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ABSTRACT
Background: In recent years, there has been an increased in-
terest in using a multimodal approach with combined agents to
treat postoperative nausea and vomiting. This study evaluated
whether the addition of an oral dose of the neurokinin-1 recep-
tor antagonist casopitant improved the antiemetic efficacy of an
intravenous dose of ondansetron hydrochloride.
Methods: The authors enrolled 702 premenopausal or peri-
menopausal, nonsmoking, female patients aged 18–55 yr
with a history of postoperative nausea and vomiting and/or
motion sickness undergoing a laparoscopic or laparotomic

gynecologic surgical procedure or laparoscopic cholecystec-
tomy with general anesthesia. Subjects were randomized to
one of five treatment arms: standard ondansetron 4 mg with
casopitant at 0, 50, 100, or 150 mg, or 0 mg ondansetron
with casopitant at 150 mg (the latter arm was considered an
exploratory study group and was included in the safety anal-
ysis but not in the efficacy analysis).
Results: A significantly greater proportion of patients in all
of the active casopitant plus ondansetron groups achieved a
complete response (i.e., no vomiting, retching, rescue medi-
cation, or premature withdrawal) during the first 24 h post-
operatively versus those in the ondansetron-alone group (59–
62% vs. 40%, respectively; P � 0.0006). All active doses
seemed to be well tolerated; headache, dizziness, and consti-
pation were the most frequently reported adverse events.
Conclusions: Compared with ondansetron alone, the ca-
sopitant and ondansetron combination results in superior
emesis prevention during the first 24 h postoperatively in
female patients with known risk factors for postoperative
nausea and vomiting.
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What We Already Know about This Topic

❖ Combination drug therapy can further reduce postoperative
nausea and vomiting compared with single-agent treatment

What This Article Tells Us That Is New

❖ Combining ondansetron with a neurokinin-1 receptor antag-
onist (casopitant) increased the proportion of patients with no
vomiting, retching, rescue medication, or premature with-
drawal than ondansetron alone

� This article is featured in “This Month in Anesthesiology.”
Please see this issue of ANESTHESIOLOGY, page 9A.
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POSTOPERATIVE nausea and vomiting (PONV) re-
mains the most frequently reported patient complaint

after anesthesia,1,2 and for patients, it is a greater concern
than postoperative pain.3 PONV occurs in approximately
20–30% of patients undergoing surgical procedures4,5 and
can lead to postsurgical complications such as fluid and elec-
trolyte imbalances, surgical wound dehiscence, and aspira-
tion of vomitus. PONV also delays discharge from the post-
anesthesia care unit or requires an unanticipated admission
to the hospital.6,7 In patients undergoing laparoscopic cho-
lecystectomy, the incidence of PONV ranges up to 72% in
those who have not been given prophylactic treatment for
preventing PONV.8,9 Risk-stratification analyses10–12 have
identified four factors for predicting an increased risk for
PONV: female sex, a history of motion sickness or PONV,
nonsmoking status, and the use of postoperative opioids.
Each of these is an independent risk factor, and the chance of
experiencing PONV is proportional to the number of these
risk factors. For these high-risk patients, PONV may occur
in up to 70–80% of cases.11,13

Although considerable research has been performed in the
treatment of PONV, there is still a need to improve on ex-
isting therapies. Monotherapy may reduce the incidence of
PONV by only approximately 30%.14 In recent years, there
has been an increased interest in using a multimodal ap-
proach with combined agents to treat PONV because mul-
tiple receptors seem to be involved in the etiology of PONV.4

One novel class of agents showing promise for the treatment
of PONV are neurokinin (NK)-1 receptor antagonists,
which may have utility in improving response rates over
those achieved with existing PONV therapies.15,16

The oral NK-1 receptor antagonist casopitant (GW679769)
has been shown to be active in the recognized ferret model of
nausea and vomiting.17 Therefore, we designed this phase II
study (NKT102260) to evaluate the safety, efficacy, and
pharmacokinetics of casopitant administered with intrave-
nous ondansetron hydrochloride for the prevention of
PONV in female patients undergoing surgical procedures
associated with high emetogenic risk. The primary objective
was to determine the optimal single dose of oral casopitant
for the prevention of emesis during the first 24 h after emer-
gence from anesthesia.

Materials and Methods

Patient Population
In this multicenter, randomized, double-blind, placebo-con-
trolled, add-on dose-ranging phase II study, we enrolled pre-
menopausal or perimenopausal, nonsmoking, female patients
aged 18–55 yr with a history of PONV and/or motion sickness
undergoing a laparoscopic or laparotomic gynecologic surgical
procedure or laparoscopic cholecystectomy with general anes-
thesia. The institutional review board and ethics committee at
each institution (University Health Network Research Ethics
Board, Toronto, Ontario, Canada, and the Western Institu-
tional Review Board, Olympia, Washington) approved the pro-

tocol, and a written informed consent was obtained from the
patients.

