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Summary
Rolapitant is a neurokinin-1 receptor antagonist that is approved in combinationwith other antiemetic agents in adults for the prevention of
delayed nausea and vomiting (CINV) associated with initial and repeat courses of emetogenic cancer chemotherapy, including but not
limited to highly emetogenic chemotherapy. Here, we assessed the absorption, metabolism, and excretion of 14C-labeled rolapitant in
healthy male subjects. Rolapitant was administered as a single 180-mg oral dose containing approximately 100 μCi of total radioactivity,
with plasma, urine, and fecal samples collected at defined intervals after dosing. Rolapitant had a large apparent volume of distribution,
indicating that it is widely distributed into body tissues. Rolapitant was slowly metabolized and eliminated with a mean half-life of 186 h.
Exposure to the major metabolite of rolapitant, C4-pyrrolidinyl hydroxylated rolapitant or M19, was approximately 50% of rolapitant
exposure in plasma. Renal clearance was not a significant elimination route for rolapitant-related entities. Total radioactivity recovered in
urine accounted for 14.2% of the dose, compared to 72.7% recovery in feces. Adverse events (AEs) were generally mild; there were no
serious AEs, and no clinically significant changes in laboratory or electrocardiogram parameters were observed. The combination of
rolapitant safety, its long half-life, extensive tissue distribution, and slow elimination via the hepatobiliary route (rather than renal excretion)
suggest suitability that a single dose of rolapitant may provide protection against CINV beyond the first 24 h after chemotherapy
administration.
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Introduction

Nausea and vomiting are common, undesirable consequences of
cytotoxic chemotherapy that negatively affect the quality of life of
treated patients and have the potential to disrupt receipt of effec-
tive cancer treatments [1–6]. Rolapitant is an antagonist of the
neurokinin-1 (NK-1) receptor [7], which mediates induction of
vomiting in response to substance P release from neurons that is
triggered by chemotherapy administration. This interaction occurs
during the delayed phase (occurring >24 h to up to 5 days after
chemotherapy) of chemotherapy-induced nausea and vomiting
(CINV) [8]. Notably, NK-1 receptors are also present in the gas-
trointestinal tract and may contribute to acute-phase CINV

(occurring within 1–2 h of chemotherapy and lasting for up to
24 h) [6].

Rolapitant significantly improved complete response (defined
as no emesis and no use of rescuemedication) in the delayed phase
of CINV comparedwith controls in four clinical studies (including
three randomized phase III studies [9–11] and one phase II study
[12]) of patients receiving either highly or moderately emetogenic
chemotherapy. Rolapitant was effective through multiple cycles in
the delayed phase following chemotherapy [9]. As a result,
rolapitant was approved for use in combination with other anti-
emetic agents in adults for the prevention of delayed nausea and
vomiting associated with initial and repeat courses of emetogenic
cancer chemotherapy, including but not limited to highly
emetogenic chemotherapy [13]. Current treatment guidelines rec-
ommend NK-1 receptor antagonist use in CINV prophylaxis for
highly emetogenic and select moderately emetogenic chemother-
apies [2, 14, 15]; rolapitant has an added advantage of having the
longest half-life among existing NK-1 antagonists, which may
provide sustained efficacy [16]. Rolapitant is administered as a
single 180-mg dose as part of a combination therapy within 2 h
before the initiation of each chemotherapy cycle [13].
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Regulatory agencies, including the US Food and Drug
Administration and European Medicines Agency, have
stressed the importance of studying the absorption, metabo-
lism, and excretion of drugs [17, 18] and the utility of
radiolabeled probes in these analyses [19]. In the present
study, we characterized the absorption, metabolism, and ex-
cretion of 14C-labeled rolapitant in healthy male subjects.

Materials and methods

Study design

This was a two-part, non-randomized, open-label, single-cen-
ter, single-dose study conducted in healthy male volunteers.
Six patients enrolled in each part. The objective of Part 1 was
to determine the absolute bioavailability of rolapitant; results
were previously described [20]. The objective of Part 2, which
is reported here, was to characterize the absorption, metabo-
lism, and excretion of rolapitant.

