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Abstract

Purpose We performed a multicenter, randomized, dou-

ble-blind trial to assess the efficacy and safety of a single,

fixed, intravenous dose of palonosetron (0.075 mg) in the

treatment of established postoperative nausea and vomiting

(PONV).

Methods Three hundred and eighty-four patients who had

at least one risk factors of PONV and underwent surgery

under general anesthesia were screened. Those who

developed PONV were randomized to receive either

0.075 mg intravenous palonosetron or a placebo. The

incidence of nausea and vomiting, severity of nausea,

requirements for rescue anti-emetics, and adverse effects at

2, 24, and 72 h after drug administration were evaluated.

Complete response (CR) and complete control (CC) rate

were compared for 24 and 72 h.

Results Among the 384 patients, 152 (39.6 %) developed

PONV and were randomized to either the palonosetron

(n = 75) or placebo (n = 77) group. The number of

patients with CR at 24 and 72 h was higher in the palo-

nosetron group than the placebo group [0–24 h: n = 49

(68.1 %) vs. n = 30 (40.5 %), p \ 0.001; 0–72 h: n = 47

(65.3 %) vs. n = 28 (37.8 %), p \ 0.001]. The incidence

of PONV at 2, 24, and 72 h periods was lower in the

palonosetron group than the placebo group (29.2, 45.8, and

50.0 % in the palonosetron group vs. 50.0, 62.2, and

66.2 % in the placebo group, p = 0.010, 0.048, 0.047,

respectively). The incidence of adverse events was not

different between the groups.

Conclusion A single 0.075 mg IV dose of palonosetron

effectively increased the CR rates at 24 and 72 h in these

moderate-risk patients with established PONV.
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Introduction

Postoperative nausea and vomiting (PONV) is a fre-

quent complication that affects approximately one-third

of all patients receiving general anesthesia, and can lead

to subject discomfort and dissatisfaction as well as

considerable medical and economic consequences [1–3].

The incidence of PONV was reported to be as high as

80 % in high-risk populations, and the incidence of

postdischarge nausea and vomiting after outpatient

surgery was also reported to be greater than 30 % [4].

Prevention and treatment of PONV is reported to be a

key concern for patients undergoing general anesthesia

[5].

Palonosetron, a second-generation 5-hydroxytryptamine

3 receptor antagonist (5-HT3 RA), has a different mech-

anism from previous drugs in this family. Palonosetron

exhibits high potency and persistent effects [6–8]. The

half-life of palonosetron is 40 h, compared with 3.5–5.5 h

of ondansetron and 4.9–7.7 h of granisetron [9]. Palo-

nosetron is thought to be clinically superior to other

5-HT3 RAs such as ondansetron and dolasetron [10, 11],

due to its unique mechanism of allosteric binding [12],

which is different from standard 5-HT3 RAs. The receptor

binding affinity of palonosetron is 30 times higher than

granisetron, and 100 times higher than ondansetron [13,

14]. Palonosetron acts on substance P receptor, which is

involved in delayed nausea and vomiting, whereas other

5-HT3 RAs do not have an activity on substance

P receptor [15].

Although there are many previously published clini-

cal evidences of efficacy of 5-HT3 RAs including pal-

onosetron on the prevention of PONV [10, 16–24], we

could not find a study evaluating the efficacy of palo-

nosetron on the treatment of established PONV symp-

toms. To our knowledge, very few studies have been

performed to evaluate the therapeutic efficacy of 5-HT3

RAs as a treatment in subjects who develop PONV in

the post-anesthesia care unit (PACU) [25–28]. Further-

more, the therapeutic efficacy of 5-HT3 RAs as a rescue

medication has been evaluated only during acute phase

(up to 24 h) [29]. Since the management of postdis-

charge nausea and vomiting is important for patients to

resume their normal daily activities [3, 4], proper

evaluation of therapeutic efficacy in delayed phase is

necessary.