Study Design
Patients were randomly assigned to one of five treatment
arms. Four groups received 4 mg ondansetron with oral ca-
sopitant at 0, 50, 100, or 150 mg, and an additional explor-
atory study group received 0 mg ondansetron (intravenous
placebo) with 150 mg casopitant. The exploratory study
group was included in the safety analysis but not in the pri-
mary efficacy analysis. The results for the exploratory arm are
presented in the interest of complete disclosure of study find-
ings and should be interpreted accordingly. Investigational
antiemetic drugs were administered before induction of an-
esthetics on the day of surgery. Casopitant (or a matching
placebo in the ondansetron-alone group) was administered
60 min before induction of anesthesia. Ondansetron was
administered intravenously (� 2–5 min) immediately before
induction of anesthesia. The first dose of rescue antiemetic
medication could be administered when medically indicated,
if three emetic episodes occurred within a 15-min period, at
physician discretion, or at any time on the subject’s request.

All patients in the study were required to receive general
endotracheal anesthesia. Induction was accomplished with
propofol, and anesthesia was maintained with sevoflurane or
desflurane. Nitrous oxide (maximum 30%) was allowed but not
required. All patients were premedicated with midazolam or
temazepam. Neuromuscular blockade was initiated and main-
tained with either depolarizing or nondepolarizing agents.
Neostigmine (� 0.07 mg/kg) and glycopyrrolate (� 0.02 mg/
kg) were used for reversal. Intraoperative analgesia was accom-
plished with fentanyl, remifentanil, or morphine. Intraoperative
ketorolac was allowed but not required 15–30 min before the
end of surgery. Postoperatively, the analgesic regimen was left to
the discretion of the investigator. Patient-controlled analgesia
and analgesic adjuncts, such as nonsteroidal antiinflammatory
drugs and pregabalin, were allowed.

The primary objective of our study was to determine the
optimal dose of casopitant when administered in combination
with intravenous ondansetron for the prevention of emesis (de-
fined as vomiting or retching), by assessing the number of pa-
tients who achieved a complete response (defined as no vomit-
ing, retching, rescue therapy, or premature withdrawal) during
the first 24 h after the emergence from anesthesia.

Secondary efficacy endpoints included (1) the number of
patients who achieved a complete response during each sub-
sequent 24-h evaluation period (up to 120 h); (2) the extent
of nausea experienced by patients during the 2-, 6-, and 24-h
evaluation periods, as assessed by an 11-point, linear, numer-
ical rating scale that was referred to as a Likert scale; (3) the
extent of nausea experienced by patients daily at each subse-
quent 24-h evaluation period (up to 120 h), as assessed by a
discrete Likert scale; (4) time to first emetic event; (5) time to
rescue medication; (6) the number of patients who experi-
enced vomiting during each 24-h evaluation period (up to
120 h); (7) the number of patients who experienced com-
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plete protection (defined as complete response with maxi-
mum nausea � 3 on the Likert scale) during each 24-h
evaluation period (up to 120 h); (8) the number of patients
who experienced total control (defined as no vomiting,
retching, rescue therapy, and premature withdrawal and a
maximum nausea � 1 on the Likert scale) during each 24-h
evaluation period (up to 120 h); (9) the safety of casopitant at
various dose levels when administered in combination with
intravenous ondansetron and with placebo; and (10) time to
awakening and time to readiness for discharge. The pharma-
cokinetic and pharmacodynamic analyses have been pre-
sented elsewhere.18

Evaluation of Study Endpoints
All statistical reporting was performed using SAS Version
9.1.3 (SAS Institute Inc., Cary, NC). The sample size for the
study was calculated for a Cochran–Armitage linear trend
test to detect a monotonic dose response, with a 2-sided
type-1 error of 5%, 90% power, a 20% point difference
between the lowest and highest doses, and an assumed 12%
nonevaluable rate. The intent-to-treat statistical model was
used to analyze response data. The intent-to-treat group in-
cluded all patients who were randomized for treatment.
Therefore, premature withdrawal from the study was consid-
ered treatment failure for the purposes of our analysis.

The exploratory 150 mg casopitant-alone treatment arm
was not included in primary or secondary efficacy analyses.
Efficacy information pertaining to emesis, assessments of
nausea, and subject satisfaction was collected at least every
24 h until the end of the 120-h assessment period, using a
subject diary. All patients were followed up for safety at least
every 24 h until 120 h after emergence from anesthesia.

For the primary efficacy endpoint, the Cochran–Armit-
age trend test was performed to determine a monotonic dose
increase from 0 to 150 mg (excluding the 150 mg–alone
dose). To maintain the family-wise error rate at 0.05, the test
was performed using the no statistical significance of trend
procedure presented by Tukey et al.19 Using the procedure,
once the overall trend was determined to be statistically sig-
nificant, ordinal contrasts were performed, deleting the high-
est dose, until the significance was no longer retained. The
SAS MULTTEST procedure was used to fit the ordinal con-
trasts. In the event of a statistically significant result (P �
0.05) being observed for the primary endpoint, our study was
designed to further provide P values for each active dose
compared with the placebo in all time periods for the follow-
ing endpoints: complete protection, total control, vomiting,
significant nausea (maximum scores � 3 on the Likert scale),
and nausea (maximum scores � 1 on the Likert scale).