Written informed consent was obtained from all subjects
during pre-study screening procedures conducted within
21 days before the first dosing day. Upon enrollment, subjects
were confined to the study site, under appropriate medical
supervision, from Day −1 to the morning of Day 15.
Additional sampling was performed in an outpatient setting.

The protocol and supporting materials were reviewed and
approved by the Medisch Ethische Toetsings Commissie van
de Stichting Beoordeling Ethiek Bio-Medisch Onderzoek
(Assen, Netherlands). The study was conducted in accordance
with the Declaration of Helsinki (including amendments in
effect at the time the study was conducted [2008]),
Guide l ines of the In te rna t iona l Confe rence on
Harmonisation on Good Clinical Practice, as well as the re-
quirements of the Health Insurance Portability and
Accountability Act of 1996 (Public Law 104-191, 104th
Congress), privacy regulations, and other applicable regulato-
ry requirements including 21 Code of Federal Regulations
312, 50, and 56.

After an overnight fast, six subjects received a single
200-mg dose of 1 4C- ro l ap i t an t hydroch lo r ide
monohydrate (Supplemental Fig. 1) as a suspension in
0.4% hydroxypropyl methylcellulose containing approx-
imately 100 μCi of radioactivity administered orally and
followed by 240 ml of water. Each 200 mg of rolapitant
hydrochloride is equivalent to 180 mg of rolapitant free
base [16]; therefore, the dose is noted as 180 mg 14C-
rolapitant throughout the remainder of the manuscript.
Because of the long half-life of rolapitant, it was not
possible to keep subjects in confinement until >80% of
total radioactivity was recovered. Subjects were follow-
ed on a weekly basis until 6 weeks postdose for 24-h

urine and fecal collections to assure adequate total re-
covery of 14C-rolapitant.

Sample collection and analysis

Plasma, urine, and fecal samples were collected at the study
site (PRA International, Zuidlaren, Netherlands) and shipped
in dry ice to US research laboratories for analysis. Plasma
samples were stored at −80 ± 10 °C, whereas urine and feces
were stored at −20 ± 10 °C until processing.

Plasma samples were collected for metabolite profiling at
predose (0 h), and at 1, 2, 3, 6, 12, 24, 72, 96, 120, 168, and
336 h postdose. To assess area under the concentration-time
curve (AUC) of rolapitant and metabolites, aliquots of plasma
samples were pooled across all subjects (n = 6) and time
points (0–336 h) to yield a pooled sample in which the con-
centration of the parent drug and metabolites was proportional
to the AUC for 0–336 h.

Urine samples were collected at 0–12, 12–24, 24–36, 36–
48 h and in 24-h intervals up to 336 h postdose, and thereafter
on Day 23, 30, 37, and 44 from six subjects. Urine was pooled
over 0–336 h from all six subjects for drug metabolite profil-
ing. Fecal homogenates were pooled over 0–336 h from all six
subjects for drug metabolite profiling.

Plasma rolapitant concentrations were determined using a
validated liquid chromatography-tandem mass spectrometry
assay. Whole blood, plasma, urine, and feces were assayed
by liquid scintillation spectrometry for total radioactivity con-
tent. Selected plasma, urine, and feces samples were used for
profiling and identification of metabolites.

Pharmacokinetic parameters

Pharmacokinetic parameters determined in this study included
AUC from time 0 to last quantifiable concentration (AUC0–

last) and from time 0 to infinity (AUC0–inf); maximum ob-
served plasma concentration (Cmax) and time to reach Cmax

(Tmax); concentration at time of final quantifiable sample (Ctf);
apparent volume of distribution (Vd); and apparent total body
clearance (CL/F). Whole blood and plasma total radioactivity
and concentration-time data were collected for rolapitant and
its major metabolite M19 [21].

Safety

Safety was assessed based on physical examinations, adverse
events (AEs), vital signs, electrocardiograms (ECGs), and
clinical laboratory test results. Adverse events were classified
using the Medical Dictionary for Regulatory Activities, with
severity assessed using the National Cancer Institute’s
Common Toxicity Criteria, and relationship to study drug
was assessed by the investigator.
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Results

Patients

Six adult male subjects between the ages of 37 and 64 years
(mean, 55.7 years) were enrolled. All subjects were
Caucasian; median body mass index was 26.8 (range: 23.4–
28.5). All subjects completed the treatment phase and the
required study duration.

