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Summary of Bioanalytical Method Validation and Performance

Study ID and 
Title

Bioanalytical 
validation 
Method/

matrix; study # 
and Testing site

Method 
summary

Validation 
Information

Study sample 
Testing site

Samples 
stored and 
assayed 
within 
known 
stability 
period?

ISR passed?

1311V921A

Phase 1

BA/FE for

to-be marketed

formulation,

PK

LC/MS/MS; 
plasma

Report 
11105AELD;

Analytical 
ranges:

0.01 – 10 ng/mL 
(S-297995);  

0.08-40 ng/mL 
(Nor-S-297995; 
3-O-β-D-
glucuronide);

 0.3- 30 ng/mL

F/T stability: 4 
cycles

Long-term 
stability: 110 
days (at -80 or 
-20oC);

Accuracy: 
within ±6 %

Precision 
(CV): < 10 %

 Yes Yes

0824V9211

Phase 1

Dose

escalation,

PK (SD)

LC-MS/MS 
validated at 

;

PBC055-108 
(same as that 
used in specific 
population PK 
studies)

Calibration 
range

S-297995: 0.01 
(LLOQ) to 10 
ng/mL

S-297995 6-G: 
0.04 (LLOQ) to 
40 ng/mL

Plasma and 
dialysate:

F/T stability: 
up to 3 cycles

Long-term 
stability (based 
on additional 
report 

;# 
PBC055-122

Yes Yes

Reference ID: 4018135

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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S-297995 3-G: 
0.04 (LLOQ) to 
40 ng/mL

Nor-S-297995: 
0.04 (LLOQ) to 
40 ng/mL

Benzamidine: 
0.3 (LLOQ) to 
30 ng/mL

PBC055-115):

Plasma 396 
days at -80oC; 

Urine: 369 
days at  -80oC;

Dialysate: 207 
days at -80oC;

Stability of 
drug and nor-
metabolite 
could be 
confirmed at -
20oC for only 
35 days

Acceptable 
intra- and 
inter-day 
accuracy (% 
RE within ±15 
%) and 
Acceptable 
precision 
(%CV <15%) 
for standards 
and QCs in 
both plasma 
and urine

0917V9213

Phase 1

Dose

escalation,

PK (MD)

LC-MS/MS;

NB09050V

Calibration 
ranges-

S-297995: 0.01 
(LLOQ) to 10 
ng/mL

Nor-S-297995: 
0.04 (LLOQ) to 
40 ng/mL

Benzamidine: 
0.3 (LLOQ) to 
30 ng/mL

Range also at 
0.04-40 ng/ml 
for the 
glucuronides 
and carboxylic 
acid metabolite;

F/T Stability: 5 
cycles

Inter- and 
intra-run 
accuracy and 
Precision were 
within 
acceptable 
limits for QCs 
of drug and 
metabolites;

S-297995, & 
metabolite 
were stable in 
human plasma 
at -80ºC for 
396 days

(Sponsor’s 
Study No.S-
297995-CF-
115-N). CA in 
human plasma 
at -80ºC was 

Yes Yes

Reference ID: 4018135

(b) (4)

(b) (4)
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stable for

372 days

1016V9215

Phase 1

Mass

balance, PK

LC-MS/MS

Validated by 
 

Plasma 
Calibration 
ranges:

0.01 to 10 
ng/mL for S-
297995; 

0.12 to 40 
ng/mL for 
glucuronides, 
carboxylate and 
nor-S-297995; 

1.2 to 30 ng/mL 
for benzamidine

Urine assay 
ranges:

0.01 to 10 
ng/mL for S-
297995; 

0.60 to 200 
ng/mL for 6- 
glucuronide;

1.20 to 400 
ng/mL for 3-O-
β-D-
glucuronide, 
Nor-S-297995, 
and

S-297995-
carboxylic acid; 
and 1.20 to 100 
ng/mL for 
Benzamidine.

Acceptability 
precision and 
accuracy for 
standards and 
QCs.;

Long-term 
stability for 
plasma of 372 
days at -80oC;

For urine; 369 
days at -80oC

Yes Yes

1401V921B

Phase 1

Intrinsic

Factor PK

(Renal

impairment)

LC-MS/MS

Separate 
methods were 
validated for 
assay in Plasma 
(validation 
PBC055-108; 

Plasma 
Calibration 
ranges-

S-297995: 0.01 
(LLOQ) to 10 
ng/mL

Nor-S-297995: 
0.04 (LLOQ) to 
40 ng/mL

Benzamidine: 
0.3 (LLOQ) to 
30 ng/mL

Plasma and 
dialysate:

F/T stability: 
up to 3 cycles

Long-term 
stability (based 
on additional 
report 
PBC055-115):

396 days in 
plasma at  -
80oC; 

 

PBC055-487

Yes Yes

Reference ID: 4018135

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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Stability 
PBC055-115), 
urine (Validation 
PBC055-109; 
Stability 
PBC055-116), 
and dialysate 
(Validation 
PBC055-480; 
Stability 
PBC055-486);

Range also at 
0.04-40 ng/ml 
for the 
glucuronides;

Urine 
Calibration 
ranges-

S-297995: 0.1 
(LLOQ) to 100 
ng/mL

Nor-S-297995: 
0.4 (LLOQ) to 
400 ng/mL

Range at 0.4-
400 ng/mL for 
3-beta-
glucuronide

Benzamidine: 3 
(LLOQ) to 100 
ng/mL

Dialysate 
Calibration 
ranges-

S-297995: 
0.005-5 ng/mL

369 days in 
urine at  -80oC;

207 days in 
dialysate at -
80oC;

Stability of 
drug and nor-
metabolite 
could be 
confirmed at -
20oC for only 
35 days

Acceptable 
intra- and 
inter-day 
accuracy (% 
RE within ±15 
%) and 
Acceptable 
precision 
(%CV <15%) 
for standards 
and QCs in 
both plasma 
and urine 

1401V921B

(continued)

Phase 1

Intrinsic

Factor PK

(Renal

impairment)

LC/MS/MS;

Human Serum/ 
ultrafiltrate

Calibration 
ranges:

0.05-20 ng/mL 
(S-297995)

0.00586 – 1.17 
ng/Ml 
(ultrafiltrate)

Accuracy:

Within ± 11% 

Precision 
(CV): < 12%;

Dilution 
Integrity: 10-
fold

Stability

Serum: 4 F/T 
cycles

Ultrafiltrate: 3

Serum: At 
least 31days at 
-80oC;

Ultrafiltrate: at 
least 44 d at -
80oC

Serum and 
serum 
ultrafiltrate 
samples 
obtained at 
0.75 h and 24 
h were 
assayed using 
this method

Yes Yes

1402V921C Same as renal Same as renal Same as renal  Yes Yes

Reference ID: 4018135

(b) (4)

(b) (4)

(b) (4)
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Hepatic 

Impairment PK

PK study PK study PK study

PBC055-488

1202V9218

Phase 1

Extrinsic

Factor PK

(DDI) 
Cyclosporine

HPLC-MS/MS;

SOP# ANI 
10359.00 Draft1

Validation 
Report 
115200AEWP

Calibration 
range:

0.01-10 ng/mL 
for S-297995;

0.04- 20 ng/mL 
for 

Nor-S-297995

0.04- 20 ng/mL 
for 3-beta-
glucuronide

F/T stability: 4 
cycles

Acceptable 
intra-run and 
inter-run 
Accuracy (% 
RE within ± 15 
%) and 
Precision 
(%CV < 15 %)

Long-term 
stability: 569 
days

 
 

Yes Yes

1403V921D

Phase 1

Extrinsic

Factor PK

(DDI); rifampin

HPLC-MS/MS;

SOP# ANI 
10359.03

Validation 
Report 
115200AEWP

Calibration 
range:

0.01-10 ng/mL 
for S-297995;

0.04- 20 ng/mL 
for 

Nor-S-297995

50 ng/mL for 
rifampin

F/T stability: 4 
cycles

Acceptable 
intra-run and 
inter-run 
Accuracy (% 
RE) and 
Precision 
(%CV)

Long-term 
stability: 569 
days

 
 

(also known 
as  

 
 

 
 

Yes Yes

1502V921E

Phase 1

Extrinsic

Factor PK

(DDI)

Itra/Fluconazole

LC-MS/MS 
validated at 

Same method as 
that used for 
renal and hepatic 
PK studies;

Plasma 
(validation 
PBC055-108; 
Stability 
PBC055-115)

Plasma 
Calibration 
ranges-

S-297995: 0.01 
(LLOQ) to 10 
ng/mL

Nor-S-297995: 
0.04 (LLOQ) to 
40 ng/mL

Benzamidine: 
0.3 (LLOQ) to 
30 ng/mL

Range also at 
0.04-40 ng/ml 
for the 
glucuronides;

F/T stability: 
up to 3 cycles

Long-term 
stability:

396 days in 
plasma at    -
80oC; 

Stability of 
drug and 
metabolite at -
20oC for only 
35 days

Acceptable 
intra- and 
inter-day 
accuracy (% 
RE within ±15 
%) and 
Acceptable 
precision 

 

 

Yes Yes

Reference ID: 4018135

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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(%CV <15%) 
for standards 
and QCs 

1101V9216

Phase 1

PK; emesis

LC-MS/MS

 

The standard 
curve ranges 
were 0.0100 to 
10.0 ng/mL for

S-297995; 0.120 
to 40.0 ng/mL 
for Nor-S-
297995; 1.20 to 
30.0 ng/mL for 
benzamidine;

0.500 to 100 
ng/mL for 
morphine, 10.0 
to 2000 ng/mL 
for M3G, and 
2.00 to 400 
ng/mL for M6G.

Acceptable 
intra- and 
inter-day 
accuracy (% 
RE within ±15 
%) and 
Acceptable 
precision 
(%CV <15%) 
for standards 
and QCs;

Adequate 
long-term 
stability 
established for 
drug and 
metabolites in 
assay matrices

 Yes Yes

1204V9219

Phase 1

PK/PD

(TQTc)

 

115105AELD;

Urine method 
was already 
validated at 

Validation 
range:

S-297995: 0.01 
to 10 ng/mL;

Nor-S-, 3-, 6-
glucuronides 
and carboxylic 
acid 
metabolites: 

0.08- 40 ng/mL;

0.3-30 ng/mL 
benzamidine

Acceptable 
precision 
(%CV <15%) 
for standards 
and QCs; 
within and 
between runs; 
during 
validation and 
in-study

 Yes Yes

1007V9214

Phase 2a

Ascending -

dose

PK

LC-MS/MS;

NB09050V

 

Calibration 
ranges-

S-297995: 0.01 
(LLOQ) to 10 
ng/mL

Nor-S-297995: 
0.04 (LLOQ) to 
40 ng/mL

Benzamidine: 
0.3 (LLOQ) to 
30 ng/mL

Range also at 
0.04-40 ng/ml 
for the 
glucuronides 

F/T Stability: 5 
cycles

Inter- and 
intra-run 
accuracy and 
Precision were 
within 
acceptable 
limits for QCs 
of drug and 
metabolites;

S-297995, 6G, 
3G, Nor, and 
Be in human 
plasma at -
80ºC were 
stable for 396 

Yes Yes

Reference ID: 4018135

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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and carboxylic 
acid metabolite;

days

(Sponsor’s 
Study No.S-
297995-CF-
115-N). CA in 
human plasma 
at -80ºC was 
stable for

372 days

1107V9221

Phase 2b

Efficacy

LC-MS/MS;

Validated at 

Project # 
115105AELD

Validation 
range:

S-297995: 0.01 
to 10 ng/mL;

Nor-S-:

0.08- 40 ng/mL

F/T stability: 4 
cycles

Inter- and 
intra-run 
accuracy and 
Precision were 
within 
acceptable 
limits for 
standards and 
QCs of drug 
and metabolite

 Yes;

Based on 
demonstrated 
long-term 
stability 
conducted 
after this 
sample set 
assay

Yes

1314V9231

Phase 3 trials

LC-MS/MS

Validated at 

Project 
115200AEWP

Validation 
range:  S-
297995: 0.01 to 
10 ng/mL;

Nor-
naldemedine: 
0.04 to 20 
ng/mL

F/T stability: 4 
cycles at     -
200C and -
800C

Inter- and 
intra-run 
accuracy and 
Precision were 
within 
acceptable 
limits for 
standards and 
QCs of drug 
and metabolite

Stability at 
least 569 days 
at −80°C

 

 

Yes Yes

Review of In vitro ADME studies

Study No.: R-297995-PB-063-N:  Study on the in vitro Major Metabolites of [14C]-RSC-
297995 mono tosylate in Human

Objectives: To conduct metabolic profiling after incubation of [14C]-RSC-297995 with 
cryopreserved human hepatocytes; to identify and estimate parent and metabolites

Methods:  Test substance [14C]-RSC-297995 at 5 µM and 50 µM concentrations were added to 
hepatocyte suspension. Aliquots of the incubation mixture were measured for radioactivity 

Reference ID: 4018135

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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measurement. Aliquots were seeded in 12-well plates and incubated at 37oC for 0 and 4 hours.  
Radioactivity measurement was carried out on supernatants obtained from centrifugation of 
aliquots from these incubations and extraction ratios were calculated.  Supernatants were also 
evaporated and residues reconstituted for metabolic profiling by Radio-HPLC or metabolite 
identification by LC/MS.  

Results:

 Results of the radio-HPLC analysis showed the following: The largest peak observed at 
approximately 39 min was considered as unchanged RSC-297995 and accounted for 
approximately 66 - 71% of the total radioactivity. Also, three peaks considered as 
metabolites were observed at approximately 29 - 30, 32 and 34 min, accounting for 
approximately 3, 6 - 7 and 3% of the total radioactivity, respectively. These metabolites 
were termed RSC-297995-HHM2 (abbreviated to HHM2), RSC-297995-HHM3 
(abbreviated toHHM3) and RSC-297995-HHM4 (abbreviated to HHM4), respectively.  
There were 6 other peaks in the profile which accounted for < 2 % of radioactivity.

 To identify the metabolites, the LC/MS/MS total ion chromatograms and the MS/MS 
spectra were compared with those of the extract of reaction mixtures after incubation of 
[14C]-RSC-297995 at the concentration of 50 μmol/L for 4 hr with cryopreserved human 
hepatocytes.  

 The peak at 38 min considered as unchanged RSC-297995 was identified as RSC-
297995. The peak at 29 min labeled HHM2 was identified as RSC-297995 3-O- β-D-
glucuronide. The peak at 32 min labeled HHM3 was identified as Nor-RSC-297995. The 
peak at 34 min labeled HHM4 was identified as RSC-297995 6-O-β-D-glucuronide.

 The chemical structures of HHM6, HHM7 and HHM9 identified at 40 min, 44 min and 
47 min in the chromatogram could not be speculated in this study.  The peaks 
corresponding to HHM7 and HHM9 were also detected in the extract of the control 
sample and the standard solution, indicating a part of HHM7 and HHM9 might be 
derived from impurities from the test substance. The chemical structures of HHM1, 
HHM5 and HHM8 identified at 28 min, 36 min and 46 min in the chromatogram also 
couldn’t be speculated in this study.

Conclusions: The major metabolic pathways of RSC-297995 are conjugate reactions with 
glucuronic acid at 3- or 6-hydroxyl group in morphinan structure and N-dealkylation at 
methylcyclopropane group, forming RSC-297995 3-O-β-D-glucuronide, RSC-297995 6-O-β-D-
glucuronide and Nor-RSC-297995 respectively as the major metabolites.

Reference ID: 4018135
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 study number 8221179: Identification of the responsible enzymes for [14C]-S-
297995 monotosylate metabolism

Study objectives: To identify CYP450 and UGT enzymes responsible for metabolism of 
naldemedine tosylate in human liver microsomes, HLMs and to identify their relative 
contribution to its clearance.

Methods:  Incubations to determine kinetic parameters of metabolism (Km and Vmax) were 
conducted in duplicate in HLMs (1 mg/mL) for 90 minutes with varying concentrations of [14C]-
S-297995 (1, 2.5, 5, 7.5, 10, 15, 25, 50, 75 and 100 μM) in the presence and absence of known 
CYP inhibitors.  Incubations were also conducted in cDNA expressed CYP isozymes and cDNA 
expressed UGT enzymes.  Reactions were initiated with NADPH and/or UDPGA and terminated 
by acetonitrile after an appropriate incubation time. Following centrifugation, the recovery of 
radioactivity from protein-free supernatants was determined by liquid scintillation counting.

Reference ID: 4018135

(b) (4)
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Experiments to determine the CYP isozymes involved in [14C]-S-297995 metabolism were 
conducted in duplicate using microsomes obtained from insect cells over-expressing cDNA for 
human CYP isozymes (SupersomesTM).  Incubations were conducted for 90 minutes using 50 
µM radiolabeled drug, and SupersomesTM for CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, 
CYP2C19, CYP2D6, CYP2E1, CYP3A4 or control Supersomes.  Incubations with human UGT 
SupersomesTM (UGT1A1, UGT1A3, UGT1A4, UGT1A6, UGT1A9, UGT2B4, UGT2B7, 
UGT2B15 and UGT2B17) were conducted in triplicate.

Experiments to determine the effects of CYP isozyme-selective inhibitors on [14C]-S-297995 
monotosylate metabolism were conducted in triplicate using pooled human liver microsomes. 
Incubation mixtures included microsomal protein (1 mg/mL), [14C]-S-297995 monotosylate (50 
μM) and the following selective chemical inhibitors or monoclonal antibodies: furafylline 
(CYP1A2; 10 μM), anti-CYP2A6 monoclonal antibody (antibody:protein ratio 1:5), ThioTEPA 
(CYP2B6; 50 μM), trimethoprim (CYP2C8; 250 μM), sulphaphenazole (CYP2C9; 20 μM), 
benzylnirvanol (CYP2C19; 10 μM), quinidine (CYP2D6; 3 μM), anti-CYP2E1 monoclonal 
antibody (antibody:protein ratio 1:5) and ketoconazole (CYP3A4; 1 μM).  Incubations were 
terminated after 90 minutes.

Results: 

 Three metabolites (S-297995 3-O-ß-D-glucuronide, Nor-S-297995 and S-297995 6-O-ß-
D-glucuronide) were observed following incubation of [14C]-S-297995 (10 μM) with 
human liver microsomes in the presence of NADPH and UDPGA.  

 Michaelis-Menten kinetics for the metabolism of [14C]-S-297995 to the main metabolite 
Nor-S-297995 were calculated with the Km of 217 ± 32 μM and the Vmax of the reaction 
was 107 ± 12 pmoles/mg/min. Based on the Eadie Hofstee plot which indicated a 
biphasic metabolism, kinetic parameters were calculated for both the low and high 
affinity components.  For the low affinity component (k2), the Km was 53.0 ± 8.8 μM 
and the Vmax of the reaction was 32.9 ± 4.7 pmoles/mg/min. For the high affinity 
component (k1), the Km was 246 ± 24 μM and Vmax was 116 ± 9.3 pmoles/mg/min. 
Biphasic kinetic data indicates that multiple enzymes (high and low affinity) contributed 
to the total metabolism of [14C]-S-297995.

 The metabolism of [14C]-S-297995 to metabolite S-297995-3-O-ß-D-glucuronide 
exhibited normal Michaelis-Menten kinetics. Km was calculated as 182 ± 98 μM and the 
Vmax of the reaction was 27.3 ± 10.6 pmoles/mg/min.

 The kinetic parameters for the formation of S-297995-6-O-ß-D-glucuronide also 
exhibited normal Michaelis-Menten kinetics. Km was calculated as 165 ± 97 μM and the 
Vmax of the reaction was 13.9 ± 5.7 pmoles/mg/min.

 In recombinant CYP450 incubations, the formation of Nor-S-297995, which accounted 
for 4.05% of radioactivity, was predominantly mediated by CYP3A4 Supersomes™. The 
Nor-S-297995 metabolite was also identified after incubation with CYP2C19 
Supersomes™ (metabolite accounted for 0.44% of the radioactivity). No other 
Supersomes™ mediated the formation of Nor-S-297995.

Reference ID: 4018135
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 In recombinant UGT incubations, the formation of S-297995-3-O-ß-D-glucuronide and 
S-297995 6-O-ß-D-glucuronide was predominantly mediated by UGT1A3 UGT isozyme, 
accounting for 18.1% and 2.23% of the injected radioactivity, respectively.

 While in recombinant systems, UGT1A3 more efficiently cleared naldemedine 
(metabolizing 18 % of chromatogram radioactivity) compared to CYP3A4 (metabolizing 
~ 4% of radioactivity), in the HLMs, it appears that CYP3A4 metabolism was 
predominant compared to glucuronidation. Overall, the turnover of drug upon incubation 
in HLMs was ~ 20 % at the end of 90 minutes. 

 Following incubation with isozyme specific inhibitors, the formation of Nor-S-297995 
was potently inhibited by the CYP3A4 inhibitor ketoconazole (84.3%). No other 
selective inhibitor inhibited the formation of Nor-S-297995 by more than 16%.

% remaining S-297995 following incubation of [14C]-S-297995 (5 uM) with pooled HLMs

Reference ID: 4018135
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Reference ID: 4018135
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Study No.: R-297995-PF-067-N:  Study on P-glycoprotein mediated drug interaction of RS-
297995 monotosylate

Study objective:  to investigate whether RSC-297995 is a substrate and/or inhibitor of P-
glycoprotein (P-gp) using bidirectional permeability assay.

Methods: Caco-2 cells were grown 21-28 days for the bi-directional transport assay. Prior to the 
assay, each batch of cells underwent ASLP quality control test: the permeability of control 
compounds, digoxin, atenolol, propranolol, and lucifer yellow (LY) was measured.  The 
transepithelial electrical resistance (TEER) was measured for each membrane.  The acceptable 
membrane integrity and efflux transporter expression criteria were: propranolol permeability 15 - 
25 × 10-6 cm/s, LY permeability ≤ 0.4 × 10-6 cm/s, atenolol permeability ≤ 0.5 × 10-6 cm/s, and 
digoxin efflux ratio ≥ 3 with pre-experiment TEER values between 450 and 650 Ω⋅cm2.