Therefore, we performed a randomized, double-blind,

multi-center trial to evaluate the therapeutic efficacy and

safety of a single, fixed, intravenous dose of palonosetron

(0.075 mg) in the treatment of established PONV follow-

ing surgery under general anesthesia. We evaluated the

therapeutic efficacy during 72 h after study drug

administration.

Methods

After obtaining institutional review board (IRB) approval

and written informed consent, we enrolled patients at four

major university hospitals in South Korea. The present

study was registered at www.clinicaltrials.gov (protocol ID

NCT01568268). We enrolled adult patients with American

society of anesthesiologists physical status classification I

to II who were scheduled to undergo surgery under general

anesthesia that was expected to last at least 30 min. The

surgical procedure included predominantly gynecologic

surgery, such as hysterectomy, myomectomy, ovarian

cystectomy, salpingo-oopherectomy and other surgeries

such as tympanoplasty, mastoidectomy, breast, or thyroid

surgery.

We enrolled those who had at least one of the following

risk factors for PONV [30]: history of PONV or motion

sickness, and expected to use opioid analgesics intraoper-

atively. We excluded patients who had any of the follow-

ing: a known hypersensitivity/contraindication to 5-HT3

antagonists or study drug excipient; patients who were

unable to understand the study procedures as determined

by the investigators; women who were pregnant, breast-

feeding, or planning to become pregnant, were not using

effective birth control, or had a positive serum pregnancy

test within 7 days prior to surgery; subjects who had

received any investigational drug within 30 days before

study enrollment, subjects who had taken any drug with

potential anti-emetic efficacy within 24 h prior to anes-

thetic procedures; patients with known or suspected current

history of alcohol abuse or drug abuse.

The anesthetic technique were controlled in all four

institutions that participated in this study. Premedication

was not administered. General anesthesia was induced

using 5 mg/kg pentothal sodium, 0.5–1 lg/kg fentanyl and

0.8 mg/kg rocuronium. Anesthesia was maintained with

1.2–2.4 % (vol) isoflurane (end-tidal concentration) in

50 % nitrous oxide/oxygen [31, 32]. Nitrous oxide was not

used in patients undergoing tympanoplasty or mastoidec-

tomy. Ventilator setting was adjusted to keep end-tidal CO2

at 35–45 mmHg throughout the surgery. Rocuronium was

administered to maintain neuromuscular blockade. During

the postoperative study period, patients were asked to

report their level of pain verbally, using numerical rating

scale (NRS, 0 = none, 10 = most severe). An IV bolus

dose of ketorolac (30 mg, repeated if needed) was

administered to the patients with NRS C 2. We did not

give any medication to prevent nausea and vomiting or

with anti-emetic properties during the 24 h before anes-

thesia induction and study period.

We assessed the patients for study eligibility one day

before surgery and performed a follow-up evaluation when

the patients woke up and were able to respond to verbal
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commands postoperatively. Screening test included elec-

trocardiography, blood sample analysis, urinalysis and

urine b-hCG test. Blood analysis included complete blood

cell count with differential count, blood chemistry, and

electrolytes. The written informed consent was provided

before screening tests were undertaken and before they

developed PONV.

Subjects experiencing nausea with NRS C 4, or who

developed retching or vomiting more than one time within

two hours after the end of surgery at PACU were ran-

domized to administration of 0.075 mg palonosetron

intravenous injection or a placebo drug in 1:1 allocation

ratio, using computer-generated random-number codes. To

achieve a homogenous risk of PONV in each study group,

stratified randomization was used according to gender,

history of PONV or motion sickness. We used a dynamic

adaptive stratification to balance the treatment group across

the entire study. The hospital pharmacy independent of this

study prepared the study drug according to this randomi-

zation code and confirmed that palonosetron was indistin-

guishable from its placebo. All study personnel, outcome

assessor, care-provider and participants were blinded to

group assignment during the study.