Time-to-event endpoints (time to first emetic event and
time to first rescue medication) were summarized using
Kaplan–Meier curves. Time-to-event data were summarized
using quartiles (25th percentile, median, and 75th percen-
tile) and the associated 95% CIs. Log-rank P values, which
compare each treatment arm with placebo, were reported. If
no event occurred at the end of the 120-h time period, the

observation was censored for the purpose of this analysis.
Time to awakening and time to readiness for discharge were
summarized descriptively using the mean and SD.

Results

Study Population
Fifty-three centers in six countries participated in this study; 702
patients were enrolled. As per the design, all patients were
women, with a mean age of 38.9 yr (range, 18–56 yr). Demo-
graphic characteristics, including major risk factors for PONV,
were well balanced among the treatment groups (table 1).

Approximately 90% of the patients completed the study
(i.e., completed all required assessments for the 24 h after the
emergence from anesthesia on postoperative day 1) (table 2).
The most frequent reasons for premature withdrawal were
surgery being canceled or delayed, errors in randomization or
dosing, and subject’s decision to withdraw. Adverse events
(AEs) leading to withdrawal from the study were reported in
one subject in the 100 mg casopitant plus 4 mg ondansetron
arm (amnesia) and two subjects in the 150-mg casopitant-
alone arm (nerve compression and anaphylactic shock).
None of these AEs was considered to be related to the study
drug by the investigators.

Efficacy
Primary Endpoint. A significantly greater proportion of sub-
jects in all of the active casopitant plus 4 mg ondansetron
treatment groups achieved a complete response during the 24-h
assessment period (59–62%) compared with those in the on-
dansetron-alone group (40%; fig. 1). A monotonically increas-
ing dose response was observed (P � 0.0006); however, because
each ordinal contrast was statistically significant, no minimally
effective dose was established. All dose levels seemed to be effec-
tive. Thus, the lowest dose administered was effective with a
significantly greater complete response rate compared with on-
dansetron alone (59.3 vs. 40.0%, respectively). In patients
treated with casopitant alone (not included in the efficacy anal-
ysis), 71 of 142 patients (50%) achieved a complete response
during the 24-h assessment period.
Secondary Endpoints. Compared with patients receiving 4
mg ondansetron alone, a significantly greater proportion of
patients receiving casopitant plus ondansetron achieved a
complete response during all assessment periods up to the
120-h postoperative time point. In general, the proportion of
patients achieving a complete response during the 120-h
postoperative period and the relative differences compared
with ondansetron alone (36.4% for ondansetron alone) were
similar to those observed for the first 24-h assessment period.
In patients treated with casopitant alone, 62 of 142 patients
(43.7%) achieved a complete response during all assessment
periods up to the 120-h postoperative time point.

Significantly fewer patients in the casopitant plus ondan-
setron treatment groups experienced vomiting during the
24-h postoperative assessment period (4.3–9.3%) versus
those in the ondansetron-alone group (28.6%; fig. 2). Simi-

balt6/z7i-anesth/z7i-anesth/z7i00710/z7i7747-10a wasifk S�10 6/2/10 2:56 Art: ALN201185 Input-mn

PERIOPERATIVE MEDICINE

T1

T2

F1

F2

76 Anesthesiology, V 113 • No 1 • July 2010 Singla et al.



lar results were also observed during the entire 120-h post-
operative assessment period; all three casopitant plus ondan-
setron treatment groups achieved a statistically significant
reduction in the proportion of patients experiencing vomit-
ing compared with the ondansetron-alone group. In patients
treated with casopitant alone, 10 of 142 patients (7.0%) experi-
enced vomiting during the 24-h assessment period, and 14 of 142
patients (9.9%)experiencedvomitingduringall assessmentperiods
up to the 120-h postoperative time point.

There were no statistically significant differences in the pro-
portion of patients who experienced nausea between the active
casopitant treatment groups and the ondansetron-alone group
during the 0- to 24-h assessment period or any of the subsequent
assessment periods (fig. 3). However, nausea tended to be more
severe in the ondansetron-alone group than in the groups receiv-
ing casopitant in combination with ondansetron in the 0- to
24-h assessment period, with a majority of patients in the former
arm having a nausea severity of more than or equal to 6 (fig. 4).

Table 1. Demographic Characteristics of Study Participants

0 mg CAS �
4 mg OND

50 mg CAS �
4 mg OND

100 mg
CAS � 4
mg OND

150 mg
CAS � 4
mg OND

150 mg CAS* �
Placebo

OND Total

Variable n � 140 n � 140 n � 140 n � 140 n � 142 N � 702
Age, yr n � 130 n � 135 n � 134 n � 131 n � 132 N � 662

Mean 39.3 38.1 39.5 39.3 38.5 38.9
SD 8.15 8.24 8.58 7.84 8.33 8.23

Sex (women) 140 (100%) 140 (100%) 140 (100%) 140 (100%) 142 (100%) 702 (100%)
Race n � 124 n � 121 n � 129 n � 124 n � 129 N � 627

African American/
African heritage, n (%)

13 (9) 17 (12) 17 (12) 17 (12) 21 (15) 85 (12)

American Indian or
Alaska native, n (%)

0 2 (1) 3 (2) 2 (1) 2 (1) 9 (1)