Absorption, metabolism, and excretion

After oral administration, 14C-rolapitant was rapidly absorbed
and slowly eliminated (Fig. 1). Individual peak plasma
rolapitant concentrations, ranging from 531 to 1120 ng/ml,
were observed at 2 to 6 h postdose (Tmax). Mean half-life
was 186 h, and apparent clearance was 1.74 l/h (Table 1).
Because the absolute bioavailability of orally administered
rolapitant is close to 100%, the high apparent Vd (460 l) is
representative of true Vd, indicating extensive tissue

distribution of rolapitant. Total drug-relatedmaterial in plasma
was approximately two-fold higher than that of whole blood,
suggesting a lack of substantial distribution of rolapitant and
its metabolites into red blood cells (Table 2).

The mean AUC ratio of plasma rolapitant and plasma ra-
dioactivity was 53%. This was attributed to the formation of
metabolites. Further analysis of the plasma samples for the
C4-pyrrolidinyl hydroxylated metabolite M19 indicated that
25% of the increased exposure to total plasma radioactivity
was due to the formation of M19; therefore, these results con-
firm that M19 is the major circulating metabolite of rolapitant.

Blood and/or plasma radioactivity concentrations reached
maximum values within 2.5 to 3 h postdose and were less than
the lower limit of quantitation by 528 h postdose. Mean blood/
plasma radioactivity ratios ranged from 0.28 to 0.59 over this
span. Generally, the plasma radioactivity concentration–time
profile paralleled that of blood radioactivity through 528 h
(the last measurable time point in blood). These data suggest
minimal sequestering of drug-derived radioactivity into red
blood cells.

Although desired for an absorption, metabolism, and ex-
cretion analysis, complete recovery of the radioactive dose
was not expected within the 2-week collection period because
of the long half-life of rolapitant. Interpolation of fecal and
urine samples collected up to 6 weeks postdose (rate of elim-
ination) was used to project the excreted dose over time. This
interpolation suggested that approximately 48% of the dose
would be excreted after 2 weeks postdose, and approximately
85% of the radioactive dose would have been recovered with-
in 6 weeks, representing four half-lives if samples had been
collected continuously.

Excretion of radioactivity into the urine and feces was slow.
A mean measured total of 46% (range: 25.0–64.5%) of the
radioactive dose was recovered in urine and fecal samples
collected daily 0 to 336 h postdose after single oral adminis-
tration of 14C-labeled rolapitant (Fig. 2). Total radioactivity
recovered in the urine accounted for 14.2% (range: 9.1–
20.0%) of the dose and total radioactivity recovered in the
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Fig. 1 Mean rolapitant plasma, total radioactive whole blood and plasma
rolapitant concentration-time profile following single oral administration
of 180 mg 14C-rolapitant to healthy male subjects (N = 6); inset shows
detail of measurements within the first 24 h of dosing

Table 1 Mean (CV%) rolapitant pharmacokinetic parameters following a single oral administration of 180 mg 14C-rolapitant to healthy male subjects
(N = 6)

Analysis Cmax, ng/ml Tmax,
a h AUC0–last, μg·h/ml AUC0–inf, μg·h/ml t½, h CL/F, l/h Vd/F, l

Plasma rolapitant 954 (23) 2.5 (2–6) 142 (40) 117 (14)b 186 (14)b 1.74 (15)b 460 (4)b

Plasma M19 125 (10) 252 (120–528) 62.2 (13) 66.3 (11)c 212 (13)c 3.04 (12)c 923 (4)c

Abbreviations: AUC area under the plasma concentration-time curve, AUC0–last AUC from time 0 to the time of the final quantifiable sample, AUC0–inf

AUC from time 0 to infinity, Cmax maximum observed plasma concentration, CL/F apparent total body clearance, CV coefficient of variation, t1/2 half-
life, Tmax time of Cmax, Vd apparent volume of distribution
aMedian (range)
b n = 4 (excluded patients had extrapolated AUC >25%)
c n = 3 (excluded patients had extrapolated AUC >25%)
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feces was 72.7% (range: 51.8–88.7%) of the dose at 1032 h
postdose (Table 3). These data indicate that a hepatobiliary
route rather than renal clearance is the major elimination route
for drug-related entities.