A single intravenous 0.075 mg of palonosetron (Aloxi�,

Helsinn/CJ pharmaceutical) or placebo injectable volume

of 1.5 ml was administered as IV by randomization code. If

subjects still experienced nausea with NRS C 4 or devel-

oped retching or vomiting after 30 min after study drug

administration, they were given rescue anti-emetic medi-

cation at the investigator’s discretion. The rescue anti-

emetic used was IV metoclopramide (20 mg) or ondanse-

tron (4 mg), and the use of rescue anti-emetic was

recorded.

Patients or investigator (anesthesiologist) blinded to

group allocation evaluated the following items 0, 0.5, 1, 2,

24, 48 and 72 h post-dose: incidence of nausea, retching

and vomiting [33]; severity of nausea; need for additional

anti-emetics; complete response (CR) rate; complete con-

trol (CC) rate; and quality of life (QoL) score measured by

Osoba Nausea and Emesis module [34]. If the patient was

discharged before 72 h, patients reported these outcomes in

their provided diary cards. We evaluated the severity of

nausea with a 10-point scale (NRS). CR was defined as no

retching or vomiting and no administration of secondary

rescue drug, and CC was defined as no nausea with

NRS C 4, in addition to complete response. Incidences of

all adverse events were measured to evaluate the safety of

palonosetron.

The primary outcome was CR rate at 24 h. We

hypothesized that the CR rate at 24 h after study drug

administration would be higher in the palonosetron group

than in the placebo group. The sample size was calculated

based on an assumed CR rate difference of 24 % point

between two groups. Baseline CR rate was expected to be

50 % in the control group. For a two-tailed test with a

power of 0.8 difference and a type I error of 0.05, the

sample size was determined to be 60 evaluable subjects per

group. Allowing for a 20 % dropout rate, 75 patients per

group was ultimately determined. A total of 150 patients

who developed PONV were included in this study.

Data values are expressed as mean (SD), median (IQR)

or number (%). SAS software (version 9.2, SAS Inc., Cary,

NC, USA) was used for statistical analysis. The Shapiro–

Wilk test was used to test the normality of the distribution

of data. CR and CC rate were compared by Chi square test.

The comparison of continuous variables between groups

was performed with unpaired t test or the Mann–Whitney

test. The comparison of incidence variables between

groups was performed with the v2 test or Fisher’s exact

test. Multiple comparisons of variables over time were

adjusted by Bonferroni correction. The total score of the

modified Osoba module questionnaire items was analyzed

by the v2 test.

Results

A total of 384 patients were screened and 152 (39.6 %)

among them were enrolled in this study in two treatment

groups between January 2012 and June 2012. Six patients

were withdrawn after randomization (Fig. 1). The efficacy

analysis population was conducted on 72 patients receiving

palonosetron and 74 receiving placebo, and all patients

received originally assigned intervention. The time

sequence of measurements is shown in Fig. 2.

Patient characteristics, including history of PONV or

motion sickness, time and type of surgery and anesthesia,

were similar for both groups (Table 1). The number of

patients reaching CR at 24 and 72 h was significantly

different in favor of the palonosetron group at 24 h:

n = 49, 68.1 % vs. n = 30, 40.5 % in the placebo group,

p \ 0.001; and at 72 h: n = 47, 65.3 % in the palonose-

tron group vs. n = 28, 37.8 % in the placebo group,

p \ 0.001 (Fig. 3). The number of patients reaching CC

rates at 24 and 72 h was not different between groups

(p = 0.127, p = 0.168, respectively, Fig. 3). Overall

PONV incidence and incidences of emesis at 2, 24 and

72 h after administration of the study drug were signifi-

cantly lower in the palonosetron group than the placebo

group (Table 2). Although incidence of nausea did not

differ significantly between groups (Table 2), severity of

nausea using NRS was significantly lower in the palo-

nosetron group at between 0.5 and 1 h after the admin-

istration of the study drug [3 (2–4) in the palonosetron

group vs. 3 (3–5) in the placebo group, p = 0.025,

Table 3]. The incidence of administration of rescue
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medication was significantly lower in the palonosetron