Asian, n (%) 8 (6) 5 (4) 6 (4) 9 (6) 9 (6) 37 (5)
White, n (%) 103 (74) 97 (69) 103 (74) 96 (69) 97 (68) 496 (71)

Height, cm n � 132 n � 135 n � 137 n � 132 n � 133 N � 669
Mean 164.0 162.7 162.9 163.2 163.4 163.3
SD 7.81 7.34 7.38 7.49 7.49 7.49

Weight, kg n � 132 n � 135 n � 138 n � 132 n � 133 N � 670
Mean 75.1 75.1 73.8 74.6 74.5 74.6
SD 18.27 17.32 19.66 17.40 17.84 18.08

Risk factor n � 140 n � 140 n � 140 n � 140 n � 142 N � 702
History of PONV, n (%)

Yes 73 (52) 76 (54) 81 (58) 75 (54) 83 (58) 388 (55)
No 63 (45) 61 (44) 57 (41) 59 (42) 52 (37) 292 (42)
Missing 4 (3) 3 (2) 2 (1) 6 (4) 7 (5) 22 (3)

History of motion
sickness, n (%)

Yes 107 (76) 100 (71) 101 (72) 96 (69) 95 (67) 499 (71)
No 29 (21) 37 (26) 37 (26) 38 (27) 40 (28) 181 (26)
Missing 4 (3) 3 (2) 2 (1) 6 (4) 7 (5) 22 (3)

History of tobacco
use, n (%)

Yes 27 (19) 17 (12) 26 (19) 28 (20) 23 (16) 121 (17)
No 110 (79) 120 (86) 112 (80) 106 (76) 111 (78) 559 (80)
Missing 3 (2) 3 (2) 2 (1) 6 (4) 8 (6) 22 (3)

Parameter n � 140 n � 140 n � 140 n � 140 n � 142 N � 702
Any surgical procedure,

n (%)
130 (93) 135 (96) 132 (94) 130 (93) 131 (92) 658 (94)

Laparoscopic/laparotomic
gynecologic
procedure, n (%)

107 (76) 113 (81) 109 (78) 107 (76) 108 (76) 544 (77)

Laparoscopic cholecyst-
ectomy, n (%)

23 (16) 21 (15) 23 (16) 22 (16) 23 (16) 112 (16)

Missing, n (%) 0 1 (� 1) 0 1 (� 1) 0 2 (� 1)
Duration of surgery, min n � 129 n � 135 n � 131 n � 129 n � 130 —

Mean 77.2 77.0 80.5 77.8 79.1 —
SD 43.28 49.87 47.92 43.74 51.76 —

* Exploratory arm, not included in primary efficacy analysis.
CAS � casopitant; OND � ondansetron; PONV � postoperative nausea and vomiting.
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This discrepancy was not statistically significant and was not
observed during the later intervals (24–48 h and 48–72 h), in
which most patients had nausea at level 2 or lower irrespective of
treatment arm. A total of 103 of 142 patients (72.5%) taking
150 mg casopitant alone experienced nausea in the 24-h assess-
ment period (fig. 3); as with ondansetron alone, the majority of
patients (58.5%) taking casopitant alone had a nausea severity of
more than or equal to 6 (fig. 4) during the 24-h assessment
period.

No statistically significant differences were noted between
the treatment groups in the proportion of patients who achieved
complete protection or total control during any assessment pe-
riod. All three casopitant plus ondansetron treatment groups
increased the time to the first emetic event and first rescue med-
ication compared with the 4 mg ondansetron-alone group (figs.
5A and B). The mean and median times to awakening and
readiness for discharge were similar across groups.

Safety
Approximately half the patients (52%) in the ondansetron-
alone group and the active casopitant treatment groups (46–
52%) experienced at least one AE (table 3). Headache was
the only AE occurring in more than 10% of the patients in
any treatment group and was the only severe AE reported in
more than 1 patient in any treatment group. The majority of
AEs were considered to be mild or moderate in intensity. No
important differences were noted across the treatment
groups, with the possible exception of abnormalities in liver
function tests, which occurred in 6% of patients receiving
150 mg casopitant plus ondansetron but in only 2–3% of
patients across the other four treatment groups (table 3).

The incidence of drug-related AEs was comparable across
the five treatment groups, ranging from 9% in the 100 mg
casopitant plus ondansetron group to 18% in the 150 mg
casopitant plus ondansetron group, and 15% in the ondan-
setron-alone and casopitant-alone groups. Headache was the
most frequently reported drug-related AE, occurring in 9%

Table 2. Reasons for Study Withdrawal

0 mg CAS �
4 mg OND

50 mg CAS �
4 mg OND

100 mg CAS �
4 mg OND

150 mg CAS �
4 mg OND

150 mg CAS* �
Placebo OND

Completion status n � 140 n � 140 n � 140 n � 140 n � 142
Completed, n (%) 129 (92) 135 (96) 130 (93) 128 (91) 126 (89)
Prematurely withdrawn, n (%) 11 (8) 5 (4) 10 (7) 12 (9) 16 (11)
Primary reason for withdrawal,

n (%)
Adverse event 0 0 1 (� 1) 0 2 (1)
Protocol violation 0 0 2 (1) 0 2 (1)
Subject decided to withdraw 1 (� 1) 2 (1) 3 (2) 4 (3) 4 (3)
Sponsor terminated study 0 0 0 0 1 (� 1)†
Other 10 (7) 3 (2) 4 (3) 8 (6) 7 (5)

* Exploratory arm, not included in primary efficacy analysis. † Sponsor terminated study because of completion of planned enrollment
after patient had been screened.
CAS � casopitant; OND � ondansetron.