Metabolite profiling

Unchanged rolapitant was the most prominent drug-related
component in pooled plasma (0–336 h) following a single oral
dose of 180 mg 14C-rolapitant (Supplemental Fig. 2). The
monohydroxylated metabolite M19 was the major circulating
metabolite and accounted for 28.1% of the parent drug’s
exposure.

An average of 8.28% of dosed radioactivity was recovered
in 0–336 h urine collection interval, which represented 93.3%
of the total drug-derived material excreted in urine through
Day 44. M5 and M9b were the major metabolites in urine
and accounted for 1.57 and 1.64% of the dose, respectively
(Supplemental Fig. 3). No other metabolite accounted for
>1% of the dosed radioactivity.

An average of 90% of the total drug-derived metab-
olite material excreted in feces through Day 44 was
present in the pooled sample and contained 37.8% of
the total administered dose. The rolapitant parent drug
was the most prominent drug-related component in
pooled feces and accounted for 12.7% of the dose
(Supplemental Fig. 4). Major fecal metabolites included

M9b, M10c, and M13, which accounted for 4.27, 4.80,
and 3.54% of the dose, respectively.

The most prominent biotransformation pathway of
rolapitant was oxidation (Table 3 and Fig. 3). This pathway
produced the major circulating metabolite M19, which repre-
sented approximately 28.1% of the parent drug exposure (0–
336 h). Other major biotransformation pathways, besides
mono-oxygenation to form M19, included mono-oxidation
leading to the formation of M13 and multiple oxidations lead-
ing to the formation of M9b and M10c. O-dealkylation
followed by glucuronidation was observed in urine. Overall,
very few glucuronide conjugates were detected and accounted
for <3% of the dose. Rolapitant and identified metabolites
were more abundant in the feces than in the urine (37.8% vs.
8.3% of total dosed radioactivity, respectively).

Safety

Four of six (67%) subjects reported AEs: somnolence was
reported by three (50%) subjects, diarrhea and headache were
reported by two (33%) subjects each, and viral gastroenteritis
was reported by one (17%) subject. Four of these AEs (diar-
rhea and headache, n = 1 each; somnolence, n = 2) were con-
sidered to be treatment related. All events, except viral gastro-
enteritis, were mild. There were no serious AEs, and no clin-
ically significant changes in blood chemistry and hematology
parameters, vital signs, or ECGs.

Table 2 Mean (CV%)
pharmacokinetic parameters of
rolapitant drug-derived
radioactivity following a single
oral administration of 180 mg
14C-rolapitant to healthy male
subjects (N = 6)

Analyte Cmax, ng equiv base/g
a Tmax,

b h AUC0–last, μg equiv
base·h/mla

Blood 579 (23) 2.5 (2–4) 117 (52)

Plasma 998 (24) 3 (2–6) 248 (38)

Abbreviations: AUC0–last area under the plasma concentration-time curve from time 0 to the time of the final
quantifiable sample, Cmax maximum observed plasma concentration, CV coefficient of variation, Tmax time of
Cmax
a 1 g = 1 ml
bMedian (range)
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(a) and total recovery (b) of drug-
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180 mg 14C-rolapitant to healthy
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Table 3 LC-MS characterized
metabolites in pooled plasma,
feces, and urine (0–336 h)
following a single oral
administration of 180 mg 14C-
rolapitant to healthy male subjects
(N = 6)