P-gp substrate assessment:  The transport of RSC-297995 at 0.2, 1, and 5 μM in AP to BL and 
BL to AP directions was measured in Caco-2 cells.  The Caco-2 plates were placed in a 
humidified incubator (37 ± 2°C, 5 ± 1% CO2) for 120 minutes. Each determination was 
performed in triplicate. Aliquots (200 μL) were taken from the receiver compartment at 30, 60, 
and 120 minutes.  Aliquots (50 μL) were taken from the donor compartment at 0, 60, and 120 
minutes.  In parallel, bidirectional permeability of digoxin, a known P-gp substrate was 
performed.  The apparent permeability and percent recovery of RSC-297995 and digoxin were 
calculated.

To further evaluate RSC-297995 as a possible P-gp substrate, the bi-directional permeability of 
RSC-297995 at 0.2 μM was also measured in the absence and presence of two Pgp inhibitors, 
CsA and ketoconazole. The known P-gp inhibitors were added to both the donor and receiver 
sides with a final concentration of 10 μM. The sampling profiles of RSC-297995 were described 
as above. In parallel, the bi-directional permeability of digoxin was also measured with the same 
cell batch in the absence and presence of CsA and ketoconazole.  

P-gp inhibitor assessment:  The bi-directional transport of digoxin was measured in the absence 
and presence of RSC-297995, CsA, and ketoconazole in Caco-2 cells. A 15-minute pre-
incubation with 5 μM RSC-297995, 10 μM CsA, or 10 μM ketoconazole solution was performed 
to inhibit the functions of P-gp. The Caco-2 plates were placed in a humidified incubator (37 ± 
2°C, 5 ± 1% CO2) for 120 minutes. Each determination was performed in triplicate. Samples 
were taken from the receiver compartment at 60 and 120 minutes, and from the donor 
compartment at 0 and 120 minutes.

Sample Analysis - RSC-297995 and digoxin samples were analyzed by LC-MS/MS.

The apparent permeability, recovery, and efflux ratio were calculated using standard equations.

Results:    P-gp Substrate assessment:  

RSC-297995 is a p-glycoprotein (P-gp) substrate.  In an earlier study with varying concentrations 
of RS-297995 (0.2 uM , 1, and 5 uM), the efflux ratios were 32.7, 39.4, and 24.9, respectively. 

Reference ID: 4018135
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For the known p-gp substrate drug digoxin (10 uM), the efflux ratio was 36.8. The mean 
recoveries in the first study were not similar for AP to BL and BL to AP experiments, with the 
latter showing lower recovery at 0.2 and 1 uM concentration.  It doesn’t appear that the sponsor 
has made a correction for this difference in recovery values.  

In a subsequent study, at a concentration of 0.2 uM, the efflux ratio of RSC-297995 was still 
high (26.3) similar to that of digoxin (25.1). Known p-gp inhibitors cyclosporine and 
ketoconazole significantly reduced the efflux of RSC-297995 (ratios of 1.6, and 1.7, 
respectively). Similar effects of p-gp inhibitors were noted on the efflux of digoxin.  The mean 
recovery values were consistent from A to B and B to A experiments in this study; data from this 
study are shown below:
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P-gp inhibitory potential:  Digoxin exhibited a high efflux ratio typical of a sensitive p-gp 
substrate. In presence of 5 uM RSC297995 this efflux showed an apparent slight decrease, while 
known p-gp inhibitors cyclosporine and ketoconazole markedly reduced the efflux of digoxin. 
Thus, overall RSC-297995 doesn’t appear to be a P-gp inhibitor at the concentration evaluated.

Study R-297995-PF-064-N: In vitro enzyme inhibition of RSC-297995 in humans

Objectives:  This study was designed to evaluate the ability of RSC-297995 to inhibit, in vitro, 
the major CYP enzymes in human liver microsomes (namely CYP1A2, CYP2A6, CYP2B6, 
CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP2E1, CYP3A4/5 [using four different substrates] 
and CYP4A 11) to evaluate its potential to interfere with the metabolism of concomitantly 
administered drugs.  Both direct (competitive) and metabolism-dependent inhibitions were 
assessed.

Methods:  

To evaluate RSC-297995 as a direct inhibitor of CYP450 activity, human liver microsomes were 
incubated with marker substrates, at concentrations approximately equal to their apparent Km, in 
the presence or absence of RSC-297995. The target concentrations of RSC-297995 ranged from 
0.03 to 20 µM.  

In addition, RSC-297995 was evaluated for its ability to function as a time-dependent inhibitor at 
the same concentrations mentioned above, except RSC-297995 was pre-incubated with human 
liver microsomes and an NADPH-generating system for 30 minutes to allow for the generation 
of metabolites that might inhibit CYP activity. Known direct and metabolism-dependent 
inhibitors of CYP enzymes were included as positive controls. 
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The following positive controls were included during evaluation of direct inhibition:

The following positive controls were used in evaluation of time-dependent inhibition:

All analyses were performed with validated HPLC/MS/MS methods.  When inhibition of CYP 
enzyme activity was observed during the IC50 determination experiments, the data were 
processed for the determination of IC50 values by nonlinear regression.  

Results:  Under the conditions evaluated, little to no direct or time-dependent inhibition of major 
CYP450 enzymes by RSC-297995 was noted, based on the metabolism of known sensitive 
substrates.  IC50 values couldn’t be determined are therefore generally described to be > 20 µM, 
which was the highest concentration of the test drug evaluated. Maximum inhibition noted was 
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time-dependent inhibition of CYP3A4 ( 16 % at 20 uM).  All positive control inhibitors showed 
expected inhibition.

Study S-297995-PF-176-N: In vitro enzyme induction of S-297995 monotosylate in human 
hepatocytes

Objectives:  The objectives of this study were to measure the extent of change of specific marker 
enzymes (for CYP1A2, CYP3A4, UGT1A2, UGT1A6 and UGT2B7) following exposure of 
human hepatocytes to S-297995 monotosylate. [Note: CYP2B6 induction was evaluated in a 
separate study]

Methods:  Human hepatocytes were isolated and cultured for 36 hours prior to exposure to S-
297995 monotosylate at concentrations of 1, 3 or 10 μM. Cells were also incubated with 
omeprazole as an inducer of CYP1A2 and rifampicin as an inducer of CYP3A4, and a putative 
inducer of UGT1A2, UGT1A6 and UGT2B7. In addition to positive controls, hepatocytes were 
also exposed to vehicle controls.  After exposure to S-297995 monotosylate and inducers for 48 
hours, selective substrates for CYP1A2, CYP3A4, UGT1A2, UGT1A6 and UGT2B7- mediated 
activities were introduced (namely phenacetin, [14C]testosterone, estradiol, acetaminophen and 
morphine, respectively) and the effects of S-297995 monotosylate on these activities quantified 
in comparison with those elicited by the prototype inducers.

Fold induction relative to the corresponding control was used as the endpoint for the 
identification of treatment-related effects, where:

Fold induction = (enzyme activity in treated cells)/(activity of appropriate control cells)

Results:  

Phenacetin O-deethylase activities (as a marker for CYP1A2 activity) in each batch of 
hepatocytes incubated with S-297995 monotosylate at concentrations of 1, 3 or 10 μM were not 
found to be increased over those of the corresponding controls. In contrast phenacetin O-
deethylase activity in presence of omeprazole, a positive control inducer was increased by 37.4, 
17.6 and 32.1-fold in hepatocytes from donors 1, 2 and 3. 
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Following exposure of cells from Donor 1 to S-297995 monotosylate, there was evidence of a 
notable dose related increase in enzyme activity to a maximum of ~ 2.2 times that of the 
corresponding control. A similar increase was not elicited by S-297995 monotosylate in cells 
from Donor 3.  With donor 2, due to an atypically high enzyme activity in solvent control 
(methanol), use of this value as the denominator in calculations suggested an apparent treatment-
related decrease in enzyme activity in those cells treated with S-297995 monotosylate. Positive 
control, rifampicin was found to be an effective inducer of CYP3A-mediated activity in vitro (as 
measured by 6β-hydroxylation of testosterone), with 4.03, 4.53 and 2.62-fold increases observed 
over the corresponding controls in Donors 1, 2 and 3, respectively.

Rifampicin was used as a positive control inducer for UGTs in this study, although it generally 
failed to elicit a notable induction effect in hepatocytes from each of the three human donors.  
Sponsor notes that based on published data UGT enzymes may respond to inducers to a lesser 
degree and with more variability than that seen with cytochrome P450 enzymes.

Exposure of primary cultures of human hepatocytes to S-297995 monotosylate at a concentration 
of 1, 3 or 10 μM for 48 hours was not found to produce an appreciable treatment-related 
induction of enzyme activities mediated by UGT1A6 or UGT2B7.  For UGT1A3, a modest 
increase in activity of 1.2, 1.3 and 1.7-times that of the corresponding controls in cells from 
Donors 1, 2 and 3, respectively in presence of RSC-297995.  The relevance of this increase is 
unclear especially as the positive controls effects were not clearly elucidated on UGTs.

CYP1A2 induction potential data by donor:
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CYP3A4 induction potential data by donor:

Reference ID: 4018135



21

Because there was an instance at 10 uM where fold-increase in activity over control was > 2-fold 
for CYP3A4, to evaluate if there is a true potential for induction of CYP3A4, the percent of 
treatment induction response as compared to the positive control induction response was re-
calculated using the formula shown and reported in the table below. In general an induction 
response that is > 40 % of positive control is considered positive.  All values were less than 40 % 
of positive control.

CYP3A4 induction

% of positive 
control inducer

Donor 1 Donor 2 Donor 3

1 µM Test 2.45 % 1.01 % 2.79 %

3 µM Test 11.65 % 15.7 % 18.1 %

10 µM Test 26.1 % 21.7 % 19.5 %

Overall, data suggested absence of induction potential of CYP1A2 and CYP3A4 by S-297995.

Study No. S-297995-PF-298N:  CYP2B6 induction by S-297995 monotosylate in human 
hepatocytes

Objectives:  To investigate the effects of treating primary cultures of fresh human hepatocytes 
with S-297995 monotosylate on the expression of cytochrome P450 (CYP2B6) enzyme.
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Methods:  Three fresh preparations of cultured human hepatocytes from three separate livers 
were treated once daily for three consecutive days with dimethyl sulfoxide (DMSO, 0.1% v/v, 
vehicle control), flumazenil (25 μM, negative control), one of six concentrations of S-297995 
monotosylate (0.03, 0.1, 0.3, 1, 3 or 10 μM) or phenobarbital (750 μM, CYP2B6 inducer).

After treatment, the cells were incubated in situ with the appropriate marker substrate for the 
analysis of bupropion hydroxylation (marker for CYP2B6) by LC-MS/MS. Following the in situ 
incubation, the same hepatocytes from the same treatment groups were harvested with Buffer 
RLT to isolate RNA, which was analyzed by qRT-PCR to assess the effect of S-297995 
monotosylate on CYP2B6 mRNA levels. Cytotoxicity was assessed prior to incubation and after 
incubations with the various solvents, negative & positive controls and test substances.

Results:

At the time of isolation the viability of each hepatocyte preparation was between 73.6 and 
85.0%.  There was little to no change in cell morphology as a result of treatment with up to 10 
μM S 297995 monotosylate.

Treatment of cultured human hepatocytes once daily for three consecutive days with 
phenobarbital (positive control inducer) caused increases ranging from 6.64- to 15.7-fold change 
in bupropion hydroxylation (CYP2B6 activity). Treatment with the non-inducer, flumazenil, had 
little or no effect on CYP2B6 activity with changes ranging from 0.86 - to 1.18-fold change.

Treatment with the controls and the test substances is summarized in table below.  Treatment 
with up to 3 μM (cultures H1186 and H1187) or 10 μM (culture H1185) S−297995 monotosylate 
caused little to no change (< 2-fold change) in CYP2B6 activity while treatment of cultures 
H1186 andH1187 with 10 μM S-297995 monotosylate caused a 2.97- and 2.11-fold change, 
respectively, in CYP2B6 activity; however, these increases were < 20% (13.4 and 9.21%, 
respectively) of the positive control, phenobarbital.  The effect of varying concentrations of the 
test drug on CYP2B6 activity was varied across the concentrations evaluated but overall, the 
induction was not greater than 40 % of the positive control.
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Treatment of cultured human hepatocytes once daily for three consecutive days with 
phenobarbital caused increases ranging from 11.7- to 32.1-fold change in CYP2B6 mRNA 
levels. Treatment with the non-inducer, flumazenil, had little or no effect on CYP2B6 mRNA 
levels with changes ranging from 0.834- to 1.11-fold change. Treatment with up to 10 μM 
S−297995 monotosylate caused little to no change (< 2-fold change and < 20% of the positive 
control, phenobarbital) in CYP2B6 mRNA levels in culture H1185 (range 0.911- to 1.42-fold), 
H1186 (range 1.03- to 1.82-fold) and H1187 (range 0.760- to 1.62-fold).

Data suggest that at up to 10 μM S-297995 monotosylate did not significantly induce CYP2B6 in 
cryopreserved cultured human hepatocytes.

Study S-297995-PF-285-N: Substrate assessments for human transporters of S-297995 
monotosylate

Objectives: To evaluate the potential of S-297995 monotosylate as a substrate of hepatic 
(OATP1B1, OATP1B3, OCT1) or renal (OAT1, OAT3, OCT2) uptake transporters or apical 
efflux transporter BCRP 

Methods:  Uptake assays were performed using human uptake transporter-transfected HEK cells 
with 0.5 and 2 μM S-297995 for 2, 5, and 10 minutes. Under the assay conditions, the influx rate 
ratio of the test compound into transporter-transfected cells over vector control-transfected cells 
was evaluated.  The potential of S-297995 monotosylate as a substrate of apical efflux 
transporter BCRP was investigated by bi-directional transport assays using Caco-2 and CPT-B1 
cells. CPT-B1 cells are a sub clone of Caco-2 cells in which BCRP function was down-regulated 
via RNA interference. Evaluation of S-297995 as a substrate of BCRP was carried out at three 
concentrations of 0.5, 2, and 10 μM. Appropriate controls for the transporters were also included.
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Data analyses were conducted as follows: 

Uptake transporter related analysis:  The influx rates of test compound in the transporter- and 
vector control-transfected cells were determined. If the influx rate ratio was greater than 2.0, the 
test compound might be a substrate of the uptake transporter and a follow-up assay with a known 
inhibitor of the transporter would be indicated.

Efflux transporter related analysis:  The apparent permeability, recovery, and efflux ratio were 
calculated using standard equations.  

Results:

Uptake transporters:  Positive control drugs showed significantly higher influx ratios (> 2.0), 
suggesting the acceptability of the cell systems in evaluating these transporters.  
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The influx rate ratios of S-297995 were less than 2.0 for all uptake transporters under the test 
conditions evaluated (0.5 uM or 2 uM concentrations of test drug; and after 2, 5 or 10 minutes of 
incubations with test drug), thus S-297995 appears not to be a substrate of these uptake 
transporters.

Efflux (BCRP) transporter:  The efflux ratio of BCRP probe substrate E3S decreased from 64.5 
in Caco-2 cells to 28.3 in BCRP deficient CPT-B1 cells, indicating a reduced functional activity 
in CPT-B1 cells.
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For the test drug S-297995, the efflux ratios were high in Caco-2 as previously noted in the p-gp 
substrate potential evaluation study.  However, efflux ratios in the BCRP deficient CPT-B1 cells 
were even higher, which is not characteristic of a BCRP substrate, as seen with E3S, whose 
efflux ratio actually decreased in the CPT-B1 cells.  Sponsor notes that the higher efflux may be 
due to P-gp over-expression in the CPT-B1 cell line and that S-297995 itself is therefore not a 
BCRP substrate.

S-297995-PF-297N: Inhibitor assessments for human transporters of S-297995 
monotosylate

Objectives: to assess in vitro, whether S-297995 monotosylate inhibits the activity of BCRP, 
OATP1B1, OATP1B3, OCT1, OCT2, OAT1 and OAT3 using MDCKII-BCRP cells, MDCKII-
OAT3 cells and recombinant OATP1B1, OATP1B3, OCT1, OCT2 and OAT1 expressing CHO 
cells.

Methods:  Inhibitor assessments via transporters were carried out with stably transporter 
expressing cells, as described below. 

Cells and experimental conditions for uptake transporter and monolayer assays:
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Test Substance and Final Concentrations: S-297995 monotosylate: 0, 5 and 10 μmol/L; Each 
incubation was performed in triplicate.

Incubation Times:

MDCKII-BCRP cells: 1 hr; OATP1B1, OATP1B3 and OCT2 expressing CHO cells: 10 min;

OCT1 expressing CHO cells: 20 min; OAT1 expressing CHO cells: 3 min; MDCKII-OAT3 
cells: 3 min

Determination of Permeability Coefficient (BCRP):  In this inhibitory layout, S-297995 
monotosylate or Ko134 was added to both chambers of the wells. After incubation at 37°C, 
aliquots (100 μL) were taken from the receptor chambers to determine the amount of 
translocated [3H]prazosin in the presence or absence of S-297995 monotosylate or Ko134. 
Samples containing [3H]prazosin was mixed with 900 μL of scintillation cocktail and was 
analyzed by scintillation counting. The donor compartments were sampled before and after 
incubation to determine the initial concentration and recovery of [3H]prazosin. Transepithelial 
electric resistance (TEER) of each well was measured to confirm the confluency of the 
monolayers prior to the experiments. Apical to basolateral (A-B) permeability of Lucifer Yellow 
was assessed as a low permeability marker, and antipyrine was used as a marker for high 
permeability.

Measurement of Uptake Amount into MDCKII-OAT3 Cells and Transporter Expressing CHO 
Cells: Uptake experiments were carried out at 37°C in 50 μL of HK buffer (pH 7.4) containing 
the probe substrate in the presence or absence of S-297995 monotosylate or each representative 
inhibitor. After the designated incubation time, cells were washed twice with 100 μL of HK 
buffer and lysed with 50 μL of 0.1 mol/L NaOH (1 mmol/L CaCl2 in 5% SDS in case of 
OATP1B3). Fluo-3 uptake (OATP1B3) was determined by measuring fluorescence (λex=485 
nm, λem=520 nm). Radiolabelled probe substrate uptake was determined by measuring an 
aliquot (35 μL) from each well for liquid scintillation counting. Results were plotted as inhibition 
of transporter-specific transport [relative activity (%)] vs. S-297995 monotosylate concentration 
or a representative inhibitor (μmol/L).

Results: The inhibitory effect of S-297995 monotosylate on BCRP was evaluated in the 
monolayer efflux assay by measuring prazosin transport.  In the presence of a representative 

Reference ID: 4018135



28

inhibitor, Ko134 at 1 μmol/L, the net ER of prazosin was reduced to 0.8. The net ER of prazosin 
was 13.6 or 13.1 in the absence or presence of S-297995 monotosylate, respectively, indicating 
that S-297995 monotosylate is probably not an inhibitor of BCRP.  

The inhibitory effects of S-297995 monotosylate at 0, 1 and 5 μmol/L on the uptake of [3H]E3S 
into OATP1B1 expressing CHO cells and parent CHO cells were investigated. In the presence of 
cerivastatin (300 μmol/L), a representative inhibitor of OATP1B1, the uptake of [3H]E3S via 
OATP1B1 was reduced significantly and the relative activity was 2.7%. Inhibitory effect of S-
297995 monotosylate on the uptake of [3H]E3S by OATP1B1 was negligible and the relative 
activity in the presence of S-297995 monotosylate at 5 μmol/L was 89.5%.  

The inhibitory effects of S-297995 monotosylate at 0, 1 and 5 μmol/L on the uptake of Fluo-3 
into OATP1B3 expressing CHO cells and parent CHO cells were investigated. In the presence of 
fluvastatin (30 μmol/L), a representative inhibitor of OATP1B3, the uptake of Fluo-3 via 
OATP1B3 was reduced and the relative activity in the presence of fluvastatin was -68.7%. 
Sponsor notes that the negative value is due to the different protein content between the 
OATP1B3 expressing CHO cells and the parent CHO cells (0.011 or 0.008 mg protein/well, 
respectively).  Inhibitory effect of S-297995 monotosylate on the uptake of Fluo-3 via OATP1B3 
was negligible and the relative activity in the presence of S-297995 monotosylate at 5 μmol/L 
was 86.6%.

The inhibitory effects of S-297995 monotosylate at 0, 1 and 5 μmol/L on the uptake of 
[14C]metformin into OCT1 expressing CHO cells and parent CHO cells were investigated. In the 
presence of verapamil (100 μmol/L), a representative inhibitor of OCT1 and OCT2, the uptake of 
[14C]metformin via OCT1 was reduced. The relative activity in the presence of verapamil was 
1.5%. Inhibitory effect of S-297995 monotosylate on the uptake of [14C] metformin via OCT1 
was negligible and the relative activity in the presence of S-297995 monotosylate at 5 μmol/L 
was 97.5%.

The inhibitory effects of S-297995 monotosylate at 0, 1 and 5 μmol/L on the uptake of 
[14C]metformin into OCT2 expressing CHO cells and parent CHO cells were investigated. In the 
presence of verapamil (100 μmol/L), the uptake of [14C]metformin via OCT2 was reduced. The 
relative activity in the presence of verapamil was 3.2%. A weak inhibitory effect of S-297995 
monotosylate on the uptake of [14C]metformin by OCT2 was observed and the relative activity in 
the presence of S-297995 monotosylate at 5 μmol/L was 70.5%.

The inhibitory effects of S-297995 monotosylate at 0, 1 and 5 μmol/L on the uptake of [3H]PAH 
into OAT1 expressing CHO cells and parent CHO cells were investigated.  In the presence of 
benzbromarone (200 μmol/L), a representative inhibitor of OAT1, the uptake of [3H]PAH via 
OAT1 was reduced. The relative activity in the presence of benzbromarone was 4.8%. Inhibitory 
effect of S-297995 monotosylate on the uptake of [3H]PAH via OAT1 was negligible and the 
relative activity in the presence of S-297995 monotosylate at 5 μmol/L was 88.9%.