Fig. 1. Summary of complete response. Values shown rep-
resent n (%) achieving a complete response (no vomiting,
retching, rescue medication, or premature withdrawal). * Or-
dinal contrast P values: ordinal contrast tests if the highest
dose, the next highest dose, and so on are different from
ondansetron alone, in a hierarchical fashion. † P value deter-
mined using Cochran–Armitage trend test. CAS � casopi-
tant; OND � ondansetron.

Fig. 2. Patients experiencing vomiting. * Ordinal contrast P
values: ordinal contrast tests if the highest dose, the next high-
est dose, and so on are different from ondansetron alone, in a
hierarchical fashion. † P value determined using Cochran-
Armitage trend test. CAS � casopitant; OND � ondansetron.
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of the patients in the 4 mg ondansetron-alone group and in
3–6% of the patients in the casopitant-treatment groups.

A total of 31 patients experienced at least one nonfatal
serious AE (SAE) during the study. The proportion of pa-
tients with an SAE was similar across treatment groups. Of
these SAEs, five reported by four patients were considered
drug related: hemorrhage, dyspnea and pulmonary edema,
hemorrhagic shock, and hyperglycemia. There were no fatal
SAEs during the study.

Discussion
Because multiple receptors may be involved in the etiology of
PONV,4 prophylaxis against PONV, especially in high-risk
populations, may be better achieved by using a combination
of antiemetic agents that act on the different neurotransmit-
ter receptors involved in the emetic pathway.20–22 In our
study, a significantly greater proportion of patients in all of
the active casopitant plus ondansetron groups achieved a
complete response of no vomiting, retching, rescue medica-
tion, or premature withdrawal during the first 24 h postop-
eratively compared with those in the ondansetron-alone
group (59–62% vs. 40%).

Casopitant is an NK-1 receptor antagonist developed for the
prevention and treatment of PONV. The oral doses of casopi-
tant used in the current study were based on unpublished NK-1
receptor occupancy data generated in a phase I positron emis-
sion tomography study in healthy subjects. An oral dose range of
50–150 mg was predicted to result in a 70 to more than 95%
NK-1 receptor blockade in the striatal region of the brain at 24 h
after a single dose of casopitant. Receptor occupancy in the
striatal region is a surrogate for the nucleus tractus solitarius
region of the brainstem—the presumed site of action—because
the brainstem cannot be imaged quantitatively by positron
emission tomography. Although the relationship between
NK-1 receptor blockade in the striatum and prevention of
PONV has not been established, studies with NK-1 receptor
antagonists in the chemotherapy-induced vomiting setting sug-
gest that a 24-h trough level of more than or equal to 95% NK-1
receptor blockade in the striatum is a reasonable surrogate for
the prevention of nausea and vomiting via this centrally medi-
ated mechanism.23 These data have been correlated with clinical

96 (68.6%)

Fig. 3. Patients experiencing nausea. * P value determined
using Cochran–Armitage trend test. CAS � casopitant; OND �
ondansetron.

Fig. 4. Proportion of patients by nausea level (0–24 h). CAS �
casopitant; OND � ondansetron.

A

B

Fig. 5. Kaplan–Meier curves for time from emergence from
anesthesia to (A) first emetic episode and (B) first rescue
medication.
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efficacy in randomized clinical trials for aprepitant,24,25 the first
NK-1 receptor antagonist approved for the prevention of che-
motherapy-induced nausea and vomiting.

There are some limitations to the design of the current
study, including the lack of a placebo arm in which no anti-
emetic medication was administered. Nausea and vomiting
are highly likely to occur in patients with two or more risk
factors, as in our population. Therefore, perioperative anti-
emetic prophylaxis is the standard of care in this population,
and all subjects in the study did receive active preventative
antiemetic care. In addition, although the baseline incidence
of PONV is fairly well characterized based on type of surgery
and other risk factors, we do not know the actual baseline
incidence of PONV in our study population.

In our analysis, the primary endpoint of complete response
was achieved in a significantly greater percentage of patients in
all casopitant plus ondansetron treatment groups versus the on-
dansetron-alone (control) group during the first 24 h postoper-
atively (P � 0.0006). Complete response was also achieved dur-
ing the entire 120-h postsurgery period (54–57% in the
casopitant plus ondansetron groups vs. 36% in the ondanse-
tron-alone group; P � 0.0012). A statistically significant advan-
tage for casopitant plus ondansetron versus ondansetron alone
was also observed for the outcomes of the proportion of patients
who experienced vomiting, the time to first emetic event, and
the time to first use of rescue medication. Furthermore, rescue
use was higher in the ondansetron-alone group compared with
the casopitant groups, implying that the benefits of casopitant in
the post–24-h period may be higher than that suggested by these
results.