Metabolite Retention time, min m/z, Th Δ, Th TCR, % % Dosea

Blood

M16 59.3 533 32 BITb NA

M17 59.9 515 14 BIT NA

M18 60.5 515 14 BIT NA

M19 60.5 517 16 28.1 NA

M20 61.2 515 14 BIT NA

M21 61.6 517 16 BIT NA

M22 62.0 517 16 BIT NA

M23 62.4 517 16 BIT NA

M24 64.7 517 16 BIT NA

Parent (rolapitant) 65.5 501 0 100 NA

Urine

Unknown 2.88 NA NA 8.92 0.74

M5 19.7 437 –64 19.0 1.57

M9 41.3 611 110 10.8 0.89

M9a 48.0 567 66 9.40 0.78

M9b 49.0 551 50 19.8 1.64

M10 49.9 535 34 7.47 0.62

Unknown 50.6 NA NA 6.78 0.56

M11 51.6 533 32 4.71 0.39

M12 52.8 691 190 7.60 0.63

Unknown 54.5 NA NA 5.52 0.46

M13 57.2 517 16 BIT NA

M17 61.7 515 14 BIT NA

M18 62.2 515 14 BIT NA

M19 62.5 517 16 BIT NA

M21 63.4 517 16 BIT NA

Parent (rolapitant) 67.5 501 0 BIT NA

Feces

Unknown 36.6 NA NA 0.93 0.35

Unknown 38.4 NA NA 1.62 0.61

M9 40.7 611 110 2.45 0.93

M9b 48.5 551 50 11.3 4.27

M10 49.9 535 34 6.88 2.60

M10c 51.8 549 48 12.7 4.80

M11 53.1 533 32 6.04 2.28

M11aa 53.8 547 46 3.57 1.35

M11a 54.5 533 32 2.60 0.98

M13 56.1 517 16 9.37 3.54

M14a 58.0 515 14 3.98 1.51

M19 61.6 517 16 5.05 1.91

Parent (rolapitant) 66.7 501 0 33.6 12.7

Abbreviations:BIT below the integration threshold of radiometric detector but detected bymass spectrometry, LC-
MS liquid chromatography-tandem mass spectrometry, m/zmass-to-charge ratio (measured in Thomson), NA not
applicable, TCR total chromatographic radioactivity
a Calculated as the percentage of TCR multiplied by the dose excreted in 0–336 h in each compartment (urine,
8.28%; feces, 37.8%)
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Discussion

Rolapitant is a selective NK-1 antagonist able to effectively
prevent delayed CINV [9–12]. This study showed that
rolapitant and its active metabolite are slowly metabolized
and eliminated, with a mean half-life of 186 h (>1 week).
This half-life is longer than that of other NK-1 antagonists
[16] and supports clinical data in which a single-dose regimen
prevented CINV beyond the first 24 h after chemotherapy
administration in the majority of patients [13].

The Vd observed in this study indicates that rolapitant is
widely distributed in the human body. This high Vd is desir-
able and consistent with the mechanism of target action of

rolapitant, which was demonstrated in a brain NK-1 receptor
occupancy study in healthy volunteers [20]. The high Vd per-
mits adequate brain distribution, ensuring an antagonistic in-
teraction with the target (NK-1) receptor.

Elimination of rolapitant and its metabolites predominantly
occurred via the hepatobiliary route, rather than renal clear-
ance. This characteristic is advantageous because medications
that are likely to be co-administered with rolapitant, including
cisplatin, carboplatin, methotrexate, and other chemothera-
peutic drugs, are principally eliminated renally and known to
be nephrotoxic [22–24].

Metabolic profiling results from this study were consistent
with those observed in vitro (data on file). In vitro, CYP3A4-
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mediated oxygenation, primarily the formation of an active
metabolite M19, is the major biotransformation pathway
[13]. Therefore, M19 was evaluated in a series of clinical
pharmacology studies including those assessing drug-drug in-
teractions [25, 26]. Similar to rolapitant, this predominant cir-
culating metabolite elicited a compelling drug profile, with
minimal potential for drug-drug interactions.

A single oral dose of 14C-labeled rolapitant was well-toler-
ated, consistent with the results observed with rolapitant
across clinical studies [9–12]. The combination of rolapitant
safety, its long half-life, extensive tissue distribution, and slow
elimination via the hepatobiliary route (rather than renal ex-
cretion) suggest that single-dose rolapitant administration is
suitable to prevent CINV in patients beyond the first 24 h after
chemotherapy administration.
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