The inhibitory effects of S-297995 monotosylate at 0, 1 and 5 μmol/L on the uptake of [3H]E3S 
into OAT3 expressing CHO cells and parent CHO cells were investigated.  In the presence of 
probenecid (200 μmol/L), a representative inhibitor of OAT3, the uptake of [3H]E3S via OAT3 
were reduced. The relative activity in the presence of probenecid was 6.6%.  A significant 
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inhibitory effect of S-297995 monotosylate on the uptake of [3H]E3S by OAT3 was observed 
and the relative activity in the presence of S-297995 monotosylate at 5 μmol/L was 58.9%.

Overall conclusions:  In conclusion, S-297995 monotosylate showed no inhibitory effects for 
BCRP, OATP1B1, OATP1B3, OAT1 and OCT1, and would have a low potential for the drug-
drug interaction via these transporters. Regarding OCT2 and OAT3, weak inhibitory effects of S-
297995 monotosylate at 5 μmol/L were observed. However, considering the clinical relevant 
concentration, S-297995 monotosylate would not affect to the pharmacokinetics of substrates for 
these transporters.  

S-297995-PB-338-N: CYP Inhibition by Nor-297995 in Human Liver Microsomes

Objectives: The objectives of this study are to determine the inhibitory effects of nor-S-297995 
on selected cytochrome P450 (CYP) activities (CYP1A2, CYP2B6, CYP2C8, CYP2C9, 
CYP2C19, CYP2D6, and CYP3A4/5) in human liver microsomes, to assess direct inhibition and 
time-dependent inhibition (TDI), and to determine the IC50 values for any observed inhibitory 
effects.

Methods:
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Results:

In vitro Evaluation of Nor-S-297995 as an Inhibitor of Human CYP Enzymes

Performance of positive control inhibitors:
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Conclusions: In human liver microsomes, there was no evidence of direct or time-dependent 
inhibition of CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, or CYP3A4/5 by the 
metabolite, nor-naldemedine at 1 and 20 nmol/L, which are higher than the Cmax of nor-
naldemedine (0.283 nmol/L, 0.146 ng/mL) at intended clinical dose (0.2 mg/day) [Study S-
297995-PB-338-N]. Nor-naldemedine is therefore not expected to affect the pharmacokinetics of 
drugs that are substrates of these metabolic enzymes when co-administered with naldemedine.

S-297995-PB-339-R: CYP Induction by Nor-S-297995 in Cultured Human Hepatocytes

Objectives:  To elucidate the induction potency of nor-S-297995 on human hepatic drug-
metabolizing enzymes, enzyme induction study was performed using cultured human 
hepatocytes.

Methods:

Reference ID: 4018135





34

Conclusions: Nor-naldemedine does not induce CYP enzymes in human hepatocytes.

R-297995-PB-024-N: In vitro protein binding of [14C]-RSC-297995 monotosylate
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Objectives: To evaluate protein binding potential of NME

Methods: Protein binding studies were carried out by the ultrafiltration method (Centrifree YM-
30, at 2,500 rpm for 1, 3, 5, 10 or 15 min at 37°C).  By using the serum and refined protein 
samples containing [14C]-RSC-297995 at 0.02, 0.2 and 2 μg/mL, protein binding ratios were 
calculated. Radioactivity was determined by a liquid scintillation counter. The compositions of 
radioactivity in sera following the incubation were analyzed by radio-HPLC.

Results: The protein binding ratios of [14C]-RSC-297995 in human sera were in the range of 
93.2-94.2%. There were no concentration-dependent changes of the protein binding ratios at 
0.02-2 μg/mL in all species. [14C]-RSC-297995 was predominantly bound to human serum 
albumin with the binding ratios of 95.3-96.0%. The binding ratios of [14C]-RSC-297995 in 4% 
albumin solution were 95.3-96.0%, which were the highest values in all proteins tested, at 
concentrations of 0.02-2 μg/mL.  The binding ratios of [14C]-RSC-297995 in 0.08% α1-acid 
glycoprotein solution were 22.7-25.9%, at these concentrations. The binding ratios of [14C]-
RSC-297995 in 1% γ-globulin solution were 17.2-19.5% at these concentrations.

S-297995-PB-169-N: Protein binding sites of [oxadiazole-14C]-S-297995 monotosylate

Objectives:  To identify the protein binding sites of S-297995 on human serum albumin, HSA

Methods: Protein binding ratios of [oxadiazole-14C]-S-297995 were evaluated with or without 
site-specific drugs. Protein binding ratio was calculated from the concentrations of radioactivity 
in protein sample and filtrate. Radioactivity determination was done with a liquid scintillation 
counter. 

The concentrations of radioactivity in the protein sample and filtrate were determined, and then 
the ratio of unbound drug (fu) and the ratio of protein binding were calculated by the following 
equation (1) and (2), respectively.

Identification of binding sites was done under the following conditions:

Concentration of [oxadiazole-14C]-S-297995 monotosylate: 0.2 μg/mL (0.35 μmol/L, as S-
297995)

Concentration of HSA: 0.2%
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Drug-drug interaction under clinical condition was evaluated under the following conditions:

Concentration of [oxadiazole-14C]-S-297995 monotosylate: 0.2 μg/mL (0.35 μmol/L, as S-
297995)

Concentration of HSA: 4%

Site specific inhibitors used: Warfarin (Site I), diazepam (Site II) and digitoxin (Site III)

Results: In the case of warfarin (Table 1), the binding ratios of [oxadiazole-14C]-S-297995 
hardly changed in the presence of warfarin at concentrations up to 7 μmol/L, whereas 
significantly decreased at a concentration of 14 μmol/L. In the presence of diazepam (Table 2), 
the protein binding of [oxadiazole-14C]-S-297995 was significantly inhibited at the all 
concentrations of diazepam used. On the other hand, in the case of digitoxin (Table 3), regardless 
of the concentration of digitoxin, the protein binding ratios of [oxadiazole-14C]-S-297995 did 
not significantly decrease compared with vehicle control. From these results, it was considered 
that the binding sites of S-297995 were Site I and Site II on HSA. 
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As it was clarified S-297995 bound to Site I and Site II on HSA, the inhibitory effects of 
warfarin and diazepam to the protein binding of S-297995 were investigated under the clinical 
conditions. The HSA concentration was set at 4%, and the warfarin and diazepam concentrations 
were set at 1.75 and 14 μmol/L. The results are shown in Table 4. The protein binding of 
[oxadiazole-14C]-S-297995 was not affected by warfarin at both concentrations. On the other 
hand, the protein binding ratio of [oxadiazole-14C]-S-297995 was significantly decreased by 
diazepam at a concentration of 1.75 μmol/L. However, as the diazepam at a concentration of 14 
μmol/L did not inhibit the protein binding of [oxadiazole-14C]-S-297995, it was considered that 
the protein binding of [oxadiazole-14C]-S-297995 was not affected by diazepam. These results 
suggested that the potential of drug-drug interaction attributed to the change of protein binding 
ratio of S-297995 would be low below a concentration of 0.2 μg/mL.  

Conclusions: As results of the displacement studies using the site-specific inhibitor of each 
binding site on HSA, it was considered that S-297995 bound to Site I and Site II on HSA. 
Moreover, it was suggested that the potential of drug-drug interaction attributed to the change of 
protein binding ratio of S-297995 would be low below a concentration of 0.2 μg/mL in the 
clinical use of S-297995.
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Review of Human Mass Balance Study

Study 1016V9215- A Phase 1 Study to Investigate the Absorption, Metabolism, and Excretion of 
[14C]-S-297995 Following Oral Dose Administration in Healthy Male Subjects

Objectives:

The primary objectives of this study were:

• to assess the pharmacokinetics (PK) of a single dose of S-297995 and its metabolites using 
[14C]-S-297995.

• to determine the whole blood and plasma concentrations of total radioactivity.

• to determine the urinary/fecal recovery of total radioactivity.

Secondary Objectives

The secondary objective of this study was to assess the safety and tolerability of S-297995.

Methods: This was a Phase 1, open-label, single center, non-randomized, absorption, 
metabolism, and excretion study conducted in 12 healthy male subjects.  Subjects were non-
smoking males, between 18 and 45 years of age (inclusive), with a body mass index between 
18.5 and 29.9 kg/m2, inclusive and in good health.  6 subjects per cohort received the following 
single 2 mg doses (free base form of radiolabeled S-297995) in the form of an oral solution:

• Cohort 1: [Oxadiazole-14C]-S-297995 monotosylate

• Cohort 2: [Carbonyl-14C]-S-297995 monotosylate

Blood samples for plasma concentrations of S-297995 and S-297995 associated metabolites 
(Nor-S-297995, S-297995 3-O-β-D-glucuronide, S-297995 6-O-β-D-glucuronide, S-297995 
carboxylic acid and Benzamidine) were collected at the following time points for each cohort: 0 
hour (pre dose), 0.25, 0.5, 0.75, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 24, 36, 48, 72, 96, and 120 
hours post dose. Blood samples for whole blood total radioactivity analysis and plasma total 
radioactivity analysis occurred at the following time points: 0 hour (pre dose), 0.25, 0.5, 0.75, 1, 
1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 24, 36, 48, 72, 96, and 120 hours post dose. Blood samples for 
metabolite profiling in plasma were collected at 0 hour (pre dose), 1, 2, 4, 8, 12, 24, 48, 72, and 
96 hours post dose.
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Pharmacokinetic and Total Radioactivity Urine Sample Collection: For each cohort, urine 
samples for PK, total radioactivity analysis, and/or for metabolite profiling and identification 
were collected at the following intervals: -12 to 0 hours (pre-dose), 0 to 4, 4 to 8, 8 to 12, 12 to 
24 hours post-dose, and at 24 hour intervals through 120 hours post-dose and at 24 hour intervals 
thereafter until Study Discharge criteria were met.

Total Radioactivity Fecal Sample Collection: For each cohort, fecal samples for total 
radioactivity analysis and/or metabolite profiling and identification were collected at the 
following time intervals: approximately -24 to 0 hours (pre-dose), 0 to 24 hours post-dose, and at 
24 hour intervals through 120 hours post-dose.

For each subject, the following PK parameters of S-297995 and its metabolites were calculated, 
whenever possible, based on the plasma concentrations of S-297995 and its metabolites and 
concentrations of total radioactivity in whole blood and plasma using the non-compartmental 
model in WinNonlin (Pharsight Corporation, Version 5.2):

Cmax, Tmax, AUCt, AUCinf, % AUCextrap, lambdaZ, T1/2, CL/F, Vs/F, Molar Ratio MR of 
metabolite to parent for Cmax and AUC.

In addition, the following ratios were calculated for each subject:

• blood: plasma concentrations for total radioactivity

• plasma concentrations of S-297995: plasma total radioactivity

• plasma concentrations of S-297995 + metabolites (corrected for molecular weight): plasma 
total radioactivity

• Cmax and AUC0-∞ for S-297995: plasma total radioactivity

• Cmax and AUC0-∞ for S-297995 + metabolites: plasma total radioactivity

• Cmax and AUC0-∞ for whole blood radioactivity: plasma total radioactivity

The following PK parameters based on urine concentrations of S-297995, its metabolites, and 
total radioactivity were calculated for each subject, whenever possible:

Aeu Amount of drug excreted in the urine over the sampling interval

CLR Renal clearance, where CLR = Aeu/AUC0-∞

%Feu Percent excreted in the urine, where %Excreted = 100 × (Aeu/dose)

The following PK parameters were calculated, whenever possible, for each subject based on the 
fecal total radioactivity concentrations:

Aef Amount of drug excreted in the feces over the sampling interval

%Fef Percent excreted in the feces, where %Excreted = 100 x (Aef/dose)
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Concentrations of radioactivity in whole blood, plasma, urine, and feces and the percent of dose 
in urine and feces samples were determined by  
following appropriate sample processing procedures.

Results: 

             

Plasma PK:  The pharmacokinetics of S-297995 exhibited a median Tmax value of 
approximately 1 hour post-dose and a mean terminal t1/2 of approximately 11 hours. The 
metabolites Nor-S-297995 and S-297995-3-O-β-D-glucuronide were less abundant than parent 
compound, amounting to ~ 9 - 13 % and < 2 % of parent exposure respectively, based on AUC. 
The metabolites S-297995-6-O-β-D-glucuronide, S-297995 carboxylic acid, and Benzamidine 
were not detected in the systemic circulation after a single oral dose of 2 mg S-297995.

Plasma total radioactivity:  The plasma total radioactivity concentration time profiles were 
similar for both [Oxadiazole-14C]-S-297995 and [Carbonyl-14C]-S-297995 labeled doses and the 
rate of absorption was similar to that seen for S-297995. At the first sampling time (0.25 hours 
post dose), parent drug S-297995 was noted to account for approximately 95% of plasma total 
radioactivity, suggesting that S-297995 undergoes minor first pass metabolism. The rate of 
elimination of plasma total radioactivity was slower than that seen for parent compound 
indicating the presence of slower eliminating metabolites.  The mean plasma total radioactivity 
t1/2,z was ~ 20 and 16 hours, respectively, for [Oxadiazole-14C]-S-297995 and [Carbonyl-14C]-
S-297995 compared to 11 hours for S-297995.  The geometric mean total systemic exposure 
(based on AUC) of all drug related material analyzed by LC-MS/MS accounted for 65 to 74% of 
total radioactivity, suggesting the presence of additional metabolites not measured by LC-
MS/MS.
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The mean concentration-time profile for total radioactivity in whole blood was similar to that for 
plasma total radioactivity. Geometric mean Cmax and AUC0-∞ values for whole blood were 
approximately 35 to 39% lower than plasma radioactivity.  Up to 18% of radioactivity of S-
297995 related material was found in red blood cells, after both [Oxadiazole-14C]- S-297995 and 
[Carbonyl-14C]-S-297995 doses. The % bound to RBCs increased up to 34% at 48 hours post 
dose following [Oxadiazole-14C]-S-297995 administrations suggesting that a radiolabeled 
metabolite formed later in time and unique to this radiolabel position has a greater binding 
affinity to RBCs compared to other metabolites.  

Excretion of drug related material in urine and feces:  

Greater than 90 % combined recovery was noted in urine and feces after oral dosing of 2 mg 
radiolabeled drug.  The figures below summarize total recovery and the recovery in urine and 
feces after the oxadiazole or carbonyl labeled drug. The degree of renal elimination was greater 
following administration of [Oxadiazole-14C]-S-297995, which indicates the presence of a 
renally cleared radiolabeled metabolite unique to this radiolabel position [Internal notes: Based 
on its chemical structure, benzamidine which was noted at 30 % of dose in urine would only be 
detected if the radiolabel is in the oxadiazole position but would not be identified with radiolabel 
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at carbonyl position; see structure of benzamidine in the metabolic pathway proposed below]. 
On the other hand, the extent of fecal elimination of total radioactivity was greater following 
administration of [Carbonyl-14C]-S-297995, suggesting the presence of a radiolabeled metabolite 
unique to this radiolabel position which undergoes biliary elimination.

Approximately 20% of S-297995 dose was recovered in urine as (unchanged) parent compound. 
The metabolite Benzamidine, which was not detected in the systemic circulation, was found in 
urine at approximately 30% of dose, and S-297995 3-O-β-D-glucuronide was noted at 0.4 % of 
dose.  
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Minor urinary metabolites included M15 (hippuric acid; mean 3.25% of dose for [oxadiazole-
14C]-naldemedine), metabolite M12 (mean 0.375% of dose for [oxadiazole-14C]-naldemedine), 
and naldemedine 3-G (mean 0.0650% of dose for [carbonyl-14C]-naldemedine).

Radiochemical profiles of total radioactivity in feces were markedly different after 
administration of [oxadiazole-14C]-naldemedine or [carbonyl-14C]-naldemedine. For 
[oxadiazole-14C]-naldemedine, benzamidine was the predominant metabolite in feces and 
accounted for 20.3% of the administered dose. Thirteen unidentified metabolites individually 
accounted for less than 0.8% of the dose and cumulatively accounted for less than 2.5% of the 
dose.

In [carbonyl-14C]-naldemedine, naldemedine carboxylic acid, M17 (speculated to be a nor-
naldemedine carboxylic acid), M25 (speculated to be a dioxy-naldemedine carboxylic acid), 
M27 (speculated to be an oxy-naldemedine carboxylic acid), and 29 unidentified metabolites 
were quantified. Naldemedine carboxylic acid was the most abundant metabolite in feces and 
accounted for 7.11% of the dose, whereas M17 was the second most abundant component and 
accounted for 6.52% of the dose. Unidentified metabolites individually accounted for less than 
2.5% of the dose and cumulatively for approximately 16.4% of the dose.

Conclusions:  The mass balance study provided 90 % or greater recovery of total dose in urine 
and feces.  At least 20 % of the dose was recovered as parent drug in the urine.  Sponsor noted in 
their IR response dated 07/28/2016 that unchanged naldemedine was not detected in feces.  The 
metabolites were formed at markedly lower concentrations relative to parent naldemedine, with 
nor-naldemedine as major metabolite at 9-13 % of the parent AUC.  Benzamidine was not noted 
in the systemic circulation, but was predominant metabolite in urine and in feces.  The longer 
elimination profiles of total radioactivity in plasma and whole blood relative to parent naloxegol 
suggest presence of slower eliminating metabolites.  

While % unchanged in urine was 20 %, unchanged drug in feces has not been provided in this 
study.

IR request and sponsor responses:

1. For the Mass Balance Study I 0 l6V9215, clarify the percentage of radioactivity in feces that 
corresponds to unchanged drug.

2. Based on the overall data, discuss the significance of biliary secretion in the elimination of 
naldemedine in humans (i.e., biliary clearance as % of total body clearance).
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Shionogi hereby submits the complete responses to this IR.

Response 1: Radioactivity in feces that corresponds to unchanged drug was not detected after

administration of [oxadiazole-14C}-naldemedine monotosylate (cohort 1) or [carbonyl-
14C]naldemedine monotosylate (cohort 2) to human subjects (Final report 8230666, attachment 
for

CSR of mass balance study). In the report, only the detected substances were presented.

Response 2: As naldemedine excreted in bile was extensively metabolized by enterobacteria, 
significance of biliary secretion in the elimination of naldemedine could not be estimated exactly 
in humans based on the fecal data of mass balance study. In the nonclinical study using rats and 
dogs, cumulative excretion ofnaldemedine in bile was up to 13.9% of dose after a single oral 
administration of [14 C]-naldemedine tosylate (CTD4. 2. 2. 2, CTD4. 2. 2. 4, CTD4. 2. 2. 5), 
suggesting some contribution of biliary secretion in human.

The following is the proposed metabolic pathway of naldemedine (or S-297995):
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Single dose Pharmacokinetics

Study 0824V9211 was a phase 1 single dose clinical study of S-297995 in healthy Japanese 
Males. This was a randomized, double-blind, placebo controlled, single escalating dose cohort, 
phase 1 study in 56 healthy male volunteers ages ≥ 20 and < 40 years of age to evaluate the 
safety, tolerability and pharmacokinetics of S-297995.  Seven dose levels, i.e. 0.1, 0.3, 1, 3, 10, 
30 and 100 mg of S-297995 were evaluated and dosed as oral solution (0.1 mg to 30 mg doses or 
as oral suspension (100 mg dose) under fasted condition.  Placebo was identical in appearance. 
The purpose of placebo was accurately evaluating safety specific to S-297995.  8 subjects were 
selected for each dose level, and randomized 3 to 1 to drug or placebo.  Blood sampling times for 
drug concentration measurement were at 0.25, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 6, 8, 10, 12, 24 
and 32 hours after dosing.  For drug concentration measurement in urine, 0-6 hour, 6-12 hour 
and 12-24 hour post-dose urine was collected.  Based on plasma and urinary concentration data 
in individual subjects, the following pharmacokinetic parameters will be calculated for each 
subject regarding unchanged S-297995 and, wherever possible, the metabolites (Nor-S-297995, 
S-297995 3-O-β-D-glucuronide, S-297995 6-O-β-D-glucuronide and Benzamidine): Cmax 
(ng/mL), Tmax (h), AUClast (ng.h/mL), AUCinf (ng.h/mL), T1/2, z (h), CL/F (L/h), RatioAUC 
(molar ratio of metabolite to parent drug), Ur % (urinary excretion rate) measured from amount 
of urinary excretion of unchanged S-297995, Ae0-24h calculated from urinary concentration and 
urinary volume. Descriptive statistics were obtained for above PK.

Results:  Single doses of S-297995 ranging from 0.1 mg to 100 mg exhibited nearly dose-
proportional exposure, especially with respect to AUC.  PK was in general dose-independent in 
healthy volunteers.  Tmax was achieved rapidly at approximately a median (range) of 0.5 h (0.5 
to 1.0 h) post-dose.  T1/2 was similar across doses and approximately 9 h. Urinary excretion 
ranged from ~ 16 – 23 % in individuals.  Inter-subject variability in PK was low. 