There was no statistically significant difference between
the treatment groups in the number and percentage of pa-
tients who experienced any nausea or significant nausea.
However, a post hoc analysis of the severity of nausea over
72 h suggested that patients in the combination treatment
groups tended to have mild or moderate nausea, whereas
those in the ondansetron-alone group had a greater fre-
quency of severe nausea.

It is important to note that, across all treatment arms, a
paucity of events leading to treatment failure was observed after
the first 24-h period. Because the incidence of PONV was low
after 24 h, a positive treatment effect is difficult to detect.

Efficacy results were similar for all three doses of casopitant
(in combination with ondansetron) analyzed in this study: 50,
100, or 150 mg. We were unable to establish a minimally effec-
tive dose of casopitant. In addition, a previously reported phar-
macokinetic and pharmacodynamic evaluation showed that
complete response rate did not differ with casopitant exposure
(area under the concentration–time curve or concentration 24 h
postdose) over the dose range of 50–150 mg.18 Time-to-event
analysis showed that the casopitant exposures produced by 50-
to 150-mg doses provided adequate protection against emesis;
however, when casopitant exposure from all subjects was
ranked, subjects in the lowest quartile (25%) of exposure were at
higher risk for requiring rescue medications.18 These data sug-
gest that casopitant doses less than 50 mg may not provide
adequate protection against the need for rescue medication (i.e.,
a complete response). All casopitant doses were active and well
tolerated, and AEs were equally distributed across all treatment

Table 3. Adverse Events Reported by 3% or More of Patients in Any Treatment Group (Safety Population)

Adverse Event by
Preferred Term

0 mg CAS �
4 mg OND
(n � 130)

50 mg CAS �
4 mg OND
(n � 135)

100 mg CAS �
4 mg OND
(n � 134)

150 mg CAS �
4 mg OND
(n � 131)

150 mg CAS �
Placebo OND

(n � 132)

Any adverse event 68 (52) 62 (46) 69 (51) 68 (52) 61 (46)
Headache 16 (12) 13 (10) 10 (7) 14 (11) 11 (8)
Dizziness 8 (6) 9 (7) 12 (9) 8 (6) 4 (3)
Constipation 13 (10) 4 (3) 12 (9) 6 (5) 8 (6)
Abdominal distension 3 (2) 4 (3) 0 3 (2) 6 (5)
Hyperglycemia 2 (2) 1 (� 1) 0 5 (4) 2 (2)
Hypotension* 4 (3) 4 (3) 5 (4) 4 (3) 4 (3)
Flatulence 7 (5) 0 5 (4) 1 (� 1) 3 (2)
Pruritus 8 (6) 4 (3) 4 (3) 4 (3) 4 (3)
Insomnia 4 (3) 2 (1) 2 (1) 3 (2) 5 (4)
Procedural hypotension* 2 (2) 3 (2) 1 (� 1) 3 (2) 6 (5)
Anemia 2 (2) 2 (1) 0 2 (2) 4 (3)
Chills 2 (2) 0 1 (� 1) 4 (3) 2 (2)
LFT abnormal† 4 (3) 4 (3) 3 (2) 8 (6) 3 (2)

Episodes of nausea or vomiting that occurred during the 120-h postoperative assessment period were reported as part of the efficacy
assessment rather than as adverse events or serious adverse events, unless the severity was more than expected. Values are expressed
as n (%).
* The preferred term, “procedural hypotension,” included the verbatim terms “intraoperative hypotension” and “postoperative hypo-
tension.” † At the time of the analysis, the Medical Dictionary for Regulatory Activities included the preferred terms “ALT increased,”
“AST increased,” “hepatic enzyme increased,” “blood bilirubin increased,” and “liver function test abnormal.” To enhance clarity, these
five categories have been consolidated. Patients for whom more than 1 adverse event was reported (e.g., ALT increased and AST
increased reported as separate events) are counted once.
ALT � alanine aminotransferase; AST � aspartate aminotransferase; CAS � casopitant; LFT � liver function test; OND � ondansetron.
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groups. There were no deaths, and SAEs were reported with a
similar spread of incidence across the four treatment groups.

In conclusion, a significantly greater proportion of pa-
tients in all of the active casopitant plus ondansetron groups
achieved a complete response of no vomiting, retching, res-
cue medication, or premature withdrawal during the first
24 h postoperatively compared with those in the ondanse-
tron-alone group (59–62% vs. 40%). Because the effect of
all three doses of casopitant in combination with ondanse-
tron was similar, in terms of both tolerability and efficacy,
the most appropriate choice of dose of casopitant for future
development in combination with ondansetron would be 50
mg. This dose represents the best choice in terms of mini-
mizing patient exposure while retaining efficacy.

