) 2.96 (0.50) 2.80 (0.77)

Tmax (h)a 0.75 (0.50, 2.00) 0.63 (0.50, 0.75) 0.75 (0.50, 1.00)
t½,z (h)
Geometric mean (CV%) 14.0 (15.1) 13.3 (21.5) 13.5 (9.3)
Arithmetic mean (SD) 14.1 (2.1) 13.6 (2.9) 13.6 (1.3)

CL/F (L/h)
Geometric mean (CV%) 10.2 (35.9) 8.1 (21.8) 8.5 (22.8)
Arithmetic mean (SD) 10.7 (3.4) 8.2 (1.8) 8.7 (1.8)

Urine
Feu0-72 (%)
Geometric mean (CV%) 11.5 (20.9) 17.2 (25.5) 18.7 (15.9)
Arithmetic mean (SD) 11.7 (2.4) 17.7 (4.2) 18.9 (3.0)

CLR (L/h)
Geometric mean (CV%) 1.2 (23.0) 1.4 (26.7) 1.6 (19.2)
Arithmetic mean (SD) 1.2 (0.3) 1.5 (0.3) 1.6 (0.3)

Serum
At 0.75 h
Cunbound (ng/mL)
Geometric mean (CV%) 0.188 (52.8) 0.244 (34.1) 0.210 (27.9)
Arithmetic mean (SD) 0.207 (0.089) 0.257 (0.098) 0.217 (0.057)

Ctotal (ng/mL)
Geometric mean (CV%) 2.21 (57.5) 2.88 (22.3) 2.81 (32.4)
Arithmetic mean (SD) 2.47 (1.15) 2.94 (0.61) 2.94 (0.98)

Fu (%)
Geometric mean (CV%) 8.5 (15.8) 8.5 (24.4) 7.5 (10.1)
Arithmetic mean (SD) 8.6 (1.4) 8.7 (2.4) 7.5 (0.8)

At 24 h
Cunbound (ng/mL)
Geometric mean (CV%) 0.0227 (36.8) 0.0283 (52.2) 0.0214 (27.9)
Arithmetic mean (SD) 0.0241 (0.0089) 0.0313 (0.0142) 0.0221 (0.0061)

Ctotal (ng/mL)
Geometric mean (CV%) 0.239 (45.6) 0.324 (36.7) 0.287 (29.3)
Arithmetic mean (SD) 0.260 (0.124) 0.340 (0.103) 0.298 (0.087)

Fu (%)
Geometric mean (CV%) 9.5 (25.1) 8.8 (20.0) 7.5 (10.4)
Arithmetic mean (SD) 9.8 (2.4) 8.9 (1.8) 7.5 (0.8)

AUC0-t indicates area under the plasma concentration-time curve from time 0 to the time of the last quantifiable concentration after dosing;AUC0-inf,
area under the plasma concentration-time curve extrapolated from time 0 to infinity; CL/F, apparent total clearance; CLR, renal clearance; Cmax,
maximum observed plasma concentration; Ctotal, total concentration; Cunbound, unbound concentration; CV%, coefficient of variation; Feu0-72, fraction
excreted in urine from time 0 to 72 hours postdose; Fu, serum protein unbound fraction; Tmax, time to maximum plasma concentration; t½,z, terminal
elimination half-life.
aMedian (minimum,maximum).

Urinary pharmacokinetics of naldemedine varied
slightly between the 2 studies. In the renal impairment
study the fraction of naldemedine excreted in urine
decreased with decreasing renal function, although the

fraction of naldemedine excreted in urine was consis-
tent across cohorts in the hepatic impairment study.
Reported TEAEs in each study were generally consis-
tent with the known safety profile of naldemedine.10,11
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Table 5. Geometric Mean Ratioa (and 90%CI) of Pharmacoki-
netic Parameters for Subjects With Hepatic Impairment Versus
Healthy Subjects With Normal Hepatic Function

Hepatic Impairment Study

Mild Moderate

AUC0-t 82.7 (65.5, 104.5) 104.7 (82.9, 132.3)
AUC0-inf 82.8 (65.7, 104.5) 105.2 (83.4, 132.6)
Cmax 90.0 (68.6, 118.0) 107.8 (82.3, 141.4)
t½,z 103.7 (90.4, 119.0) 98.5 (85.9, 113.0)

AUC0-t indicates area under the plasma concentration-time curve from
time 0 to the time of the last quantifiable concentration after dosing;
AUC0-inf, area under the plasma concentration-time curve extrapolated
from time 0 to infinity; Cmax, maximum observed plasma concentration;
t½,z, terminal elimination half-life.
aThe ratio for mild or moderate hepatic impairment compared with
healthy subjects with normal hepatic function (ie, hepatic impair-
ment/normal function × 100).

A limitation of the hepatic impairment study was
that it did not evaluate subjects with severe hepatic
impairment. Additionally, both renal and hepatic
impairment studies were small-scale phase 1 studies; it
would therefore be valuable to study the efficacy and
safety of naldemedine in subjects with opioid-induced
constipation and renal or hepatic impairment in
large-scale studies. However, in these phase 1 studies,
exposure to naldemedine did not increase substantially
with either renal or hepatic impairment. Moreover,
naldemedine was generally well-tolerated in both
healthy subjects and subjects with renal or hepatic im-
pairment. Together, these results along with results of
a population pharmacokinetic analysis and exposure-
response analysis of naldemedine25 suggest that no
dose adjustment is warranted in subjects with any de-
gree of renal impairment (with or without dialysis) or
in subjects with mild or moderate hepatic impairment.

Conclusions
The AUC0-inf of naldemedine did not increase substan-
tially (GMRs <138%) in subjects with renal or hepatic
impairment. Naldemedine was well tolerated in sub-
jects with renal impairment, hepatic impairment, and
healthy subjects with normal renal or hepatic function.
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