Mean (% 
CV); 

N = 6

Cmax 
(ng/mL)

Tmax (h) AUClast

(ng.h/mL)

AUCinf

(ng h/mL)

T1/2,z (h) CL/F (L/h) Ur (%)

0 1 mg 2.1 (27 %) 0.5 (0.5 -1) 11.2 (22 %) 11.9 (23 %) 8.3 (9.7 %) 8.9 (27 %) 16.4 (24 %)

0 3 mg 4.5 (18 %) 0.5 (0.25 – 0.5) 29.9 (13 %) 32.9 (16%) 9.4 (22 %) 9.3 (17 %) 18 (11 %)

1 mg 17 (24 %) 0.5 (0.5 – 1.0) 103 (8 %) 108 (8 %) 7.6 (11 %) 9.3 (8 %) 19 (23 %)

3 mg 53 (13 %) 0.5 (0.25 – 1.5) 306 (15 %) 324 (15 %) 8.2 (15 %) 9.5 (16 %) 23 (8.5 %)

10 mg 223 (24 %) 0.5 (0.5 – 1.0) 1119 (19 %) 1151 (19 %) 6.6 (7 %) 9 (17 %) 21 (17 %)

30 mg 872 (36 %) 0.5 (0.5– 1.0) 3980 (24 %) 4066 (24 %) 6.11 (5 %) 7.8 (24 %) 20 (32 %)

100 mg 2560 (21 %) 0.5 13400 (15 %) 13540 (15 %) 5.02 (4 %) 7.5 (17 %) 21 (20 %)
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Mean plasma concentration – time curve of unchanged S-297995 after single oral administration

PK of metabolites (Nor-S-297995; S-297995 3-O-β-glucuronide; 6-O-β-glucuronide and 
benzamidine) are summarized in the table below for a clinically relevant dose range of 0.1 mg to 
3 mg and for the 10 mg dose.  In the Japanese healthy population enrolled in this study, Nor-S-
297995 was the major metabolite, with metabolite to parent drug ratio ranging from 0.2 – 0.25 
(or 20 – 25 %).  This value is higher than that noted in the healthy volunteer mass balance study, 
where Nor-S-297995 was noted to be around 9-13 %.  

In these volunteers, the 3-O-β-glucuronide was noted from the dose of 0.3 mg at a metabolite to 
parent ratio of ~ 0.02 i.e. 2 %.  The 6-O-β-glucuronide metabolite was not noted at the lowest 
doses of 0.1 mg and 0.3 mg.  At higher doses, this metabolite was noted at a metabolite to parent 
AUC ratio of ~ 0.1-0.2 %.  The metabolite benzamidine was found primarily in the urine alone, 
with metabolite ratios ranging 7.5 – 11.5 % of dose administered.  At the lowest dose of 0.1 mg, 
this value was even lower (1.4 %), but with much greater variability.

Metabolite PK following a single 0.1 mg dose of S-297995:

Cmax 
(ng/mL)

Tmax (h) AUClast 
(ng h/mL)

AUCinf 
(ng.h/mL)

T1/2, z (h) Metabolite 
Ratio (AUC)

Ur; Urinary 
excretion 
(%)

Nor-S-297995 0.09 (20 %) 3.5 (3 – 5) 1.1 (54 %) 2.7 (43 %) 22 (34 %) 0.25 (32 %) 0.16 (140 %)

3-O-β-
glucuronide

0.04 (196 %) 2.8 (1.5 – 4) 0.009 (196 
%)

NC NC NC 0.18 (82 %)

6-O-β-
glucuronide

0 NC 0 NC NC NC 0

Benzamidine 0 NC 0 NC NC NC 1.35 (245 %)
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Metabolite PK following a single 0.3 mg dose of S-297995:

Cmax 
(ng/mL)

Tmax (h) AUClast 
(ng h/mL)

AUCinf 
(ng.h/mL)

T1/2, z (h) Metabolite 
Ratio (AUC)

Ur; Urinary 
excretion 
(%)

Nor-S-297995 0.2 (42 %) 4 (3 – 5) 3.65 (33 %) 6 (46 %) 25 (46 %) 0.21 (29 %) 0.19 (68 %)

3-O-β-
glucuronide

0.08 (30 %) 1.8 (1 – 3) 0.34 (58 %) 0.86 (27 %) 7 (51 %) 0.02 (16 %) 0.27 (36 %)

6-O-β-
glucuronide

0 NC 0 0 NC NC 0

Benzamidine 0 NC 0 NC NC NC 7.9 (36 %)

Metabolite PK following a single 1 mg dose of S-297995:

Cmax 
(ng/mL)

Tmax (h) AUClast 
(ng h/mL)

AUCinf 
(ng.h/mL)

T1/2, z (h) Metabolite 
Ratio (AUC)

Ur; Urinary 
excretion 
(%)

Nor-S-297995 0.87 (30 %) 4.8 (3.5 – 5) 16.4 (30 %) 22 (30 %) 16.7 (13 %) 0.23 (37 %) 0.31 (37 %)

3-O-β-
glucuronide

0.34 (32 %) 2.5 (1.5 – 
4.5)

2.96 (52 %) 3.5 (46 %) 6.3 (27 %) 0.025 (48 %) 0.4 (36 %)

6-O-β-
glucuronide

0.02 (160 %) 2.5 0.03 (229 %) NC NC 0.001 (100 
%)

0.003 (128 
%)

Benzamidine 0 NC 0 NC NC NC 8.1 (23 %)

Metabolite PK following a single 3 mg dose of S-297995:

Cmax 
(ng/mL)

Tmax (h) AUClast 
(ng h/mL)

AUCinf 
(ng.h/mL)

T1/2, z (h) Metabolite 
Ratio (AUC)

Ur; Urinary 
excretion 
(%)

Nor-S-297995 2.6 (34 %) 5 (3.5 – 5) 47 (26 %) 85 (26 %) 28 (24 %) 0.29 (24 %) 0.35 (15 %)

3-O-β-
glucuronide

0.9 (35 %) 2.8 (1 – 5) 7.7 (25 %) 8.3 (23 %) 6.7 (9.5 %) 0.02 (20 %) 0.4 (22 %)

6-O-β-
glucuronide

0.09 (27 %) 3.3 (2 – 4.5) 0.36 (43 %) 0.80 (67 %) 5.8 (129 %) 0.002 (50 %) 0.015 (29 %)

Benzamidine 0 NC 0 NC NC NC 11.5 (36 %)

Metabolite PK following a single10 mg dose of S-297995:
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Conclusions:  Following single oral doses of S-297995 (in the form of oral solution) in Japanese 
volunteers, the exposure increased nearly proportion to dose over the dose range of 0.1 mg to 
100 mg. The PK characteristics were not dose-dependent, with Tmax at ~ 0.5 h, and a T1/2, z of 
9 h.  Urinary excretion of unchanged drug was approximately 16 – 20 %.  At least three 
metabolites were noted in the systemic circulation, and a fourth (benzamidine) in urine.  Nor-S-
297995 was the major metabolite, formed at ~20- 25 % relative to parent levels. The major 
metabolite had a longer elimination T1/2 compared to parent S-297995.

Multiple Dose Pharmacokinetics

Study 0917V9213 was a phase I multiple dose clinical study of S-297995 in healthy Japanese 
adult males. This was a single center, randomized, double-blind, placebo-controlled, multiple 
dose study (once daily for 10 days) of S-297995 in 36 healthy Japanese adult males between ages 
20 and 40 years.  Study objectives were to evaluate the safety, tolerability, and pharmacokinetics 
of multiple oral doses of S-297995. Cohorts of 12 subjects (9 on drug and 3 on placebo) were 
randomized to doses of 3 mg, 10 mg, or 30 mg. Dosing was in fasted state to accurately assess 
PK.  The study used 1 mg and 10 mg film coated tablets.  Blood sampling for PK was obtained 
immediately before dosing and at 0.25, 0.5, 0.75, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 24, 36 and 48 
hours after dosing. Urine collections were done on in 12 h intervals on day 1 and day 10 of 
dosing.  Based on plasma and urinary concentration data in individual subjects, the following 
pharmacokinetic parameters were calculated for each subject regarding unchanged S-297995 
and, wherever possible, its metabolites: Cmax, Tmax, AUC0-τ, T1/2,z, Metabolite ratio MR 
(based on Cmax and AUC), accumulation R (based on Cmax and AUC), urinary excretion ratio 
Ur (%).

Results: Mean plasma concentration time profiles are shown on day 1 and after final dose on day 
10.  Modest accumulation was noted at the two lower doses following multiple daily dosing of S-
297995:
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Arithmetic mean (% CV) plasma PK parameters are shown for unchanged S-297995 after single 
and multiple dosing at three dose levels on day 1 and day 10:

3 mg 10 mg 30 mg

Day 1 Day 10 Day 1 Day 10 Day 1 Day 10

Cmax (ng/mL) 59 (29 %) 76 (25 %) 182 (25 %) 222 (30 %) 750 (28 %) 718 (24 %)

Tmax (h) 0.75 [0.25-1.5] 0.5 [0.5 – 1] 0.75 [0.5 – 4] 0.75 [0.5 – 5] 0.75 [0.5 – 2] 0.75 [0.5 – 2.5]

AUCτ 
(ng h/mL)

346 (13 %) 413 (17 %) 1116 (21 %) 1240 (14 %) 3795 (13 %) 3757 (9 %)

AUCinf 
(ng h/mL)

379 (13 %) 1190 (23 %) 3952 (13 %)

T1/2, z (h) 39.1 (25 %) 43.7 (35 %) 46.4 (17 %)

RCmax 1.32 1.26 0.986

RAUC 1.19 1.13 0.998

Ur (% 18 (18 %) 20 (18 %) 15 (12 %) 17 (10 %) 20 (17 %) 20 (13 %)

The metabolite ratios for Nor-S-297995, 3-O-b-glucuronide, 6-O-b-glucuronide and benzamidine 
at various doses were as follows:

For Nor-S-297995, metabolite to parent ratio was 0.11 – 0.15 on day 1, and 0.19 – 0.24 over the 
dose range.  Accumulation of major metabolite following once daily dosing was more, compared 
to the parent drug due to its longer elimination T1/2 (RCmax and RAUC ranging 1.5 – 1.9 fold).  
The glucuronide metabolites were minor and accumulation was not present.  S-297995 
carboxylic acid was not seen.  
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Nor-S-297995

S-297995-3-G

S-297995-6-G

Benzamidine

Urinary excretion:  The geometric means of the urinary excretion rate for unchanged S-297995 
were 15.3% to 19.7% in the dose range from 3 to 30 mg. The primary metabolite in urine was 
Benzamidine, and the geometric means of the urinary excretion rate were 7.77% to 8.71% and 
22.1% to 27.6% on Day 1 and Day 10, respectively, in the dose range from 3 to 30 mg. The 
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geometric means of the urinary excretion rate for Nor-S-297995, S-297995 3-O-β-D-
glucuronide, S-297995 6-O-β-D-glucuronide, and S-297995-carboxylic acid were all less than 
1%.

Phase I proof of concept trial

Clinical Study Report: 1101V9216- A Phase 1, Randomized, Double-blind, Single Dose, 
Placebo-controlled, Parallel-group Study to Evaluate the Efficacy and Safety of S-297995 in the 
Reduction of Opioid-induced Nausea and Emesis in Healthy Subjects

Study objectives and methods:  The primary objective was to evaluate the efficacy of a single 
oral dose of S-297995 for the reduction of opioid induced nausea.  Secondary objectives include 
assessment of safety of a single oral dose, PK of drug and metabolites.

Study design was that of a phase 1, multi-center, single dose, randomized, placebo-controlled, 
double-blind, parallel-group study comparing 3 dose levels of S-297995 (tablets) to placebo.  80 
healthy adults between 18-55 years of age inclusive were enrolled (20/group).  At the qualifying 
visit 2, each subject received an infusion of morphine sulfate until nausea occurred or the dosage 
of morphine reached a total of 0.3 mg/kg. Nausea was evaluated using an 11-point Likert scale, 
and the number of episodes of nausea and vomiting were counted. This was considered the 
baseline response.  Only those with a nausea score of 5 or more qualified for treatment visit. At 
visit 3, subjects were randomly assigned to one of the three dose levels of S-297995 (0.1 mg, 1 
mg or 10 mg) or placebo 1 hour prior to receiving the IV infusion of morphine sulfate dose (over 
20 minutes) that produced nausea at the qualifying visit. Each subject was assessed for their level 
of nausea, sedation, emetic episode(s), and opioid-induced agonist symptoms. Efficacy was 
assessed by evaluating change from baseline scores.  The primary efficacy endpoint was the 
number of subjects with at least 30% reduction in nausea severity measured on an 11-point 
Likert scale from baseline up to 4 hours post morphine sulfate administration. The worst 
(highest) nausea score during the 4 hours was used to calculate if subjects had at least 30 % 
reduction. As a secondary endpoint, the analysis of the 50% reduction in nausea severity up to 4 
hours post-morphine dose was performed.

Results:

Primary endpoint: The two higher doses provided a statistically significant, but similar response 
with 75 % of subjects exhibited a 30 % or more reduction from the baseline (4 h worst) score in 
nausea.  The 0.1 mg dose did not provide statistically significant difference from placebo in these 
opioid-naïve subjects.

Summary and Statistical Analysis of at Least 30% Reduction in the Highest Nausea Severity up 
to 4 Hours Data for ITT Population
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Secondary endpoints:   

Subjects with at least 50 % reduction from baseline nausea:  40 %, 55 %, 65 %, and 60 % of 
subjects showed at least 50 % reduction in nausea scores following placebo, 0.1 mg, 1 mg and 10 
mg doses of S-297995.  None of the changes were statistically significant.

Cumulative distribution function for nausea severity over the 4 h duration post-dose is shown 
and suggests a difference from placebo for each of the S-297995 doses evaluated:

The percentage of subjects with no (zero) nausea (and not on rescue medications) was 5 %, 5 %, 
20 %, 25 % following placebo, 0.1 mg, 1 mg, and 10 mg doses of S-297995, respectively.

Number of subjects achieving complete protection from emetic (Vomiting or retching) episodes:  
The difference between placebo and S-297995 doses was the greatest at longer times relative to 
morphine dose.
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PK outcomes:  Blood samples for plasma concentrations of S-297995 were collected at the 
following time points: -60, -30 (pre-morphine infusion), then 30, 60, 120, 240, 300, 420, and 480 
minutes after the start of MSO4 infusion. PK data is presented below for the three doses 
evaluated. Sampling was done for only 8 h post-dose.  S-297995 exposures exhibited dose-
proportionality. PK variability was low to moderate.  Nor-naldemedine was observed at 13-18 % 
of parent (based on AUC; not reported at 0.1 mg) and 7 % - 8 % based on Cmax of parent.  Nor-
naldemedine appeared at a median Tmax of 6- 8 h compared to early appearance of parent 
naldemedine (S-297995) at an hour to 1.5 h post-dose.  Benzamidine was BLQ in plasma.  
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1. EXECUTIVE SUMMARY

1.1 Recommendations

The Office of Clinical Pharmacology Divisions of Clinical Pharmacology III and 
Pharmacometrics have reviewed the information contained in NDA 208854.  This NDA is 
acceptable from a Clinical Pharmacology perspective.  Key review issues with specific 
recommendations /comments are summarized below:

Review Issue Recommendations and Comments

Supportive evidence of effectiveness Dose and exposure-response findings from the 
phase 2a proof-of-concept trial, and the phase 2b 
dose-ranging trial provide adequate supportive 
evidence of efficacy for naldemedine in OIC. 

General dosing instructions Results from the phase 2/phase 3 clinical trials and 
the food-effect PK study support the proposed 
general dosing regimen of 0.2 mg once daily with 
or without food.

Dosing in specific populations (intrinsic factors) Results from PK studies in specific populations, 
(hepatic and renal impairment) support that no 
dose adjustment is warranted in patients with any 
degree of renal impairment (with or without 
dialysis) and in patients with mild to moderate 
hepatic impairment.  Due to the absence of PK, 
safety and dosing information in severe hepatic 
impairment, the recommendation to avoid use in 
this subgroup is acceptable.

Dosing in drug-drug interaction (DDI) scenarios Results from rifampin DDI trial support the 
recommendation that dosing should be avoided in 
presence of strong CYP3A4 inducers (84 % 
decreased exposure, with a potential for loss of 
efficacy).

No dosage adjustment is warranted for use of 
naldemedine with strong or moderate CYP3A4 
inhibitors or with P-gp inhibitors. Patients should 
be monitored for adverse events in all the above 
concomitant medication scenarios. 

In presence of a strong CYP3A4 inhibitor, the 
AUC of naldemedine was higher (~2.9-fold), 
while there was no marked impact on Cmax (1.12-
fold). This fold-increase in AUC was not vastly 
different from the ~1.9-fold increase in AUC 
noted with moderate CYP3A or P-gp inhibitor 
drugs. In the latter scenario, sponsor has not 
proposed a dose adjustment which was supported 
by safety information from phase 3 patients who 
were on these drug classes. Given a 1.9-fold 

Reference ID: 4017793





5

1.2 Post-Marketing Requirements and Commitments

None

2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT

2.1 Pharmacology and Clinical Pharmacokinetics

Naldemedine is a naltrexone derivative belonging to the drug class of peripherally acting µ-
opioid receptor antagonists (PAMORA).  It is proposed for the treatment of opioid-induced 
constipation in chronic non-cancer pain patients. Use of opioids induces slowing of 
gastrointestinal motility and transit. Antagonism of gastrointestinal mu opioid receptors by 
naldemedine inhibits opioid-induced delay of gastrointestinal transit time.  Thereby, naldemedine 
treats constipation in patients on chronic opioid drug therapies by improving bowel movements, 
stool consistency and reducing straining.  

The structural formula of naldemedine tosylate (MW: 742.84) is shown below:

Figure 1: Structure of naldemedine tosylate.

Absorption

Following oral administration, naldemedine is absorbed with a median Tmax of approximately 
0.75 hours in a fasted state. Cmax and AUC values for naldemedine increased in a nearly dose-
proportional manner. Accumulation was minimal following multiple daily doses of naldemedine.  

Food Effect

A high-fat meal decreased the Cmax by 35 %, but did not alter the AUC of naldemedine. The 
Tmax was delayed from 0.75 hours in the fasted state to 2.50 hours in the fed state.  In clinical 
trials, naldemedine was administered without regard to food.

Distribution

Plasma protein binding of naldemedine in humans is high (93.2 to 94.2%), primarily to albumin. 
There was no concentration-dependency in protein binding. The mean apparent volume of 
distribution during the terminal phase (Vz/F) is 155 L. 
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Metabolism

Naldemedine is primarily metabolized by CYP3A4 to nor-naldemedine, with minor contribution 
from UGT1A3 to form naldemedine 3-G.  At the expected clinical concentrations, the 
metabolites including nor-naldemedine are not expected to have pharmacological activity.

Following oral administration of [14C]-labeled naldemedine, the primary metabolite in plasma 
was nor-naldemedine, with a relative exposure compared to naldemedine of approximately 9 to 
13%. Naldemedine 3-G was a minor metabolite in plasma, with a relative exposure to 
naldemedine of less than 3%. Naldemedine 6-G was formed at even smaller quantities (~0.2 %).

Naldemedine also undergoes cleavage in the gastrointestinal tract to form the inactive 
metabolites benzamidine and naldemedine carboxylic acid.

Excretion 

Following oral administration of [14C]-labeled naldemedine, the total amount of radioactivity 
excreted in the urine and feces was 57% and 35% of the administered dose of naldemedine, 
respectively. The amount of naldemedine excreted unchanged in the urine was approximately < 
20 % of the administered dose.  Benzamidine was the most predominant metabolite excreted in 
the urine and feces, representing ~32% and 20% of the administered dose of naldemedine, 
respectively.  The terminal elimination half-life of naldemedine is 9-11 hours.

2.2 Dosing and Therapeutic Individualization

2.2.1 General dosing

The sponsor proposes naldemedine oral dosing regimen of 0.2 mg once daily administered with 
or without food.  The proposed dose and dosing regimen were demonstrated to be effective and 
to offer an acceptable risk-benefit in the general patient population during the clinical drug 
development program for naldemedine.

2.2.2 Therapeutic individualization

Severe hepatic impairment:  Use should be avoided in this subgroup as pharmacokinetics and 
safety data are unavailable.

Strong CYP3A4 inducers (e.g. rifampin): Concomitant use should be avoided due to reduced 
naldemedine concentrations with co-administration (Cmax: 0.62-fold and AUC: 0.17-fold of 
control) and thereby a potential for loss of efficacy.

Strong/ moderate CYP3A4 inhibitors and P-gp inhibitors:  Monitor patients for adverse events. 
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2.3 Outstanding Issues

There are no outstanding issues.

2.4 Summary of Labeling Recommendations

OCP recommended the following labeling recommendations throughout the package insert:

 Use with strong CYP3A4 inhibitors- OCP recommended the general dose of 0.2 mg qd, 
and added “monitor patients for adverse reactions”. (Highlights and section 7.1)

 Use with moderate CYP3A4 inhibitors and P-gp inhibitors – Added “monitor for adverse 
reactions” (Highlights and Section 7.1); 

 Drug Interaction (section 12.3) – Recommended sponsor to consolidate all drug 
interaction information (interacting drug name, doses, fold-changes) into a 
comprehensive forest plot and delete related, redundant text.  

 Efavirenz (moderate CYP3A inducer) – OCP recommended the following edits:  
‘Simulation using physiologically-based pharmacokinetic modeling suggested that 
concomitant use of efavirenz, decreases exposure to naldemedine by 43 %.  

’.  Added “The clinical consequence of this 
decreased exposure is unknown”.

3. COMPREHENSIVE CLINICAL PHARMACOLOGY REVIEW

3.1 Overview of the Product and Regulatory Background

In this new drug application, the sponsor (Shionogi Inc.) is seeking the approval of a new 
molecular entity, naldemedine tosylate (S-297995), a peripherally-acting µ-opioid receptor 
antagonist (PAMORA) for the treatment of opioid-induced constipation (OIC) in chronic non-
cancer pain patients.  Naldemedine is structurally related to naltrexone to which a side chain was 
added to increase the molecular weight and polar surface area, which retains the opioid receptor 
antagonistic activity at the peripheral receptors, in particular the GI tract, while minimizing CNS 
uptake. The proposed tradename is SYMPROIC.  The proposed formulation is a 0.2 mg film-
coated immediate release tablet for oral administration.  The proposed dosing regimen for 
naldemedine is 0.2 mg administered once daily without regard to meals.  The related IND 
number is 107475, under which milestone and guidance meetings were held between the sponsor 
and the FDA.  Naldemedine is not approved in any other country at this time.
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Other drugs in this class approved for the same indication as naldemedine are naloxegol oxalate 
(MOVANTIK tablets; NDA 204760), and methyl naltrexone bromide (RELISTOR injection or 
tablets; NDA 21964 and 208271).  A drug in this class, Alvimopan (ENTEREG capsules; NDA 
21775) is indicated to accelerate the time to upper and lower gastrointestinal recovery following 
surgeries that include partial bowel resection with primary anastomosis.  