The authors thank the principal investigators for their contributions
to this study (see appendix).
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10. Koivuranta M, Läärä E, Snare L, Alahuhta S: A survey of post-
operative nausea and vomiting. Anaesthesia 1997; 52:443–9
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Appendix: Principal Investigators and
Participating Study Centers
Martin Allard, M.B.Ch.B. (Professor, Department of Anesthesiol-
ogy, Loma Linda University School of Medicine, Loma Linda, Cal-
ifornia); Áron Altorjay, M.D. (Professor, Department of Surgery,
Saint George University Teaching Hospital, Szekesfehervar, Hun-
gary); Steven Backman, M.D., Ph.D. (Anesthesiologist, Depart-
ment of Anesthesiology, Royal Victoria Hospital, McGill Univer-
sity Health Center, Montreal, Québec, Canada); Donald Bacon,
M.D. (Medical Director, Consultants in Pain Medicine, San Anto-
nio, Texas); Neal Badner, M.D. (Consultant, Department of An-
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esthesia, London Health Sciences Center, London, Ontario, Can-
ada); Wagdy Bagous, M.D. (Anesthesiologist, Department of
Anesthesiology, Winchester Medical Center, Winchester, Virgin-
ia); Richard Beers, M.D. (Professor, Department of Anesthesiology,
State University of New York, Upstate Medical University, Syra-
cuse, New York); Alex Bekker, M.D., Ph.D. (Professor, Depart-
ments of Anesthesiology (Admin) and Neurosurgery, New York
University Lagone Medical Center, New York, New York); Paul
Bessette, M.D. (Gynecologist-Oncologist, CHUS-Hôpital Fleuri-
mont, Sherbrooke, Québec, Canada); Casey Blitt, M.D. (Anesthe-
siologist, Department of Anesthesiology, Outcomes Research Inter-
national; Tucson, Arizona); Celine Bouchard, M.D. (Gynecologist,
Centre de Recherche du CHUL (CHUQ), Sainte-Foy, Québec,
Canada); Jeffrey Breaux, M.D. (Obstetrician and Gynecologist,
Gulf Coast Research Associates, Baton Rouge, Louisiana); Norman
Buckley, M.D. (Associate Professor and Chair, Department of An-
esthesia, Michael G. De Groote School of Medicine, McMaster
University, Hamilton, Onatrio, Canada); Paul Cook, M.D. (Urol-
ogist, Department of Urology, Memorial Hermann Hospital,
Texas Medical Center, Houston, Texas); Robert McTaggart
Cowan, M.D. (Anesthesiologist, Department of Anesthesia, Foot-
hills Medical Centre, Calgary, Alberta, Canada); Patricia Dalby,
M.D. (Clinician Investigator, Magee-Womens Research Institute,
and Assistant Professor, Anesthesiology and Critical Care Medi-
cine, University of Pittsburgh Medical Center, Pittsburgh, Penn-
sylvania); Ignace DeMeyer, M.D. (Anesthesiologist, Department of
Anesthesiology and Critical Care Medicine, Onze-Lieve-Vrouw
Ziekenhuis, Aalst, Belgium); John Edwin Dodd, Jr., M.D. (Anes-
thesiologist, Interventional Pain Management Physician, Cancer
Research Center of Jackson, Jackson, Mississippi); David Drover,
M.D. (Anesthesiologist, Department of Anesthesia, Stanford Hos-
pital and Clinics, Stanford, California); Leopold Eberhart, M.D.
(Anesthesiologist, Department of Anesthesiology and Critical Care,
Klinikum der Universitat Marburg, Marburg, Germany); Ralph
Erian, M.D. (Anesthesiologist, Synergy Research Inc., L.L.C., San
Antonio, Texas); Julian Álvarez Escudero, M.D., Ph.D. (Professor
and Department Head, Department of Anesthesiology, Hospital
Clínico de Santiago, A Coruña, Spain); Bela Gartner, M.D. (Köz-
ponti Aneszteziológiai és Intenzív Terápiás Osztály, Gyor, Hun-
gary); Jose Alvarez Gomez, M.D., Ph.D. (Anesthesiologist, Hospi-
tal Santa María del Rosell Cartagena, Murcia, Spain); Marco
Antonio Taboada Gomila, M.D. (Hospital Ruber Internacional,
Madrid, Spain); Jeffrey Grass, M.D. (Chairman, Department of
Anaesthesiology, Western Pennsylvania Hospital, Pittsburgh,
Pennsylvania); Andre Grenier, M.D. (Anesthesiologist, Depart-
ment of Anesthesia, CHUQ—L’Hôpital St François d’Assise, Que-
bec City, Québec, Canada); Admir Hadzic, M.D. (Anesthesiolo-
gist, Department of Anesthesiology, Saint Luke’s Roosevelt
Hospital Center, New York, New York); Murray Holcomb, M.D.
(Surgeon, Hutchinson Clinic, P.A., Hutchinson, Kansas); Judi
Jehle, M.D. (Obstetrician and Gynecologist, Baptist Medical Cen-
ter South, Montgomery, Alabama); Walter Jellish, M.D., Ph.D.
(Anesthesiologist, Loyola University Hospital, Maywood, Illinois);
Heinz Kerger, M.D. (Evangelisches Diakoniekrankenhaus,
Freiburg, Germany); Attila Kett, M.D. (Anesthesiologist, Saint Pe-
ter’s University Hospital, New Brunswick, New Jersey); Samia
Khalil, M.D. (Professor, Department of Anesthesiology, Memorial
Hermann Hospital, Houston, Texas); Brian Kirshon, M.D. (Ob-
stetrician and Gynecologist, The Woman’s Hospital of Texas,
Houston, Texas); Christiane Korba, M.D. (Obstetrician and Gy-
necologist, Patient First Health Care, Washington, Missouri); An-