3.2 General Pharmacology and Pharmacokinetic Characteristics

PHARMACOLOGY
Mechanism of Action Naldemedine is a naltrexone derivative, with a large 

polar surface area that reduces its ability to access the 
central nervous system. It acts as a peripherally-acting μ-
opioid receptor antagonist (PAMORA) and blunts the 
effect of opioid drugs at their peripheral receptors, in 
particular the enteric nervous system in the GI tract. In 
this way naldemedine reverses the constipating effects of 
opioids, thereby improving bowel movements, stool 
consistency and reducing straining.

Active moieties Naldemedine (S-297995) is the primary active moiety of 
interest.  The metabolites, including nor-naldemedine 
are not expected to possess pharmacological activity at 
clinically relevant doses.

QT prolongation Clinically relevant prolongation of the QT interval was 
not observed in volunteers, following therapeutic (0.2 
mg) and supra-therapeutic (1 mg) doses of naldemedine 
in an adequately controlled, thorough QT study.

GENERAL INFORMATION
Drug substance and Drug Product Naldemedine Tosylate is a white to light tan powder, 

soluble in dimethylsulfoxide and methanol, slightly 
soluble in alcohol and water; 

SYMPROIC (naldemedine) tablets for oral use contain 
0.26 mg of naldemedine tosylate equivalent to 0.2 mg 
naldemedine. 

Excipients are: D-mannitol, croscarmellose sodium, 
magnesium stearate, hypromellose, talc, and yellow 
ferric oxide.

Bioanalysis Naldemedine and its metabolites were analyzed in 
plasma samples after solid phase extraction using 
LC/MS-MS methods with a lower limit of quantification 
(LLOQ) ranging from 0.01- 0.04 ng/mL for naldemedine 
and from 0.04 – 1.2 ng/mL for the metabolites.  
Analytical methods were validated with respect to 
sensitivity, selectivity, recovery, accuracy, precision and 
stability under various conditions.

In urine samples, naldemedine and metabolites were 
analyzed using LC-MS/MS methods after protein 
precipitation.  The LLOQ in urine was 0.1 ng/mL.  The 
bioanalytical methods in human serum and ultrafiltrate 
were validated with the LLOQ of 0.05 and 0.00586 
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ng/mL for naldemedine, respectively.  The bioanalytical 
method in hemodialysis dialysate was validated with the 
LLOQ of 0.005 ng/mL.

Healthy volunteers vs. Patients Naldemedine PK parameters were comparable in healthy 
volunteers and OIC patients.

Exposure at steady state at therapeutic dose(s) Following 0.2 mg qd dosing the steady-state exposures 
in OIC patients were as shown: Cmax of 2 ng/mL (CV: 
22 %) and AUC: 17 ng h/mL (CV: 46 %). 

Minimal effective dose or exposure A definitive increase in spontaneous bowel movements 
(SBMs) was noted at doses of 0.3 mg or greater.  In a 
dose ranging phase 2 trial, 0.2 mg qd dose provided 
clinically meaningful and statistically significant 
benefits over baseline, with no additional benefit noted 
at the 0.4 mg qd dose.

Maximal tolerated dose or exposure Naldemedine was well tolerated at up to 100 mg single 
doses. Multiple daily doses up to 30 mg for 10 days 
were also well tolerated. The clinically relevant dose is 
0.2 mg, with a potential dose/exposure range of up to ~ 
0.6 mg for AUC in presence of drug/food interaction 
scenarios.

Dose proportionality Naldemedine exposures (Cmax and AUC) increased in 
nearly dose proportional manner following single and 
multiple daily doses.

Accumulation Potential Steady-state was reached within two days and a modest 
accumulation was noted in healthy volunteers (~ 1.3-
fold for Cmax and ~1.2-fold for AUC) following daily 
administration of naldemedine. Accumulation in OIC 
patients was minimal (5- 6 %) in the phase 2b trial.

Variability PK variability in healthy volunteers was small to 
moderate across the various parameters (14 % to 25 %), 
while it was somewhat higher in OIC patients in phase 
2b trial (22 % - 48 %).

ABSORPTION
Bioavailability (Absolute and relative) The absolute bioavailability of naldemedine has not been 

evaluated. Based on PBPK model, this value is 
estimated at 56 %.  Relative bioavailability of 
naldemedine was found to be acceptable (~ within 80-
125 % limits; i.e. bioequivalent) for the formulation used 
in phase 2 vs. phase 3 trials.

Tmax Naldemedine is absorbed with a median Tmax of ~ 0.75 
hours post-dose.  Tmax is prolonged in fed state from a 
median value 0.75 h to 2.5 h.

Food effect on PK A high fat, high calorie meal reduced the Cmax of 
naldemedine by ~ 35 %, but had no effect on the AUC. 
Naldemedine was dosed without regard to meals in the 
clinical trials and is proposed to be labeled as such for 
clinical use.

DISTRIBUTION
Volume of Distribution The mean apparent volume of distribution of 

naldemedine (Vz/F) was 155 L.  Naldemedine was not 
removed by dialysis.

Plasma protein binding The fraction of naldemedine bound to human serum 
proteins is 93.2% to 94.2%, primarily to albumin.  There 
is no concentration-dependence of the protein binding in 
the range from 0.02 to 2 μg/mL.
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Substrate Transporters Naldemedine is a substrate of P-gp and is not a substrate 
of OATP1B1, OATP1B3, OCT1, OCT2, OAT1, OAT3, 
or BCRP.

ELIMINATION
Mean terminal elimination half-life Naldemedine has a terminal elimination T1/2 of ~ 9 to 

11 hours.  
METABOLISM

Primary metabolic pathways Naldemedine is primarily metabolized by CYP3A4 to 
form nor-naldemedine, with some contribution by
UGT1A3 to form both naldemedine 3-glucuronide (3-G) 
and naldemedine 6-G.

Inhibition/Induction Potential Naldemedine and major metabolite (nor-naldemedine) 
do not cause clinically relevant induction or inhibition of 
major CYP450 enzymes. No relevant inhibition of major 
transporters was noted.

EXCRETION
Primary excretion pathways Approximately 20 % of naldemedine (S-297995) was 

excreted unchanged in urine samples from phase 1 
clinical trial volunteers, with benzamidine as the major 
urinary metabolite.  Naldemedine is believed to undergo 
spontaneous cleavage of the oxadiazole ring by 
enterobacteria forming benzamidine and naldemedine-
carboxylic acid. The percentage of dose as unchanged 
drug in feces was not determined.

In a mass balance study, following oral administration of 
radio-labeled 2 mg oral solution, overall mean 
recoveries of total radioactivity of 92% and 85% were 
obtained following dosing with [Oxadiazole-14C]-S-
297995 and [Carbonyl-14C]-S-297995, respectively.  
For the [Oxadiazole-14C]-S-297995, renal excretion was 
major (~ 57.3 % of total radioactivity) compared to 
~34.8 % in feces; For the [Carbonyl-14C]-S-297995, 
fecal excretion was the major route of elimination (64.3 
% of total radioactivity), and mean recovery of ~ 20 % 
in urine.

3.3 Clinical Pharmacology Review Questions

3.3.1 Does the clinical pharmacology information provide supportive evidence of 
effectiveness?

Yes.  Dose-response information for primary and secondary efficacy outcomes in the single dose 
phase 2a and multiple dose phase 2b clinical trials, and exposure-response for efficacy from the 
multiple dose phase 2b and phase 3 trials provide adequate supportive evidence for effectiveness 
of naldemedine in chronic, non-cancer pain, OIC. These efficacy data along with assessment of 
risk-benefit provided the necessary proof of concept and dose-range guidance (Phase 2a trial 
1007V9214) as well as phase 3 dose-selection support (phase 2b dose-ranging trial 1107V9221) 
for the development of naldemedine.  Results from the phase 2 trials are summarized:
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Study 1007V9214 evaluated single doses of 0.01 mg, 0.03 mg, 0.1 mg, 0.3 mg, 1 mg and 3 mg 
under fasting conditions in parallel cohorts of patients with opioid-induced bowel dysfunction (9 
on drug, 3 on placebo per cohort). The primary efficacy endpoint was the change from baseline 
(i.e. Day 1 to Day 15 prior to dosing) to 24 hours post-dose on day 16 in the number of 
spontaneous bowel movements (SBMs).  

A dose-related increase in SBMs during the 24 hours following a single dose of naldemedine 
was observed over the 300-fold dose range, particularly at 0.3 mg or higher doses.  The relative 
change in SBMs from baseline was significantly different vs. pooled placebo at the three higher 
doses (0.3 mg, 1 mg and 3 mg).  A higher and likely undesirable number of mean and maximal 
numbers of SBMs was noted for the two highest doses within the 24 hour period post-dose. A 
dose of 0.3 mg (but not 0.1 mg) also provided a statistically significant change over baseline in 
SBMs vs. placebo.  Various secondary endpoints such as complete spontaneous bowel 
movements (CSBMs), time to first SBM post-dose also provided evidence of effectiveness for 
naldemedine in OIC. The clinical efficacy at 0.1 mg single dose was not robust or statistically 
significant in this trial; this dose was well-tolerated and the potential for additional efficacy after 
multiple daily doses was of interest. The proportion of subjects who reported a GI-related TEAE 
increased in a dose-dependent manner, with an increase in frequency observed beginning at a 
dose of 0.3 mg or higher. Thus, the overall risk-benefit data from this study supported further 
evaluation of 0.1 mg to 0.3 mg dose range in a dose-ranging clinical trial of naldemedine. 

Table 1:  Efficacy summary from phase 2a, single dose proof of concept trial 
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Single Dose Pharmacokinetics:  Study 0824V9211 was a randomized, double-blind, placebo 
controlled, single escalating dose cohort, phase 1 study in 56 healthy Japanese male volunteers 
ages ≥ 20 and < 40 years of age. PK of naldemedine (S-297995) and its metabolites were 
evaluated in plasma and urine samples following 0.1, 0.3, 1, 3, 10, 30 and 100 mg doses.  Doses 
were administered as an oral solution (for the 0.1 mg to 30 mg doses) or as oral suspension (100 
mg dose) under fasted condition.  

Figure 6: Mean plasma concentration – time curve of naldemedine (S-297995) after single oral 
administration [Source: Figure 11.4-1 from clinical study report 0824V9211]

Table 5: Pharmacokinetics of naldemedine following oral administration of single doses in 
healthy Japanese volunteers

Mean 
(% CV); 
N = 6 

Cmax 
(ng/mL)

Tmax (h) AUClast

(ng.h/mL)

AUCinf

(ng.h/mL)

T1/2,z (h) CL/F (L/h) Ur (%)

0.1 mg 2.1 (27 %) 0.5  (0.5 -1) 11.2 (22 %) 11.9 (23 %) 8.3 (9.7 %) 8.9 (27 %) 16 (24 %)

0.3 mg 4.5 (18 %) 0.5 (0.25 – 0.5) 29.9 (13 %) 32.9 (16%) 9.4 (22 %) 9.3 (17 %) 18 (11 %)

1 mg 17 (24 %) 0.5 (0.5 – 1.0) 103 (8 %) 108 (8 %) 7.6 (11 %) 9.3 (8 %) 19 (23 %)

3 mg 53 (13 %) 0.5 (0.25 – 1.5) 306 (15 %) 324 (15 %) 8.2 (15 %) 9.5 (16 %) 23 (8.5 %)

10 mg 223 (24 
%)

0.5 (0.5 – 1.0) 1119 (19 
%)

1151 (19 
%)

6.6 (7 %) 9 (17 %) 21 (17 %)

30 mg 872 (36%) 0.5 (0.5 – 1.0) 3980 (24%) 4066 (24%) 6.11 (5 %) 7.8 (24 %) 20 (32 %)

100 mg 2560 
(21%)

0.5 (N/A) 13400 
(15%)

13540 
(15%)

5.02 (4 %) 7.5 (17 %) 21 (20 %)

Reference ID: 4017793



20

The following table summarizes PK of naldemedine following single dose administration in the 
general U.S. population.  Single dose PK parameters such as Tmax, T1/2, CL/F were in general 
comparable for the general U.S. vs. Japanese populations.  Within-study comparison of PK data 
in the thorough QT study shows dose-proportional increases in exposure and dose-independent 
PK parameters. Cross study comparison of single dose PK following 0.1 mg dose (in Japanese) 
vs. 0.2 mg in U.S. population suggests proportionally higher AUC values.

Table 6: Pharmacokinetics of naldemedine following single doses in healthy U.S. volunteers

PK in U.S. 
Volunteers 

0.2 mg SD
DDI Study 
(1403V921D) 

0.2 mg SD
Relative BA study 
(1311V921A) 

0.4 mg SD
DDI Study
(1202V9218)

0.2 mg SD; 
TQT study 
(1204V9219) 

1 mg SD; 
TQT study 
(1204V9219)

Cmax (ng/mL) 2.8 (24 %) 3.12 (18.6 %) 4.9 (14 %) 2.5 (30 %) 12.4 (29 %)
Tmax (h) 1.0 [0.5, 2.5] 0.75 [0.5, 1.5] 0.75 [0.5, 1.0] 1 [0.3- 4.1] 1.0 [0.3 – 4]
AUClast 
(ng h/mL)

21.84 (18 %) 23.53 (23 %) 39.11 (16.5 %) 18.2 (20 %) 93 (20 %)

AUCinf 
(ng h/mL)

22.14 (19 %) 24.25 (19 %) 39.46 (16.5 %) 20.5 (21 %) 105 (21 %)

T1/2, z (h) 12 (17 %) 10.7 (18 %) 10.7 (13 %) 7.9 (13 %) 7.6 (11 %)
CL/F (L/h) 9.4 (20 %) 8.5 (17 %) 10.4 (18 %) - -
Vz/F (L) 158 (17 %) 130 (18 %) 116 (38 %) - -

Multiple Dose Pharmacokinetics:  Study 0917V9213 was a randomized, double-blind, 
placebo-controlled, multiple dose study (once daily for 10 days) of naldemedine (S-297995) in 
36 healthy Japanese adult males between ages 20 and 40 years.  Cohorts of subjects were dosed 
with 3 mg, 10 mg or 30 mg doses of naldemedine in the fasted state using 1 mg or 10 mg film 
coated tablets.  These doses exceed the recommended clinically relevant dose range that is 
proposed for the approval of this drug. Therefore results are briefly summarized as the study 
itself does not contribute to the overall approvability of the drug. 

Following once-daily administration of 3, 10 or 30 mg naldemedine for 10 days, Cmax and AUC 
values increased in a nearly dose-proportional manner.  Tmax occurred rapidly on both days 1 
and 10 (median of 0.5 to 0.75 h post-dose).  Steady-state was achieved by day 2.  Modest 
accumulation was noted for naldemedine Cmax (up to 32 %) and for AUC (~ 19 %) following 
once-daily dosing.  PK variability was low to moderate. Urinary excretion of unchanged drug 
was < 20 % at all doses.  

Mean plasma concentration time profiles are shown on day 1 and after final dose on day 10.  
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Figure 10: Mean naldemedine plasma concentration-time profiles in volunteers on day 1 and day 
10 of the multiple daily dosing study [Source: 

Single and multiple dose PK of naldemedine in OIC patient population:

Naldemedine pharmacokinetics were assessed in phase 2b study 1107V9221 in a target 
population with chronic non-cancer opioid-induced constipation (OIC).  0.1 mg, 0.2 mg or 0.4 
mg naldemedine was administered in the form of oral tablets, once daily for 28 days.  

Figure 11: Mean (±SD) plasma naldemedine concentration profiles in OIC patients on day 1 and 
day 28 [Source: Figures 11-3 and 11-4 from sponsor’s clinical study report: 1107V9221]

PK summary for naldemedine (S-297995) is shown below [mean (CV%)] in OIC patients at each 
of the doses after single dose and at steady-state.  Overall, data suggests that PK in patients was 
similar to those in healthy volunteers, with dose proportional exposure increases and no 
significant accumulation after once daily dosing.  Terminal elimination half-life was comparable 
on day 1 (~ 8-9 h) and on day 28 (~ 7- 10 h) across the dose range.

Table 7: Day 1 and steady-state PK in OIC population of phase 2b clinical trial [Source: Table 
11-28; Clinical Study Report 1107V9221]
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3.3.4  Is an alternative dosing regimen and/or management strategy required for 
subpopulations based on intrinsic factors?

Yes, dosing of naldemedine should be avoided in patients with severe hepatic impairment due to 
the absence of PK and safety information in this subgroup.  No dose adjustment is required in 
presence of mild or moderate hepatic impairment, or in patients with any degree of renal 
impairment (with or without dialysis).  These proposals are based on results from dedicated PK 
studies in the specific populations in subjects with varying degrees of hepatic or renal 
impairment. Study results supporting these recommendations are described below:

Renal Impairment:  Mild and moderate renal impairment (RI) did not result in clinically 
meaningful changes in naldemedine PK.  While the fraction of drug excreted unchanged in urine 
and renal clearance decreased with worsening renal impairment, especially in patients with 
severe RI or end-stage renal disease (ESRD), the overall effect on systemic PK increase was < 
40 %. Thus it doesn’t appear that dosing adjustments will be necessary.  The drug does not 
appear to be dialyzable and therefore dialysis will not be useful as a counter-measure for 
overdose.  

Study 1401V921B was a phase 1, open-label, single dose, non-randomized, parallel cohort study 
of naldemedine (0.2 mg tablets) comprised of 5 cohorts.  Cohort 1 included subjects with normal 
renal function (Clcr ≥ 90 mL/min); Cohort 2 included subjects with mild RI (eGFR; ≥ 60 to < 90 
mL/min/1.73 m2 estimated by MDRD Equation); Cohort 3 included subjects with moderate RI 
(eGFR ≥ 30 to < 60 mL/min/1.73 m2); Cohort 4 included subjects with severe RI (eGFR < 30 
mL/min/1.73 m2); and Cohort 5 included subjects with ESRD requiring HD.  Mean plasma 
naldemedine concentration-time profiles in the various renal cohorts are shown:
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Figure 12:  Mean naldemedine plasma concentration-time profiles in cohorts with various 
degrees of renal impairment [Source: Figure 11-1; Sponsor’s clinical study report 1401V921B]

Average plasma PK profiles suggest a somewhat slower clearance of naldemedine in presence of 
moderate to severe renal impairment (Cohorts 3 and 4), while mild RI and administration of 
naldemedine 1 to 2 h after completion of HD in ESRD patients (Cohort 5 period 1) did not seem 
to result in appreciable difference in plasma concentrations or clearance relative to healthy 
controls (cohort 1).  

No differences in systemic naldemedine exposure were noted when drug was administered in 
ESRD patients either after hemodialysis (period 1) or before hemodialysis (period 2).  The 
fraction excreted unchanged in urine reduced with increasing renal impairment severity (from 15 
% in healthy vs. 7.3 % in severe RI).  The contribution of renal clearance also reduced with 
increasing renal impairment (CLr of 1.32 L/h in healthy vs. 0.47 L/h in severe RI).  

The point estimates of exposure parameters in renal impairment cohorts relative to healthy 
controls and the surrounding 90 % confidence interval data do not suggest clinically meaningful 
effect on renal impairment on naldemedine PK.  

Average naldemedine PK parameters are shown by renal function cohorts and in the 
presence/absence of HD in ESRD patients. Statistical analyses are also shown; 

Reviewer’s analysis provided PK and statistical outcomes similar to those reported by the 
sponsor.

Table 8:  Naldemedine PK in subjects with varying degrees of RI vs. control group
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Healthy 

(n = 8)

Mild RI 

(n = 8)

Moderate RI 

(n = 8)

Severe RI 

(n = 8)

Dosing 
after HD 
(period 1)

Dosing 
before HD 
(period 2)

Cmax 
(ng/mL)

3.46 (21 %) 3.08 (23 %) 2.63 (24 %) 2.78 (14 %)
2.89 (23 %) 2.30 (30 %)

Tmax (h); 
Range

0.75 

[0.5 – 0.75]

0.5

[0.25 – 0.75]

0.63 

[0.5 – 1.5]

0.75 

[0.5 – 0.75]

0.79 

[0.5 – 1.0]

2.05 

[1.7 – 3.75]

AUClast 
(ng h/mL)

23.3 (18 %) 25.2 (23 %) 24.3 (23 %) 30.7 (16 %)
19.1 (17 %) 18.7 (29 %)

AUCinf 
(ng h/mL)

23.9 (18 %) 26 (23 %) 25.6 (24 %) 32.8 (18 %) 19.8 (17 %) 19.2 (29 %)

T1/2, z (h) 14 (18 %) 14.6 (22 %) 17.5 (20 %) 19 (16 %) 15.7 (28 %) 15.4 (24 %)

CL/F (L/h) 8.63 (19 %) 7.9 (24 %) 8.2 (22 %) 6.25 (18 %) 10.4 (19 %) 11.0 (23 %)

Table 9: Statistical analysis of PK data from renal impairment study [Source: Table 11-10; 
Sponsor’s clinical study report 1401V921B]

Hepatic Impairment:  Clinically meaningful changes to naldemedine PK were not observed in 
subjects with mild to moderate hepatic impairment. Severe hepatic impairment was not 
evaluated.  Dose adjustments are not warranted in patients with mild to moderate hepatic 
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impairment.  Use in severe hepatic impairment should be avoided as PK and safety information 
in this subgroup are unavailable. 

Study 1402V921C was an open-label, parallel-group (n = 8 subjects per cohort), single dose, PK 
and safety study of naldemedine 0.2 mg oral tablets in subjects with mild (Child-Pugh A) and 
moderate (Child-Pugh B) hepatic impairment (HI) in comparison with healthy demographically-
matched subjects with normal hepatic function.  Subjects with severe hepatic impairment were 
not evaluated.  Average plasma naldemedine concentration-time profiles are shown below; 
Cohort 1: Normal; Cohort 2: Mild HI; Cohort 3: Moderate HI):

Figure 13: Mean naldemedine plasma concentration-time profiles in cohorts with mild and 
moderate hepatic impairment relative to controls [Source: Figure 11-1; clinical study report 
1402V921C]

Mean Cmax and AUC values were comparable in the healthy and moderate HI cohort, with the 
mild HI cohort showing ~ 15 % lower AUC compared to control group.  Mild HI subgroup 
showed higher PK variability.  Although the 90 % confidence bounds were not entirely within 
the no-effect 80-125 % bounds, statistical analysis of PK parameters do not suggest clinically 
meaningful changes in naldemedine systemic PK with hepatic impairment.  

Hepatic impairment did not result in appreciable changes in fraction unbound (Fu) of 
naldemedine in serum. Fu values were comparable at the two different time points (0.75 h and 24 
h) indicating that it is not concentration dependent. Average plasma nor-naldemedine (major 
metabolite) profiles suggest higher concentrations in presence of mild hepatic impairment.  
There was a wider inter-individual variability in the PK of the major metabolite for the two 
hepatic impairment subgroups compared to healthy controls. Metabolite concentrations were 
small relative to parent drug regardless of the cohort.
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Average plasma naldemedine PK in the three cohorts are summarized below, followed by the 
results of statistical analyses of PK parameters for naldemedine in HI subgroups relative to 
healthy subjects.   Reviewer’s analysis of plasma naldemedine concentration-time data and 
statistical analyses yielded results similar to those reported by the sponsor in hepatic impairment 
cohorts.

Table 10: Pharmacokinetics of naldemedine in patients with hepatic impairment vs. controls

PK Parameter;

Mean (% CV)

Normal Hepatic 
Function (Cohort 1)

Mild Hepatic 
Impairment (Cohort 2)

Moderate Hepatic 
Impairment (Cohort 3)

Cmax (ng/mL) 2.8 (28 %) 2.7 (48 %) 2.96 (17 %)

Tmax (h); 

Median [Range]

0.75

 [0.5, 1.0]

0.75

 [0.5 – 2.0]

0.63 

[0.5, 0.75]

AUClast (ng h/mL) 23.63 (23 %) 20.23 (39 %) 24.66 (21 %)

AUCinf (ng h/mL) 24.15 (23 %) 20.67 (38 %) 25.32 (21 %)

T1/2,z (h) 13.6 (10 %) 14.1 (15 %) 13.6 (21 %)

CL/F (L/h) 8.66 (21 %) 10.7 (32 %) 8.23 (22 %)

Vz/F (L) 168 (20 %) 221 (35 %) 160 (30 %)

Table 11: Statistical analyses of PK data in hepatic impairment PK study [Source: Table 11-8; 
Clinical Study report 1402V921C]

Reference ID: 4017793



27

3.3.5 Are there clinically relevant food-drug or drug-drug interactions and what is the 
appropriate management strategy?

Food Effect on PK:  Naldemedine may be administered without regard to meals. While dosing 
in presence of a high-fat, high-calorie meal reduced the Cmax by 36 %, dosing with food did not 
significantly alter the AUC of naldemedine.  In addition, in the clinical trials naldemedine was 
dosed without regard to meals.  Results of the food-effect PK study are briefly summarized 
below:

Study 1311V921A was a phase 1, randomized, open-label, three-way crossover bioavailability 
study to evaluate the S-297995 phase 3 tablet compared with the phase 2 tablet and the food 
effect for the phase 3 S-297995 tablet in healthy adult subjects.  For the fed treatment (C), a high 
fat/high calorie breakfast was consumed in 30 minutes or less prior to dosing, after 10 h 
overnight fast.

A summary of naldemedine (S-297995) PK parameters and statistical analysis of the food effect 
is given below. Following administration with food, the Cmax of naldemedine reduced by ~ 35 
% relative to the fasted condition, while the AUC values were comparable.  Median Tmax was 
prolonged after food intake (from 0.75 h in fasted to 2.5 h in fed conditions). Reviewer’s analysis 
of plasma naldemedine data provided PK parameters and statistical outcomes which were similar 
to those reported by the sponsor:

Table 12: Statistical analysis of food-effect on PK

Food effect on PK Fed/ Fasted Treatment Ratio 90 % Confidence bounds
Cmax 0.65 0.58 – 0.72
AUClast 0.96 0.92 – 1.01
AUCinf 0.96 0.93 – 1.01

Drug-Drug Interactions:  Based on in vitro data, naldemedine and its major metabolite do not 
inhibit or induce major CYP450 enzymes.  In addition, the drug and metabolite do not inhibit 
major transporters.  Therefore, further assessment of in vivo drug-drug interaction with regard to 
the effect of naldemedine on co-administered drugs was not needed.

Naldemedine is metabolized by CYP3A4 to nor-naldemedine and it is also a sensitive p-gp 
substrate.  Therefore, in vivo drug-drug interaction studies were conducted to evaluate the effect 
of moderate and strong CYP3A4 inhibitors (fluconazole and itraconazole), a strong CYP3A4 
inducer (rifampin), and a p-gp inhibitor (cyclosporine) on the pharmacokinetics of naldemedine 
and its major metabolite.  In addition, PBPK modeling approach was used to evaluate untested 
DDI scenarios i.e. the effect of efavirenz (a moderate CYP3A4 inducer) on naldemedine PK.  

The following table summarizes the DDI information, proposed dosing recommendations and 
OCP- proposed revisions, along with appropriate rationale (also see 1.1 Recommendations): 
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Table 13: Summary of naldemedine DDI study findings and related dosing recommendations

Interacting Drug; 
DDI Category;
Fold changes

Sponsor Proposal OCP Proposal Rationale 

Rifampin;
Strong CYP3A4 
inducers;
 
Cmax: 0.62-fold
AUC: 0.17-fold

Avoid dosing with 
strong CYP3A4 
inducers

Acceptable Marked decrease in Cmax and AUC 
with rifampin will likely result in loss 
of efficacy; 
A potential for increased GI (local) 
adverse events rules out a possibility 
of  increasing dose with CYP inducers

Itraconazole;
Strong CYP3A4 
Inhibitor;

Cmax: ↑ 1.12-fold
AUC: ↑ 2.91-fold

OCP 
recommends the 
general dose of 
0.2 mg qd; Add: 
‘monitor for 
AEs’

Cmax was not much altered with 
strong inhibitors.  The relative AUC 
increase with strong inhibitors is not 
markedly greater than with moderate 
inhibitors (2.9 fold vs. 1.9-fold) where 
a recommendation of ‘no dose 
adjustment’ with AE monitoring is 
found acceptable. (see below) 

E-R analysis suggests a greater role 
for local (gut) concentrations/dose 
rather than systemic exposures in AEs

Population PK analysis shows that 
drug exposures [median (Range)] in 
patients cover the nearly 3-fold 
exposure noted with strong inhibitors;

Fluconazole;
Moderate CYP3A4 
Inhibitor;

Cmax: ↑ 1.38-fold
AUC: ↑ 1.89-fold

No dose adjustment Acceptable; 
Add: ‘monitor 
for AEs’

Experience in phase 2b trial with 
doses up to 0.4 mg qd;  E-R analysis 
suggests local contribution to adverse 
events rather than systemic exposure;

Some trend for higher GI AEs but not 
markedly higher that would warrant 
dose adjustment in the overall phase 3 
patients who were on concomitant 
moderate CYP3A or p-gp inhibitors; 
no difference in abdominal pain and 
diarrhea vs. those who did not receive 
the drug.  No increased incidence of 
study discontinuation in phase 3 
patients on these inhibitors;

No evidence (data) that a lower dose 
or a less frequent dosing regimen will 
be efficacious; a lower dose strength 
is unavailable

Cyclosporine;
P-gp Inhibitor; 

Cmax: ↑ 1.44-fold
AUC: ↑ 1.78-fold

No dose adjustment Acceptable; 
Add: ‘monitor 
for AEs’

See rationale under moderate CYP3A 
inhibitors
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The results from these dedicated drug-drug interaction studies are summarized below:

Strong CYP3A4/P-gp Inducers (Rifampin DDI study):  Co-administration with rifampin 
reduced naldemedine Cmax by ~39 % and AUCinf by ~83 %, suggesting a significant effect on 
drug exposure.  Average data suggests that T1/2, z of naldemedine was reduced to roughly 1/4th 

of its value and clearance was increased by ~ 6-fold in presence of rifampin suggesting rapid 
elimination of drug.  Statistical analyses suggest an increase in Cmax, AUClast of the major 
metabolite, nor-naldemedine by 3.17-fold and 2.45-fold, respectively in presence of rifampin.  
The effect of rifampin could be bi-fold, i.e. due to its induction of CYP3A4 which is responsible 
for the formation of the major metabolite, nor-naldemedine and potentially its induction of the p-
gp efflux transporter of which naldemedine is a substrate.  Sponsor’s proposal to avoid dosing 
with strong inducers of CYP3A4 is therefore acceptable.

Study 1403V921D was an open-label, one-sequence, two-period, crossover, drug-drug 
interaction study in 14 healthy male and female subjects, ages 18 – 55 years inclusive.  All 
subjects received a single oral dose of 0.2 mg naldemedine on Days 1 and 18 and rifampin 
600mg once daily consecutively on Days 4 through 20.  All doses were administered in the 
morning in the fasted state with 240 mL of water. 

Average plasma naldemedine concentration time profiles are shown in the absence or presence 
of rifampin.  

Figure 14:  Naldemedine plasma concentration-time profiles with or without rifampin [Source: 
Figure 11-1 Clinical Study Report 1403V921D]

Average plasma naldemedine PK are summarized below in the presence and absence of rifampin 
as shown below, followed by statistical findings.   Reviewer analysis of plasma-concentration 
time data provided the following PK and statistical results for naldemedine in the rifampin-
naldemedine DDI study; Data are similar to those reported by the sponsor.

Average plasma profiles and PK parameters suggest a marked decrease in the Cmax and the area 
under the concentration-time profile of naldemedine in presence of rifampin.  The clearance of 
naldemedine was much rapid in presence of rifampin.  Statistical analysis results show that in 
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presence of rifampin, the Cmax of naldemedine was reduced by ~ 39 % and the AUC parameters 
were reduced by ~ 84 %.  Average data suggests that T1/2,z of naldemedine was reduced to 
roughly 1/4th of its value and clearance was increased by ~ 6-fold in presence of rifampin 
suggesting rapid elimination of drug.  

Table 14:  Naldemedine PK in the absence or presence of rifampin

Arithmetic mean (%CV) Naldemedine 0.2 mg alone 

(Day 1); N = 14

Naldemedine 0.2 mg + Rifampin 
600 mg qd (Day 18); N = 14

Cmax (ng/mL) 2.8 (24 %) 1.72 (22 %)

Tmax (h); Median [Range] 1.0 [0.5, 2.5] 0.5 [0.5, 1.0]

AUClast (ng h/mL) 21.84 (18 %) 3.60 (17 %)

AUCinf (ng.h/mL) 22.14 (19 %) 3.75 (16 %)

T1/2, z (h) 12 (17 %) 3.26 (17 %)

CL/F (L/h) 9.4 (20 %) 55 (15 %)

Vz/F (L) 158 (17 %) 256 (19 %)

Table 15: Statistical analysis of naldemedine exposure in presence of rifampin [Source: Table 
11-3; Clinical Study Report 1403V921D]

From an exposure-response perspective patients with concomitant CYP inducers (~83% decrease 
in AUC) should not receive naldemedine tosylate.  Unlike the local effect for GI adverse events, 
the exposure-response relationship for efficacy appears similar for the phase 2b dose ranging 
study where 0.4 mg qd was evaluated, as opposed to evaluation of only the 0.2 mg dose in the 
phase 3 trials (Error! Reference source not found.). These similarities in exposure-response 
relationships for efficacy suggest that plasma concentrations drive the SBM response rate.  To 
correct for the change caused by CYP inducers a 4-fold increase in the dose administered would 
be needed.  No safety data are available for a 0.8 mg qd dose, but more importantly the local 
effect in the gut for safety events identified from the phase 2b study 1107V9221 suggest that 
increasing the dose beyond 0.2 mg is not recommended.  Patients on CYP inducers should not 
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receive this product as the exposures generated in these patients are insufficient from an efficacy 
perspective.

Strong CYP3A4/P-gp Inhibitors (Itraconazole DDI Study):  Repeated administration of 
itraconazole increased Cmax, AUC0-last, and AUC0-inf of naldemedine by 1.12-fold, 2.65-fold, and 
2.91-fold, respectively. Repeated administration of itraconazole decreased Cmax and AUC0-last of 
nor-naldemedine and increased AUC0-last of naldemedine 3-G.  Sponsor recommends  

 
 Sponsor’s recommendation  

considering the fold increases of 2.9-fold were not vastly different from the nearly 2-
fold increases noted with moderate CYP3A/p-gp inhibitors where no dose adjustment was found 
to be acceptable. There was also no effect on Cmax. In addition E-R analyses suggest only a 
weak correlation between systemic exposures and adverse events.  A general dosing of 0.2 mg 
qd is acceptable with strong CYP3A4 inhibitors, but patients should be monitored for AEs.

Study 1502V921E was a single center, open-label, two-period, crossover, DDI study evaluating 
effect of itraconazole, a strong CYP3A4 inhibitor in cohort 1, or fluconazole,  a moderate 
CYP3A4 inhibitor in Cohort 2 on the PK of naldemedine clinical dose (0.2 mg).  28 subjects (14 
per cohort; 20-55 years of age, inclusive) were included.  

Cohort 1 (Co-Administration with Itraconazole):

Period 1 (Day 1 to 4): On Day 1, subjects received a single dose of naldemedine 0.2 mg in the 
fasted state. 

Period 2 (Day 5 to 12): On Day 5, subjects received itraconazole 200 mg twice daily in the fasted 
state. From Day 6 to 8, subjects received itraconazole 200 mg once daily in the fasted state. On 
Day 9, subjects received co-administration of naldemedine 0.2 mg and itraconazole 200 mg in 
the fasted state. On Days 10 and 11, subjects received itraconazole 200 mg once daily in the 
fasted state.

Mean plasma naldemedine and its major metabolite, nor-naldemedine concentration-time 
profiles in presence and absence of itraconazole are shown below. Based on the mean profiles, 
itraconazole appears to increase the AUC but not the Cmax of naldemedine.  The inter-subject 
variability in the plasma-concentrations were greater in presence of itraconazole.  While the 
Tmax appears similar, the T1/2,z appears to be prolonged in presence of itraconazole indicating 
slow elimination.  

Mean profiles for the inactive major metabolite nor-naldemedine suggest that in presence of 
strong CYP3A4 inhibitor drug itraconazole, plasma concentrations were markedly reduced 
relative to naldemedine alone, potentially due to inhibition of CYP3A4 activity which leads to 
the metabolite formation.
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Figure 15:  Naldemedine and metabolite concentration-time profiles with or without itraconazole 
[Source: Figure 11.4-1; Clinical Study Report 1502V921E]

The plasma PK parameters of naldemedine and its metabolites when drug was administered with 
or without itraconazole are shown below, followed by results of the statistical analyses for 
primary exposure parameters.  Reviewer analysis of naldemedine in presence or absence of 
itraconazole provided PK and statistical data which were similar to sponsor-provided data.  
Itraconazole appears to have increased systemic naldemedine exposure (AUC) and reduced the 
clearance of naldemedine as indicated by the changes in T1/2 and CL/F values.  No significant 
impact on Cmax was noted.

Table 16: Naldemedine and metabolites PK following administration with or without 
itraconazole [Source: Table 11.4-1, Clinical Study Report 1502V921E]
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Table 17: Statistical analyses of naldemedine exposure with itraconazole [Source: Table 11.4-2; 
Clinical Study Report 1502V921E]

From an exposure-response perspective, patients with concomitant CYP3A4 inhibitors in the 
phase 3 Trials 231 and 232 did not appear to exhibit a higher adverse event rate for GI disorders 
including abdominal pain, nausea/vomiting, and diarrhea AEs.  Table 8 shows the adverse event 
rate for patients receiving and not receiving concomitant p-gp and CYP3A4 inhibitors.  
However, with regards to CYP3A4 inhibitors the numbers of AEs are very limited and likely not 
informative given the number of patients receiving the concomitant CYP3A4 inhibitor.   
Additionally, when considering that a portion of the GI related AEs (including all CTC grade 
events) are due to a local effect in the gut (see Section 3.3.2) although moderate and strong CYP 
inhibitors increase the systemic exposures by ~2–fold and ~3–fold respectively, higher systemic 
exposure do not appear to be correlated with AEs to the same extent as local concentrations in 
the gut.   

Table 18:  Adverse Event Rates for Patients in the Phase 3 trials 231 and 232, stratified by 
concomitant P-gp or CYP3A4 inhibitor use. N refers to the number of subjects in trial 231 or 232 
with the event or total in the analysis dataset.

No Yes No 
Yes, 

Moderate
Yes, 

Strong
% with GI Disorder 23.7% 24.4% 23.3% 22.2% 80.0%
N with GI Disorder 114 10 114 6 4

% with Ab Pain 9.8% 4.9% 9.4% 3.7% 40.0%
N with Ab Pain 47 2 46 1 2

% with Diarrhoea 8.3% 2.4% 8.0% 3.7% 20.0%
N with Diarrhoea 40 1 39 1 1

% with Vomiting 6.4% 4.9% 6.1% 7.4% 20.0%
N with Vomiting 31 2 30 2 1

Total N 481 41 490 27 5

PGP Inhibitor CYP Inhibitor
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Moderate CYP3A4/P-gp Inhibitors (Fluconazole DDI Study):  Repeated administration of 
fluconazole increased Cmax, AUC0-last, and AUC0-inf of naldemedine by 1.38 fold, 1.88 fold, and 
1.90 fold, respectively. Fold-increases in Cmax and AUC were consistent amongst individuals 
and AUC increases were generally within 2-fold.  Repeated administration of fluconazole 
decreased Cmax and AUC0-last of nor-naldemedine.  Sponsor doesn’t recommend dose adjustment 
in presence of moderate CYP3A4 inhibitor drugs, such as fluconazole.  Sponsor’s proposal is 
acceptable; label should reflect that patients receiving moderate CYP3A4 inhibitors with 
naldemedine should be monitored for adverse events.  

Study 1502V921E was a single center, open-label, two-period, crossover, DDI study evaluating 
effect of itraconazole, a strong CYP3A4 inhibitor in cohort 1, or fluconazole,  a moderate 
CYP3A4 inhibitor in Cohort 2 on the PK of naldemedine clinical dose (0.2 mg).  28 subjects (14 
per cohort; 20-55 years of age, inclusive) were included.

Cohort 2 (Co-Administration with Fluconazole)

Period 1 (Day 1 to 4): On Day 1, subjects received a single dose of naldemedine 0.2 mg in the 
fasted state.

Period 2 (Day 5 to 12): On Day 5, subjects received fluconazole 400 mg once daily in the fasted 
state. From Day 6 to 8, subjects received fluconazole 200 mg once daily in the fasted state. On 
Day 9, subjects received co-administration of naldemedine 0.2 mg and fluconazole 200 mg in the 
fasted state. On Days 10 and 11, subjects received fluconazole 200 mg once daily in the fasted 
state.

Mean plasma concentration-time profiles of naldemedine and its major metabolite, nor-
naldemedine in the absence and presence of fluconazole are shown below.  Mean concentration-
time profiles suggest an increase in naldemedine AUC and a slower elimination following 
concomitant oral dosing with moderate CYP3A4 inhibitor, fluconazole.  An effect on Cmax is 
also apparent from the average naldemedine concentrations.  Metabolite profiles suggest that 
nor-naldemedine levels were lower in presence of fluconazole due to the suppression of 
CYP3A4 metabolic pathway.  
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Figure 16: Naldemedine and metabolite concentration-time profiles with or without fluconazole 
[Source: 11.4-4; Clinical Study Report 1502V921E]

The table below summarizes the PK parameters for naldemedine, nor-naldemedine and 3-G 
metabolite.  Average data suggests an increase in Cmax and AUC values of naldemedine in 
presence of moderate CYP3A4 inhibitor fluconazole.  For naldemedine, the T1/2 value increased 
by ~ 4 h and apparent oral clearance reduced by ~ 50 % in presence of fluconazole. The Cmax 
and AUC of the major metabolite, nor-naldemedine were reduced to ~ 50 % in presence of 
fluconazole presumably due to the inhibition of CYP3A4 that mediates the formation of this 
metabolite.  The small metabolic ratios (M/P for Cmax and AUC) were further reduced to ~ 30-
40 % of their initial values in presence of fluconazole. 

Results of statistical analysis show a 38 % increase in Cmax, and ~ 1.88 –fold (or < 2-fold) 
increase in AUC of naldemedine in presence of fluconazole. The statistical analyses of 
naldemedine PK are also shown. Reviewer analysis of fluconazole DDI study provided PK and 
statistical outcomes similar to the sponsor’s analysis. Individual subject data consistently showed 
an increase in both Cmax and AUC in presence of fluconazole with the fold increases in AUC in 
general within 2-fold in presence of interacting drug.  Inter-subject variability in Cmax and AUC 
was low to moderate, ranging from 13 % to 24 %.

Table 19: Naldemedine and metabolite PK with or without fluconazole [Source: Table 11.4-3; 
Clinical Study Report 1502V921E]

Table 20: Statistical analyses of naldemedine exposure in presence of fluconazole
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Figure 17: Naldemedine and metabolite concentration-time profiles with or without cyclosporine 
[Source: Figures 11-1, 11-3; Clinical Study Report 1202V9218]

The average plasma PK parameters and statistical analyses are summarized below for both 
treatments. Reviewer’s analyses of the plasma-concentration time data provided PK and 
statistical outcomes similar to those reported by the sponsor. The treatment ratio and the 90 % 
confidence intervals suggest that co-administration with cyclosporine increased the Cmax, 
AUClast and AUCinf of S-297995 by 45 %, 79 % and 78 %, respectively.  