thony Kovac, M.D. (Anesthesiologist, Department of Anesthesiol-
ogy, University of Kansas Medical Center, Kansas City, Kansas);
Ildikó Krémer, M.D. (Aneszteziológiai és Intenzív Terápiás Osz-
tály, Kistarcsa, Hungary); Reinhard Larsen, M.D. (Anesthesiolo-
gist, Department of Anesthesiology, Universitatsklinikum des Saar-
landes, Homburg/Saar, Germany); Kenneth LeDez, M.D.
(Discipline Chair, Discipline of Anesthesia, Memorial University of
Newfoundland, St. John’s, Newfoundland and Labrador, Canada);
Arthur Levine, M.D., (Anesthesiologist, Department of Anesthesi-
ology, Saddleback Valley Outpatient Surgery Center, Laguna Hills,
California); Michael Lew, M.D. (Chair, Department of Anesthesi-
ology, City of Hope National Medical Center, Duarte, California);
Mark Matsunaga, M.D. (Anesthesiologist, Saint Agnes Health-
Care, Inc., Baltimre, Maryland); Dolores McKeen, M.D. (Depart-
ment of Women’s and Obstetric Anaesthesia, IWK Health Centre,
Halifax, Nova Scotia, Canada); John Miklos, M.D. (Director, Uro-
gynecologist and Laparoscopic Surgeon, Atlanta Medical Research
Institute, Alpharetta, Georgia); Harold Minkowitz, M.D. (Anes-
thesiologist, Department of Anesthesiology, Memorial Hermann—
Memorial City Hospital, Houston, Texas); Luis Miguel Torres
Morera, M.D. (Hospital General Puerta del Mar, Cadiz, Spain); Jan
Paul Mulier, M.D., Ph.D. (Department of Anesthesia Chairman,
Anesthesiologist, AZ Sint-Jan Brugge, Brugge, Belgium); Geza
Nagy, M.D. (Központi Aneszteziológia és Intenzív Betegellátó Os-
ztály, Miskole, Hungary); Peter Pan, M.D. (Anesthesiologist, De-
partment of Anesthesiology, Forsyth Medical Center/Sara Lee Cen-
ter for Women’s Health, Winston-Salem, North Carolina); Kevin
Pitts, M.D. (Obstetrician and Gynecologist, Wenatchee Valley
Medical Center, Wenatchee, Washington); Alex Pue, M.D. (Anes-
thesiologist, Department of Anesthesiology, Sharp Mary Birch
Hospital for Women, San Diego, California); Bart Putterman,
M.D. (Obstetrician and Gynecologist, Partners in OB/GYN Care,
P.A., Houston, Texas); Scott Reeves, M.D. (Professor and Chair-
man, Department of Anesthesia, Medical University Hospital,
Charleston, South Carolina); Rolf Rossaint, M.D., Ph.D. (Depart-
ment Head, Department of Anaesthesia, Universtitatsklinikum der
RWTH Aachen, Aachen, Germany); Allan Sawyer, M.D. (Obste-
trician and Gynecologist, Hope Research Institute, L.L.C., Phoe-
nix, Arizona); Jens Scholz, M.D. (Professor, Anasthesiologie, Uni-
versitatsklinikum Schleswig—Holstein Campus, Kiel, Germany);
Malte Silomon, M.D. (Department of Anesthesiology and Critical
Care Medicine, Katholisches Klinikum Marienhof/Saint Josef
gGmbH, Kobelnz, Germany); Kurt Stockamp, M.D. (General Sur-
gery, Sacred Heart Hospital, Pensacola, Florida); Marvin Tark,
M.D. (Anesthesiologist, Interventional Pain Management, Georgia
Medical Research Institute, Marietta, Georgia); Philippe Van der
Linden, M.D., Ph.D. (Department of Cardiac Anesthesia, Hôpital
Brugmann (CHU-UVC), Brussels, Belgium); Georges Verheecke,
M.D. (Anesthesiologist, AZ Klina, Brasschaat, Belgium); Brian
Warriner, M.D. (Head, Anesthesiology, Pharmacology, and Ther-
apeutics Department, St. Paul’s Hospital and Cambie Surgery Cen-
tre, Vancouver, British Columbia, Canada); James Watson, M.D.
(Anesthesiologist, Anesthesiology Representative for the Respira-
tory Therapist Program St. Joseph’s Health Care London, London,
Ontario, Canada); Kim Whittington, M.D. (Obstetrician and Gy-
necologist, Jackson Hospital, Montgomery, Alabama); Steven
Wininger, M.D. (Adjunct Assistant Professor, Obstetrician and
Gynecologist, Arizona Wellness Center for Women, Phoenix, Ari-
zona); Howard Wittels, M.D. (Anesthesiologist, Chief of the Divi-
sion of Anesthesiology, Mount Sinai Medical Center, Miami
Beach, Florida).
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