The changes in Cmax, AUC and CL/F could be due to increase in naldemedine bioavailability 
caused by inhibition of its intestinal p-gp efflux by cyclosporine. The role of p-gp inhibition in 
other areas relevant to drug clearance such as at the level of hepatocytes or renal tubules cannot 
be ruled out, which would result in reduced biliary excretion or renal clearance of S-297995. PK 
variability was moderate in both treatments but somewhat higher when drug was co-administered 
with cyclosporine.  

T1/2 was prolonged somewhat by ~ 2 h in presence of cyclosporine (although the slopes in the 
mean profiles look similar), while clearance (CL/F) reduced by ~ 44 %.  Data in individuals 
showed a generally consistent trend of increased exposures in presence of cyclosporine.  In 
general, the AUC increases were less than two-fold, except for two individuals who showed 
changes that were modestly above 2-fold. 

The inactive major metabolite nor-naldemedine showed a 2.6-fold, and 3.8 fold increase in Cmax 
and AUC in presence of p-glycoprotein inhibitor drug cyclosporine.  T1/2 values was similar, 
while Tmax was prolonged from 4 h to 8 h in presence of cyclosporine.  An increase in the 
metabolite to parent ratio can be seen for both Cmax and AUC parameters in presence of 
cyclosporine, suggesting increased formation of the metabolite and/or reduced biliary efflux due 
to p-gp inhibition.

Table 21: Naldemedine PK with or without cyclosporine [Source: Table 11-2; Clinical Study 
Report 1202V9218]
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There was no visible trend for discontinuations with CYP3A/p-gp inhibitor use. The source of 
the tables below is the sponsor’s mid-cycle update presentation.

Table 23:  GI adverse event frequency in the phase 3 program (by trial and overall incidence)

Table 24: Abdominal pain incidence in the phase 3 program (by trial)

Table 25: Clinical trial discontinuations by CYP3A and P-gp inhibitor use:
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3.3.6. Can the applicant’s PBPK be used to support dosing recommendations of naldemedine 
in various scenarios including concomitant administration with a moderate CYP3A inducer 
(efavirenz)?

Yes. The applicant constructed a naldemedine PBPK model and independently verified it with 
the observed naldemedine PK following single oral administrations with and without the CYP 
modulators itraconazole and rifampin (see PBPK review in part 2 Appendices).  The model is 
adequate to predict naldemedine exposure in the presence of a moderate CYP3A inducer 
efavirenz.  The model predicted a 43% decrease in naldemedine AUC after a single oral dose of 
0.2 mg naldemedine on day 15 with co- administrated with 400 mg efavirenz once daily for 17 
days.   

The applicant also used naldemedine PBPK model to simulate the effect of strong and moderate 
CYP3A inhibitors on naldemedine exposure when naldemedine was administered 0.2 mg once 
every other day (q.o.d.).  Because naldemedine is also a substrate of P-gp, which is not only 
responsible for its intestinal absorption but also may contribute to drug elimination in the 
kidneys, caution should be exercised when interpreting the simulation of the effect of a strong 
CYP3A inhibitor which also inhibits P-gp, such as itraconazole.  In fact, simulation tends to 
under estimate the observed effect by itraconazole (simulated/observed AUCR of 0.69), and the 
effect of itraconazole on P-gp was not considered in this simulation.  

4. APPENDICES
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4.1 Pharmacometrics Assessment [Dr. Justin Earp and Dr. Nitin Mehrotra]

Text that has been shaded in gray is a direct reference to the applicant’s submission text.  Figure, 
table, section, and equation numbers may have been changed to integrate with this document.

Reviewer’s Analysis:  
The pharmacometric reviewer’s analysis is presented in Section 3.3.

Results of Sponsor’s Analysis

Clinical Trials

Phase 2b Study 221: 
This was a Phase 2, multicenter, randomized, double-blind, placebo-controlled, parallel-group 
study to evaluate 3 doses of S-297995 in the treatment of subjects with non-malignant chronic 
pain and OIC receiving opioid therapy for ≥ 3 months. The study included a screening period, a 
28-day treatment period, and a 28-day follow-up period.  There were 244 subjects randomized in 
a 1:1:1:1 assignment to receive placebo, 0.1 mg, 0.2 mg, or 0.4 mg naldemedine once-daily. The 
primary objective of the study was to evaluate the efficacy (as assessed by the change in the 
frequency of SBMs per week from baseline to the last 2 weeks of the treatment period) of 
naldemedine tosylate in subjects with non-malignant chronic pain and opioid-induced 
constipation (OIC).  Efficacy results are shown in Table 2.  A key secondary endpoint was the 
collection of PK.  These PK data were utilized to support the population PK analysis and the 
exposure-response for efficacy and safety assessments.

(Source: Applicant’s Clinical Study Report for Trial 1107V9221)

Phase 3 Study 231
This was a Phase 3, multi-center, randomized, double-blind, placebo-controlled, parallel-group 
study to evaluate the efficacy and safety of naldemedine 0.2 mg once daily (QD) versus placebo 
for the treatment of subjects with non-malignant chronic pain and OIC. The study consisted of 3 
periods: a 2-4-week Screening Period; a 12-week double-blind, placebo-controlled Treatment 
Period; and a 4-week Follow-up Period.  There were 547 subjects randomized in a 1:1 ratio and 
received either a single tablet of 0.2 mg of naldemedine or placebo (270 subjects each) QD in a 
double-blind manner during the 12-week Treatment Period.  The primary objective of the study 
was to evaluate the efficacy of naldemedine compared to placebo without concomitant laxative 
treatment in subjects with non-malignant chronic pain receiving a stable opioid regimen for ≥1 
month and having opioid-induced constipation (OIC).  The primary efficacy endpoint was the 
proportion of responders, where a responder was defined as having 9 positive-response weeks 
out of the 12-week Treatment Period and 3 positive-response weeks out of the last 4 weeks of the 
12-week Treatment Period. A positive-response week was defined as 3 SBMs per week and an 
increase from baseline of 1 SBM per week for that week. There was a significantly (p=0.002) 
greater proportion of responders in the naldemedine group (47.6%) relative to the placebo group 
(34.6%), meeting the primary objective of the study. A key secondary endpoint was the 
collection of PK at weeks 4, 8, and 12.  These PK data were utilized to support the population 
PK analysis and the exposure-response for efficacy and safety assessments.
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(Source: Applicant’s Clinical Study Report for Trial 1314V9231)

Phase 3 Study 232
Study 232 was a replicate trial to 231.  In this trial 553 patients were randomized to either 
placebo or 0.2 mg in a 1:1 manner.  There was a significantly (p<0.0001) greater proportion of 
responders in the naldemedine group (145/276, 52.5%) relative to the placebo group (92/274, 
33.6%), meeting the primary objective of the study.  A key secondary endpoint was the 
collection of PK at weeks 4, 8, and 12.  These PK data were utilized to support the population 
PK analysis and the exposure-response for efficacy and safety assessments.

(Source: Applicant’s Clinical Study Report for Trial 1314V9232)

Population PK Analysis
The clinical studies with available PK data are listed with study summary information and PK 
sampling time points in the following table.
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Reference ID: 4017793

  
        
      

   
       

      
  

    
   

    
   
                 

            
               
        

     
  

 

            
             

          
          

    
     

    
  

                   
          

            
         

  
       

     
     
    
  

  

              
           

        
     

 
  

                  
               

        
   

 
              
              

          
       

   
     

 
              

             
      

      
   

 
  

 



44

Reference ID: 4017793
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(Source: Applicant’s Population PK Report, Summary of Clinical Study Information, page 11)

Table 1 Applicant’s summary of clinical studies and PK information available in each 
study.

The population PK analysis population included all subjects who had at least one plasma 
naldemedine concentration data point, which was used in the final model of the population PK 
analysis.

A two-compartment model with first-order absorption was selected as a structural PK model 
because naldemedine concentration appeared to decline in a biphasic manner, and the 
pharmacokinetic parameters were not stably estimated with three-compartment model in 
NONMEM calculation. An absorption lag time (ALAG) was incorporated into the model based 
on the OBJ value.

The parameter estimates of the final model are presented in Table 2 together with the bootstrap 
estimates and confidence intervals. The final model included the effect of age, CLcr, race (White 
or non-White), and gender on CL/F; the effect of body weight, health status, and food condition 
on Vc/F; and the effect of age on Ka.

Food condition was selected as covariate in Vc/F. In a Phase 1 study (1311V921A), food intake 
reduced Cmax, delayed Tmax, but did not influence AUC or bioavailability. Food effect could 
plausibly be attributable to a reduction in the Ka, but population PK model with food condition 
as covariate on Ka was not estimated appropriately because the model was unstable.
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Reviewer’s Comments: 
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Based on the eta1 plots for CL, the applicant’s claims that age, gender, and race do not appear 
to influence naldemedine PK are reasonable.  The claims that hepatic impairment, renal 
impairment did not have an effect on the PK of naldemedine tosylate should be based on the 
results from the available dedicated studies rather than on the population PK model based.  

The use of AUC for exposure-response analyses, as calculated by the individual post hoc 
estimates of CL, is acceptable, as the model appears to capture the central tendency of the data 
and the shrinkage for CL is low at 6.3%.

Exposure-Response Analyses:
As for continuous variables for efficacy (change in the frequency of SBMs), the relationship to 
PK parameter estimates was examined using a regression model by SAS.

As for dichotomous variables for efficacy (responder or non-responder) and safety (occurrence 
of adverse event or not), relationships to PK parameters were examined using an appropriate 
model [e.g., logistic model given in Equations (1) or (2)] by SAS.

Probability (PD event) = 1 / [1 + exp (− a− b × PK parameter)] (1)

Probability (PD event) = 1 / {1 + exp[− a− b × ln(PK parameter)]} (2)

where a and b are the parameters to be estimated.

Exposure Response for Efficacy
The PK/Efficacy analysis population included the subjects in population PK analysis population 
or in the placebo group, and who also had efficacy data for PK/PD analysis obtained from Phase 
2 and Phase 3 studies (1007V9214, 1107V9221, 1108V9222, 1314V9231, 1315V9232, and 
1331V9236).  AUC of the subjects in the placebo group were treated as zero (0).
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(Source: Applicant’s Population PK Report, Figure 10)

Figure 6.  Plots of Spontaneous Bowel Movement (SBM) Responder versus Predicted 
Naldemedine AUC (Non-responder = 0, Responder =1).

The logistic model with Equation (1) in Section 6.7.4 was used for the PK/Efficacy analysis of 
the SBM responder and the parameter estimates are shown in Table 5. The predictions from the 
logistic model were presented in Figure 7. The slopes of AUC were similar across all studies and 
the model well described the observations. The probabilities of the SBM responder were 
calculated based on the developed logistic model by using the mean AUC in Table 3, and 
relationships between the probabilities of the SBM responder and AUC around clinical doses 
(placebo, 0.1, 0.2, and 0.4 mg) were summarized in Table 6. When subjects took 0.2 mg of 
naldemedine in the Phase 2 and Phase 3 studies, the probabilities of the number of SBM 
responders were predicted to be 52.7% (patients with chronic non-cancer pain and OIC in the 
Phase 2b study; 1107V9221), 72.1% (cancer patients with OIC in Phase 2b study; 1108V9222), 
49.9% (patients with chronic non-cancer pain and OIC in Phase 3 studies; 1314V9231 and 
1315V9232), and 69.7% (cancer patients with OIC in Phase 3 study; 1331V9236).
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(Source: Applicant’s Population PK Report, Table 13)

Table 5.  Parameter Estimates of PK/Efficacy Analysis for Spontaneous Bowel Movement 
(SBM) Responders

Reference ID: 4017793
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(Source: Applicant’s Population PK Report, Figure 11)

Figure 7.  Plots of Logistic Regression for Spontaneous Bowel Movement (SBM) 
Responders
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(Source: Applicant’s Population PK Report, Table 14)

Table 6.  Probabilities of Occurrent of Spontaneous Bowel Movement (SBM) Responder 
for a 0.1, 0.2, and 0.4 mg Dose of Naldemedine or Placebo.

Reviewer’s Comments: 

The exposure response relationships for efficacy suggest that patients receiving the 0.2 mg dose 
attain AUC values that fall within an acceptable portion of the relationship between 
naldemedine tosylate AUC and SBM responder (Figure 1).  The naldemedine tosylate exposure 
range for the 0.2 mg dose, indicated by AUC (5th, 95th percentiles), in trial 231 is 26.8 ng*hr/mL 
(13.1, 49.3) and in trial 232 is 27.4 ng*hr/mL (13.2, 50.3).    Reaching maximal efficacy with 
regards to the exposure-response relationship in this case is not desirable; as diarrhea, 
abdominal pain, nausea and vomiting are shown to increase with higher doses of the drug (See 
section 3.3.1).  The statistical findings in both trials 231 and 232 indicate that the 0.2 mg dose 
arm met the primary efficacy endpoint (SBM responder) of superiority over placebo.  See the 
statistical review by Dr. George Kordzakhia or clinical review by Dr. Lauren Weintraub for 
further details.

Exposure Response for Safety
The PK/Safety analysis population included the subjects in population PK analysis population or 
in the placebo group, and who also had safety data for PK/PD analysis obtained from Phase 2 
and Phase 3 studies (1007V9214, 1107V9221, 1108V9222, 1314V9231, 1315V9232, and 
1331V9236).  AUC of the subjects in the placebo group were treated as zero (0).
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The logistic model with Equation (1) was used for the PK/Safety analysis. When the number of 
subjects with adverse events occurred was less than 3, PK/Safety analysis was not evaluated 
because of the insufficient data. The severity of TEAE and treatment-related AE was categorized 
into the following 3 types of dummy variables.

 AE Binary 1: 0 in Not Reported; 1 in Mild, Moderate, or Severe

 AE Binary 2: 0 in Not Reported or Mild; 1 in Moderate or Severe

 AE Binary 3: 0 in Not Reported, Mild, or Moderate; 1 in Severe

Logistic regressions were performed with the severity variables categorized into binary AE 
categories. Table 7 provides the parameter estimates of the PK/Safety analysis for TEAE.  Figure 
8 plots the probability of TEAE calculated with the developed logistic model.
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out of 18 (38.9%) experienced a mild TEAE that was categorized as a gastrointestinal disorder in 
Study No. 1007V9214.

The probabilities of the occurrence of mild, moderate, or severe abdominal pain at 0.2 mg and 
0.4 mg equivalent AUC were predicted to be 44.4% and 62.9% (1007V9214), 11.5% and 18.2% 
(1107V9221), 6.4% and 11.7% (1314V9231 and 1315V9232), and 2.8% and 6.5% (1331V9236), 
respectively.

The probabilities of the occurrence of mild, moderate, or severe diarrhea at 0.2 mg and 0.4 mg 
equivalent AUC were predicted to be 7.0% and 11.9% (1007V9214), 2.6% and 1.2% 
(1107V9221), 38.0% and 49.4% (1108V9222), 5.6% and 9.6% (1314V9231 and 1315V9232), 
and 18.0% and 34.1% (1331V9236), respectively.

The probabilities of the occurrence of severe gastrointestinal disorders at 0.2 mg and 0.4 mg 
equivalent AUC were predicted to be 1.1% and 1.7% (1007V9214), and 1.8% and 2.7% 
(1314V9231 and 1315V9232), respectively. The severe gastrointestinal disorders were not 
reported in 1107V9221 and 1108V9222 and the observed number of occurrences was less than 3 
(2 out of 97; 2.1%) at naldemedine dose of 0.2 mg in 1331V9236 in the PK/Safety analysis 
population.

The probabilities of the occurrence of severe abdominal pain at 0.2 mg and 0.4 mg equivalent 
AUC were predicted to be 1.1% and 1.7% (1007V9214), and 1.0% and 1.4% (1314V9231 and 
1315V9232), respectively. The severe abdominal pain was not reported in 1107V9221, 
1108V9222, and 1331V9236 in the PK/Safety analysis population. 

The probabilities of the occurrence of severe diarrhea at 0.2 mg and 0.4 mg equivalent AUC 
were predicted to be 0.7% and 1.0% (1007V9214), and 0.2% and 0.2% (1314V9231 and 
1315V9232), respectively. Severe diarrhea was not reported in 1107V9221 and 1108V9222 and 
the observed number of occurrences was less than 3 (2 out of 97; 2.1%) at the naldemedine dose 
of 2 mg in 1331V9236 in the PK/Safety analysis population.

Reviewer’s Comments: The applicant’s exposure response analysis appears reasonable.  
Although the safety data numbers are somewhat limited (particularly for logistic regression of 
grade 3 or higher abdominal pain and diarrhea events), the trends indicated in the safety events 
are consistent with the mechanism of action.  Interestingly they also suggest that higher gut 
exposure may play a more important role than systemic exposure, thus it’s important to consider 
whether dose increases (increasing gut exposure) for patients with a high systemic clearance of 
the drug (e.g. concomitant CYP3A4 induction) are warranted.
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4.2 Physiologically Based Pharmacokinetic (PBPK) Modeling Review 

[Dr. Yuching Yang and Dr. Ping Zhao]

Objectives 

The main objective of this review is to evaluate the adequacy of the applicant’s physiologically-
based pharmacokinetic (PBPK) model to support dosing recommendations of naldemedine with 
concomitant administration of a moderate CYP3A inducer. 

To support its conclusions the applicant provided the following PBPK modeling and simulation 
reports:  

• Prediction of Drug-Drug Interaction between Naldemedine as a CYP3A4 Substrate 
and a CYP3A Inducer Using Physiologically-based Pharmacokinetic Model [1]

• In its proposed prescription information [2]
• Prediction of Drug-Drug Interaction between Naldemedine as a CYP3A4 Substrate 

and Itraconazole as a Strong CYP3A Inhibitor Using Physiologically-based 
Pharmacokinetic Model (PBPK DDI with Itraconazole) (Response to FDA 
Information Request 1) (May 13 2016) [3]

• Prediction of Drug-Drug Interaction between Naldemedine as a CYP3A4 Substrate 
and Itraconazole as a Strong CYP3A Inhibitor, and Fluconazole as a Moderate 
CYP3A Inhibitor at Steady State Using Physiologically-based Pharmacokinetic 
Model (PBPK DDI with Itraconazole and Fluconazole at Steady State (Response to 
FDA Information Request 2) (Aug 30 2016) [4]

• Additional Prediction of Drug-Drug Interaction between Naldemedine and CYP3A 
Inhibitors/Inducers Using Physiologically-based Pharmacokinetic Model (Additional 
PBPK DDI with CYP3A Inhibitors/Inducers) (Response to FDA Information Request 
3) (September 3 2016) [5]

 Background

Naldemedine treats the opioid-induced constipation (OIC) in adult patients with chronic non-
cancer pain in adults.  Naldemedine is mainly metabolized by CYP 3A in the liver, and is a 
substrate for P-glycoprotein (P-gp) transporter.  Linear dose-exposure relationships were 
clinically observed following single and multiple oral doses of naldemedine [5].  The average 
oral clearance (CL/F) following single oral administration of 0.2 mg naldemedine is 8.34 L/hr.  
Human mass-balance study shows that approximately 20% of the orally administered dose of 
naldemedine was excreted unchanged in the urine.  Proposed naldemedine dosing regimen is 0.2 
mg once daily with or without food in applicant’s proposed prescription information (USPI) [2],

The applicant conducted four clinical drug-drug interaction (DDI) studies in healthy subjects to 
assess interactions between naldemedine and P-gp inhibitor and various CYP3A or CYP3A/P-gp 
modulators.  Table 1 summarizes the ratios of the observed maximum plasma concentration 
(Cmax) and area under the plasma concentration–time curve (AUC) of naldemedine in these 
studies [6].  

Table 1. Summary of clinically observed DDI studies for naldemedine
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The applicant estimated the naldemedine bioavailability based on the clinical DDI effects of 
cyclosporine and fluconazole on naldemedine PKs.  Bioavailability parameter (F) is the product 
of three absorption parameters: fraction absorbed (Fa), fraction escaping gut metabolism (FG) 
and fraction escaping hepatic metabolism (FH).  First, the applicant determined the value of Fa 
according to the results of the cyclosporine DDI study.  Assuming the cyclosporine completely 
inhibits intestinal P-gp without affecting gut and liver CYP3A, the 1.78 fold increase in 
naldemedine AUC when coadminstrated with cyclosporine represents the P-gp mediated oral 
absorption ratio (Fa) [5].  Thus the value of Fa is 0.56.  This assumption appears valid because 
co-administration of cyclosporine had minimal impact on the elimination phase of naldemedine 
PK profile.

Second, from the results of the fluconazole DDI study, a 0.53 fold decrease in the oral clearance, 
CL/F, and 0.73 fold decrease in naldemedine terminal elimination rate constant (λz) were 
observed.  Assuming that the change of terminal elimination rate constant (λz) is equal to the 
change of systemic clearance (CL) of naldemedine, CL’/CL as 0.73[5], the applicant estimated 
the ratio of total bioaviaiblility, F/F’ (without and with fluconazole) to be 0.73 (0.53/0.73).  The 
applicant noted that the naldemedine FH is close to 1 given the low hepatic extract ratio observed 
clinically [5].  By assuming fluconazole does not impact Fa and using FH of 1, the applicant 
derived the upper limit value of FG as 0.73.   

Using the parameters reported in the previous sections, the applicant further estimated the values 
for hepatic intrinsic clearance (CLint), FG and Qgut (a hypothetical flow term for the intestine 
absorption model, [10, 11]) using retrograde method and sensitivity analysis.  The applicant first 
applied retrograde method to calculate a set of CLint that corresponded to FG in a range of 0.4-
1.0, assuming the hepatic clearance is 100% mediated by CYP3A4.  The applicant then 
conducted several sensitivity analysis of Qgut by assigning a CYP3A4 CLint obtained from the 
retrograde calculation.  For each run of sensitivity analysis, the values of FG were computed 
based on the assigned CYP3A4 CLint.  Finally, the applicant compared the paired CLint and FG 
values calculated using retrograde method and sensitivity analysis.  As the results, Qgut of 1 L/hr 
and FG of 0.8 were selected to simultaneously satisfy the quantitative relationships between CLint 
and FG obtained from these two analyses, as well as the upper limits criteria for FG (0.73).  The 
estimated CLint was 0.059 μL/min/pmol isoform.

The values of ka and Vss were optimized by fitting the mean plasma naldemedine concentration-
time profiles following a single oral (0.2 mg) dosing [5].  The estimated parameters are 2.7/hr for 
ka and 0.32 L/kg for Vss.

Unless otherwise stated, all simulations were conducted in Software’s built-in virtual populations 
under fasted condition [5].  For DDI simulations, the build-in compound files for CYP 
modulators (such as itraconazole) were used [5].

III.2. Model verification

The developed naldemedine model was verified by comparing the simulated plasma PK results 
for naldemedine with those observed in the clinical studies with itraconazole, fluconazole and 
rifampin as listed in Table 2.  
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Table 2. Trial designs for PBPK simulations used in model verification and application
Subjects 
(n) × 
Trials (n)

Substrate Dose Regimen Perpetrator Dose Regimen Virtual 
Population Note

14x10 naldemedine 0.2 mg s.d. on 
Day 5

fluconazole 400 mg b.i.d. on day 
1 and 200 mg q.d. 
from day 2 to 7

Sim-
Japanese

Confirmation 

14x10 naldemedine
0.2 mg single 
dose (s.d.) on 
Day 5

itraconazole

200 mg twice daily 
(b.i.d.) on day 1 and 
200 mg once daily 
(q.d.) from day 2 to 7

Sim-
Japanese Verification

14x10 naldemedine 0.2 mg s.d. on 
Day 15 rifampin 600 mg q.d. from day 

1 to 17

Sim-
Healthy 
Volunteers

Verification

14x10 naldemedine 0.2 mg s.d. on 
Day 15 efavirenz 400 mg q.d. from day 

1 to 17

Sim-
Healthy 
Volunteers

Prediction

14x10 naldemedine 0.2 mg q.d. Day 
1-16 itraconazole

200 mg b.i.d. on day 
9 and 200 mg q.d. 
from day 10 to 16

Sim-
Japanese Prediction

14x10 naldemedine

0.2 mg once 
every other day 
(q.o.d.) Day 1, 
3,5,7,9,11,13,15

itraconazole
200 mg b.i.d. on day 
9 and 200 mg q.d. 
from day 10 to 16

Sim-
Japanese Prediction

14x10 naldemedine 0.2 mg q.d. Day 
1-16 fluconazole

400 mg b.i.d. on day 
9 and 200 mg q.d. 
from day 10 to 16

Sim-
Japanese Prediction

14x10 naldemedine
0.2 mg q.o.d. 
Day1,3,5,7,9,11
,13,15

fluconazole
400 mg b.i.d. on day 
9 and 200 mg q.d. 
from day 10 to 16

Sim-
Japanese Prediction

Data source: PBPK model report tables 4 and 7 [5]

III.3. Model application

The applicant used the final PBPK model to predict DDI between a moderate CYP3A inducer 
(efavirenz) on the PK of naldemedine in virtual healthy subjects.  The applicant also applied 
naldemedine PBPK model to predict the kinetics of naldemedine following various dosing 
regimens with co-administration of CYP3A4 inhibitors, itraconazole and fluconazole, in healthy 
subjects [5].  

Results

IV.1. Can PBPK model provide a reasonable description of the naldemedine DDI 
potential in healthy volunteer? 

Yes.  The final naldemedine PBPK model was verified with the observed naldemedine PK 
following single oral administrations with and without the CYP modulators itraconazole and 
rifampin.    
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In healthy subjects following a single oral dose of 0.2 mg naldemedine alone, the simulated 
median of geometric mean values for Cmax and AUC (for 10 virtual trials) using final PBPK 
model were within 12-31% of the observed geometric mean values for DDI studies with 
fluconazole, itraconazole, and rifampin [5].  Table 3 summarizes model simulated and clinically 
observed exposure ratios (CmaxR and AUCR) of naldemedine with and without co-
administration with fluconazole, itraconazole, and rifampin.  Except for an apparent under-
prediction of the effect by a strong CYP3A inhibitor itraconazole (simulated/observed AUCR of 
0.69, see discussions below), PBPK simulations reasonably described the observed exposure 
changes, confirming the assumption that metabolism by CYP3A was the predominant hepatic 
elimination pathway for naldemedine.   

The reviewer noted that the model tends to over-predict Cmax and AUC of naldemedine 
(Figures 2-4, solid lines).  With regard to the apparent under-prediction of the effect of 
itraconazole on naldemedine AUC, the applicant stated that the discrepancy between the 
simulated and observed DDI effects of itraconazole on naldemedine PK is likely that P-gp 
inhibition by itraconazole was not considered in the current models.  However, based on the 
observed PK profiles (Figure 3), it is unlikely that itraconazole inhibits intestinal P-gp.  
Naldemedine’s CLR (average 1.66 L/hr) is greater than the product of free fraction in plasma (fu, 
0.06) and glomerular filtration rate (e.g., 120 ml/min) in a 70 kg healthy volunteer (e.g., filtration 
clearance of 0.43 L/hr).  If P-gp is responsible for the active secretion of naldemedine in the 
kidney, inhibition of P-gp by itraconazole may explain the apparent under-prediction of the 
magnitude of DDI, because the current simulation assumed CYP3A inhibition only. 
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Figure 2. Simulated and observed naldemedine plasma profiles following a single oral 
dose of 0.2 mg naldemedine with and without coadministration of fluconazole 

Observed (symbols) and simulated mean 
plasma concentration profiles of naldemedine 
following 0.2 mg naldemedine alone (solid 
line; s.d.) and with co-administration (dash 
line) of fluconazole for 5 days 
(Extract from PBPK report Figure 3 [5])

Figure 3. Simulated and observed naldemedine plasma profiles following a single oral 
dose of 0.2 mg naldemedine with and without coadministration of itraconazole

Observed (symbols) and simulated mean 
plasma concentration profiles of naldemedine 
following 0.2 mg naldemedine alone (solid 
line; s.d.) and with co-administration (dash 
line) of itraconazole for 5 days 
(Extracted from PBPK report Figure 4 [5])

Figure 4. Simulated and observed naldemedine plasma profiles following a single oral 
dose of 0.2 mg naldemedine with and without coadministration of rifampin

Observed (symbols) and simulated mean 
plasma concentration profiles of naldemedine 
following 0.2 mg naldemedine alone (solid 
line; s.d.) and with co-administration (dash 
line) of rifampin for 15 days
(Extracted from PBPK report Figure 5 [5])  
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Table 3. Simulated and observed DDI effects of various CYP3A modulators on 
naldemedine Cmax and AUC 

Simulateda ratio 
with/without a CYP3A 
modulator 

Observedb ratio 
with/without a CYP3A 
modulator

Simulated/Observed 
Ratio

CmaxR AUCR CmaxR AUCR Cmax AUC

Fluconazole 
(model confirmation)

1.19
(1.17, 1.22)

1.66
(1.61, 1.72)

1.38
(1.23, 1.55)

1.88
(1.78, 1.98) 0.87 0.88

Itraconazole 
(model verification)

1.27
(1.23, 1.30)

1.83
(1.78, 1.92)

1.12
(0.97, 1.30)

2.65
(2.40, 2.93) 1.13 0.69

Rifampicin 
(model verification)

0.47
(0.41, 0.55)

0.20
(0.17, 0.26)

0.62
(0.55, 0.70)

0.17
(0.15, 0.19) 0.76 1.16

Efavirenz
(model application)

0.65
(0.61, 0.70)

0.57
(0.52, 0.61) NA NA NA NA

*Data source: PBPK report table 8-11 [5] 
a Median (minimum, maximum) of geometric mean values for virtual 10 trials.
b Geometric mean (90% confidence interval).

Naldemedine PBPK model was then used to predict the DDI potential between naldemedine and 
a moderate CYP3A inducer efavirenz.  The applicant’s efavirenz model was adapted from a 
published model for MOVANTIK (naloxegol) [12] and verified with the simulated DDI effect 
between efavirenz and naloxegol in the published report [12] (Appendix Table 3).  FDA 
reviewer evaluated applicant’s simulation of the effect of efavirenz on the PK of naldemedine by 
comparing several published efavirenz PBPK models [13, 14, 15].  PBPK model parameters for 
efavirenz are summarized in Appendix Table 2.  FDA reviewer also used the applicant’s 
efavirenz PBPK model to simulate the DDI effects between naldemedine and two CYP3A 
substrates maraviroc and alfentanil.  PBPK models for maraviroc and alfentanil were adapted 
from Ke [16].  The simulated DDI effects of efavirenz on maraviroc and alfentanil are 
comparable to those observed clinically (Table 4).  Thus, applicant’s efavirenz model is 
considered adequate to predict DDI effect of efavirenz on a CYP3A substrate.  The applicant 
simulated the effect of efavirenz (oral 400 mg q.d. for 17 days) on the PK of single oral dose of 
naldemedine (0.2 mg on day 15) in healthy subjects.  Simulations show 35% and 43% decrease 
in Cmax and AUC for naldemedine, respectively (Table 3).  

Table 4. Simulated and observed efavirenz DDI effects on CYP3A substrates 
Substrate Perpetrator Observed AUC ratio of substrate 

with/without EFV
Simulated AUC ratio of substrate 
with/without EFVa

Maraviroc, 100 mg oral 
b.i.d. for 14 day 

Efavirenz, 600 mg 
q.d. for 14 day

0.49b 0.53

Alfentanil, a single 43 
µg/kg oral q.d. on day 19

Efavirenz, 600 mg 
q.d. for 20 day

0.22[16] 0.28

a Simulated by FDA reviewer using the applicant’s efavirenz PBPK model with PBPK models 
for maraviroc and alfentanil reported in the Ke et al [16]. Simulated geometric means were 
reported.
b Reported values in [17].

In response to FDA’s information request [8], the applicant simulated steady state naldemedine 
exposures with concomitant administration of CYP inhibitors, itraconazole and fluconazole, 
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following alternative dosing regimens (Table 2).  Results of the naldemedine PK simulated 
under various dosing regimens are in Table 5.  With fluconazole, the model predicted a 66% 
increase in naldemedine AUC (based on 0-24 hours) following 0.2 mg naldemedine once daily 
against those simulated with 0.2 mg naldemedine alone; and a 17% decrease in naldemedine 
AUC (based on 0-48 hours) following 0.2 mg naldemedine once every other day.  With 
itraconazole, the model predicted an 86% increase in naldemedine AUC (based on 0-24 hours) 
following 0.2 mg naldemedine once daily; and 7% decrease in naldemedine AUC (based on 0-48 
hours) following 0.2 mg naldemedine once every other day.

Table 5. Simulated Cmax and AUC of naldemedine at steady state following various 
naldemedine dosing regimens with co-administration of CYP3A inhibitors

CmaxR AUCR
Naldemedine q.d. with fluconazole/ Naldemedine q.d. alonea 1.26 1.66b

Naldemedine q.o.d. with fluconazole/ Naldemedine q.d. alonea 1.16 0.83c

Naldemedine q.d. with Itraconazole/ Naldemedine q.d. alonea 1.35 1.86b

Naldemedine q.o.d.with Itraconazole/ Naldemedine q.d. alonea 1.24 0.93c

*Data source: PBPK report table 14 and 17 [5]
a See Table 2 for the simulation protocols
b Compared based on AUC for 0-24 hours
c Compared based on AUC for 0-48 hours

 Conclusion

The submitted naldemedine PBPK models are adequate to predict the naldemedine exposure in 
healthy subjects co-administered with a moderate CYP3A inducer such as efavirenz.  The model 
predicted a 43% decrease in naldemedine AUC after a single oral dose with concomitant 
administration of 400 mg efavirenz once daily for 17 days.  These analyses are adequate to 
support applicant’s statement that “Simulation using physiologically-based pharmacokinetic 
modeling suggested that concomitant use of efavirenz, decreases exposure to naldemedine by 
48%.”

Simulation results shows that an alternative naldemedine dosing regimen (every other day vs 
once daily dosing) would decrease naldemedine exposure when co-administrated with CYP3A 
inhibitors such as itraconazole.  The model predicted the steady-state AUC for 0.2 mg 
naldemedine once every other day with concomitant administration of itraconazole are 93% to 
those for 0.2 mg naldemedine once daily alone.  

Abbreviations 

AUC, area under the concentration-time profile;  AUC ratio, the ratio of the area under the curve 
of the substrate drug in the presence and absence of the perpetrator; b.i.d., twice daily dosing; 
B/P, blood to plasma ratio; Cmax, maximal concentration in plasma; Cmax ratio, the ratio of the 
maximum plasma concentration of the substrate drug in the presence or absence of the 
perpetrator; CL, clearance; CL/F, apparent oral clearance; CLint, intrinsic clearance; CLR, renal 
clearance; DDI, drug-drug interaction; F, bioavailability; Fa, fraction absorbed; FG, fraction that 
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escapes intestinal metabolism; FH, fraction that escapes hepatic metabolism; fu, unbound fraction 
in plasma; fm,CYP, fraction metabolized by a CYP enzyme; ka, first order absorption rate constant; 
P-gp, P-glycoprotein; PBPK, Physiologically-based Pharmacokinetic; PK, Pharmacokinetics; 
q.d., once daily dosing; Qgut, a hypothetical flow term for the intestine absorption model; q.o.d., 
once every other day dosing; s.d., single dosing; Vss, volume of distribution at steady state

The FDA reviewer acknowledges the scientific inputs from Dr. Shinichi Kijima.
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 Information Requests

Information Requests sent to the sponsor on 04/20/2016
We have conducted initial review of your PBPK report that predicts drug-drug interaction (DDI) 
between efavirenz and naldemedine. Provide the following information for review: 
1.  Simulations of the effect of a strong CYP3A inhibitor (itraconazole) on the exposure of 
naldemedine using your final naldemedine PBPK model.  Simulation conditions should be the 
same as those described in your Clinical Study 1502V921E.  Simulated naldemedine exposure 
changes should be compared with observed values.
2.  Provide the model files used to generate the final PBPK simulations described in your PBPK 
report (including simulations related to the PK and DDI for naloxegol and efavirenz) and those 
requested in item 3.  These files include, but are not limited to drug model files, population files, 
and workspace files (.cmp, .lbr, and .wks). These files should be executable by the FDA 
reviewers using Simcyp. Software specific excel files such as parameter estimation data files and 
simulation outputs should be submitted as MS Excel files.
Information Requests sent to the sponsor on 08/19/2016
PBPK Information Request:
Use the naldemedine and CYP3A inhibitor models to simulate the following scenarios:
1. Naldemedine 0.2 mg once daily (q.d.) to steady state with/without coadministration of 
itraconazole
2. Naldemedine 0.2 mg once every other day (q.o.d.) to steady state with/without 
coadministration of itraconazole
3. Naldemedine 0.2 mg once daily (q.d.) to steady state with/without coadministration of 
fluconazole
4. Naldemedine 0.2 mg once every other day (q.o.d.) to steady state with/without 
coadministration of fluconazole
Information Requests sent to the sponsor on 09/03/2016
When developing naldemedine PBPK model, you assumed that fluconazole and cyclosporine co-
administration can completely inhibit first pass metabolism (#S-297995-CB-341-N). The 
assumptions are questionable because cyclosporine and fluconazole are not strong CYP3A 
inhibitors. The observed PK profiles of several DDI studies suggest that cyclosporine may only 
affect oral absorption of naldemedine by inhibiting intestinal P-gp. As such, alternative model 
cannot be ruled out.
You should construct an alternative naldemedine PBPK model with Fa equal to 1/1.78, assuming 
coadministration of cyclosporine completely inhibits intestinal P-gp without affecting gut and 
liver CYP3A. With the new Fa, repeat retrograde and other analyses to determine possible 
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combination of
CLint, CYP3A, CLint, additional, and Fg. Use metabolite identification data from your mass 
balance studies to facilitate model building.
Use the final alternative model to repeat DDI simulations included in your study report ((#S-
297995-CB-341-N) and your responses to FDA’s information requests dated on June 16 
(itraconazole DDI) and August 30 (naldemedine DDI at steady state), respectively.

Appendix Tables 

Appendix Table 1. PBPK model inputs for naldemedine
Parameter (unit) Values Note
Mol Weight (g/mol) 570.6 Applicant's Investigator’s Brochure1

log P 4.2 Applicant's Investigator’s Brochure1

pKa 1 4.5 Applicant's Investigator’s Brochure1

pKa 2 7.4 Applicant's Investigator’s Brochure1

B/P 0.6 Applicant's in house value [5]
fu 0.06 Applicant's Investigator’s Brochure1

fa 0.56 Estimated from Cyclosporine DDI study 
ka (1/hr) 2.7 Optimized using data from PK studies
Q(Gut) (L/hr) 1.0 Selected based on FG = 0.8
Vss (L/kg) 0.3 Optimized using data from PK studies
CYP3A4 CLint (µL/min/pmol of isoform) 0.059 Convert from observed CLpo
CLR (L/hr) 1.66 Based on mass balance study
1 Shionogi & Co., Ltd., Investigator’s Brochure for S-297995, Edition 8, 2015.

Appendix Table 2 Comparison of efavirenz PBPK models 
(Source: Output file submitted to FDA, and FDA review of olaparib (AZD2281) [13])

Current Report FDA review of olaparib [11] SimCYP version 
13.2

Parameter (unit)

SimCYP version 
14

Efavirenz Rekic 
2010 [14]

Efavirenz Siccardi 2012 
[15]

Mol Weight (g/mol) 315.67 315.7 315.7
log P 5.40 5.4 4.6
Compound Type Monoprotic Base Neutral Monoprotic Base, pKa 1: 

10.20
B/P 0.74 0.74 0.74
fp 0.03 0.011 0.01
Absorption ADAM  1st Order  
fu,gut 1.00 1 1
Apical pH : Basolateral pH 6.5 : 7.4 6.5 : 7.4 6.5 : 7.4
Activity Passive & Active Passive & Active Passive & Active
Apparent permeability Papp (10-6 
cm/s)

8.92 8.92 2.5

Reference Compound Propranolol Propranolol Propranolol
Reference Papp (10-6 cm/s) 21.15 21.15 21.15
Predicted hypothetical flow term for 
the intestine absorption model - Qgut 

 9.17 5.34
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(L/hr)
Distribution Full PBPK Model Minimal PBPK 

Model
Full PBPK Model 

Vss (L/kg) 3.3 (User entered) 3.3 (User entered) 2.6 (predicted)
Predicted Kp values
Adipose Value 2.26 NA 0.03
Bone Value 1.80  11.46
Brain Value 1.24  10.55
Gut Value 4.55  8.34
Heart Value 4.44  2.67
Kidney Value 2.47  4.06
Liver Value 7.51  6.63
Lung Value 0.79  1.03
Muscle Value 3.76  4.12
Skin Value 2.20  5.00
Spleen Value 4.20  4.14
Pancreas Value 2.85  6.85
Elimination    
Pathway 1    
fu mic 0.3 0.3 0.3
CYP3A4    
Max. reaction velocity Vmax 
(pmol/min/pmol)

0.16 0.16 CLint: 0.007 
µL/min/pmol

Michaelis Menten Constant Km (µM) 23.5 23.5  
CYP3A5    
Max. reaction velocity Vmax 
(pmol/min/pmol)

0.6 0.6 CLint: 0.03 µL/min/pmol

Michaelis Menten Constant Km (µM) 19.1 19.1  
CYP1A2    
Max. reaction velocity Vmax 
(pmol/min/pmol)

0.06 0.06 CLint: 0.07 µL/min/pmol

Michaelis Menten Constant Km (µM) 8.3 8.3  
CYP2B6    
Max. reaction velocity Vmax 
(pmol/min/pmol)

3.5 3.5 CLint: 0.55 µL/min/pmol

Michaelis Menten Constant Km (µM) 6.4 6.4  
CYP2A6    
Max. reaction velocity Vmax 
(pmol/min/pmol)

1.08 1.08 CLint: 0.08 µL/min/pmol

Michaelis Menten Constant Km (µM) 14.7 14.7  
Pathway 2    
CYP2A6 Vmax 1.1 

pmol/min/pmol
 CLint 0.05 µL/min/pmol

 Km 14.7 µM   
fu mic   1
UGT2B7 Vmax 1.5 

pmol/min/pmol
Vmax 1.5 
pmol/min/pmol

CLint 0.05 µL/min/pmol

 Km 16.1 µM Km 6.4 µM  
fu mic 0.3 0.3 0.3
CLR (L/hr) 0 0 0
CYPs and/or UGTs Interaction    
fu,inc 1   
CYP2B6 induction    
Maximal induction fold change: Emax 5.8 5.8 6
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CV (%) 13.7 13.7 30
MIA (pmol/mg microsomal protein) 247.2 247.2 294.4
EC50 (µM) 0.8 0.8  
CV (%) 71.9 71.9  
Unbound fraction in (hepatocyte) 
incubation fu inc

1 0.06  

Hill coefficient γ 1 1  
CYP3A4 induction    
Emax 6.4 6.5 1.5
CV (%) 18.6 18.6 30
MIA (pmol/mg microsomal protein) 1477.7 1477.7 376.7
EC50 (µM) 3.9 3.9  
CV (%) 52.5 52.5  
fu inc 1 0.06  
γ 1 1  

Appendix Table 3. Comparison of reported and simulated naloxegol PK parameters 
with and without coadministration of efavirenz

Reported simulation results in [12] Applicant's Simulated values

Nax-only Nax + EFV 

 AUC ratio 
(with/without 
EFV)

Nax-
only

Nax + 
EFV 

 AUC ratio 
(with/without EFV)

Cmax (ng/mL) 26.2 13.5 0.51 26.8 14.3 0.53
AUC(ng·hr/mL) 130 63.8 0.49 112 57.4 0.51

Naloxegol (Nax) PK parameters were simulated following 25 mg naloxegol alone (s.d.) and with 
co-administration of efavirenz 400 mg q.d. For 14 days
(Data source: PBPK model report table 10 and 15 [1])  

4.3 TQT Study Review

Please refer to thorough QT study review by the QT-IRT team in DARRTs signed 06/06/2016.
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