group at 2 h after administration of the study drug

(Table 2). At 72 h after study drug administration, quality

of life was significantly better in the palonosetron group

than in the placebo group (QoL score at 72 h: 5.2 ± 1.1

in the palonosetron group vs. 6.0 ± 2.5 in the placebo

group, p \ 0.001), and there were significantly more

patients with QoL score of five (no functional

Fig. 1 Flow diagram of the study according to the CONSORT 2010

Fig. 2 Flow diagram showing

the time sequence of

measurements of the study
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interference) in the palonosetron group than in the pla-

cebo group (Fig. 3).

A total of 342 adverse events (AEs) in 117 patients

among 151 patients who administered the study drugs were

reported during study period. The number of total AEs was

not different between the palonosetron group and the pla-

cebo group (152 and 190, respectively, p = 0.410). AEs

reported in more than 5 % of the subjects were dizziness,

headache, fatigue, diarrhea, procedural pain of operation

site, insomnia, and constipation. All AEs were recovered

without any sequelae. Twelve abnormal laboratory results

were reported in eight participants, but they were not

considered to be related to the study drug. There was no

clinically significant change in corrected QT interval of

Table 1 Demographic and clinical characteristics in patients who

received palonosetron or placebo

Parameters Palonosetron

group (n = 72)

Placebo

group

(n = 74)

Gender (male/female), (n) 2 (3)/70 (97) 3 (4)/71 (96)

Age (years) 42 (10) 41 (10)

Weight (kg) 60 (11) 59 (8)

Height (cm) 160 (5) 161 (6)

Body Mass Index (kg/m2) 23.5 (4.2) 23.0 (2.9)

Time from PONV until study

drug administration (min)

5.2 (4.5) 5.9 (5.9)

History of PONV or motion

sickness (n)

28 (39) 25 (34)

ASA physical status classification

1 55 (76) 61 (82)

2 17 (24) 13 (18)

3 0 0

Number of risk factors for PONV

1 2 (3) 10 (14)

2 44 (61) 41 (55)

3 26 (36) 23 (51)

Surgical procedure

Hysterectomy 22 (31) 15 (20)

Ovarian cystectomy 18 (25) 14 (19)

Myomectomy 14 (19) 23 (31)

Cholecystectomy 8 (11) 7 (10)

Salpingo-oophorectomy 4 (6) 1 (1)

Tympanoplasty or

mastoidectomy

2 (3) 4 (5)

Other gynecologic surgery 4 (6) 3 (4)

Other breast, thyroid surgery 0 (0) 7 (10)

Duration of surgery (min) 104 (45) 103 (40)

Data are presented as mean (SD) or number (%)

p values are the results of unpaired t-test for continuous variables and

v2 test or Fisher’s exact test for categorical variables. Number of risk

factors for PONV was counted for female gender, history of PONV or

motion sickness, and use of intraoperative opioid

PONV Postoperative nausea and vomiting, ASA American Society of

Anesthesiologist

Fig. 3 Complete response rate for 24 h (left) and 72 h (right) after

randomization (upper). Complete control rate for 24 h (left) and 72 h

(right) after randomization (middle). Number of patients without

functional interference at 24, 48 and 72 h after randomization (lower).

*p \ 0.05 (v2 test for comparisons of palonosetron vs. placebo).

Functional interference due to nausea and vomiting was measured

utilizing an Osoba Nausea and Emesis module consisting of five four-

point Likert subscales (1 = not at all, 2 = a little, 3 = quite a bit,

4 = very much) for each category. The percentages represent those

patients with final point score of five (score of one on any individual

subscale)
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electrocardiography in both groups. There were no differ-

ences in vital signs between the two groups.

Discussion

We evaluated the therapeutic efficacy of a single dose of

palonosetron (0.075 mg) in the treatment of established

PONV following surgery under general anesthesia.

Palonosetron significantly decreased the incidence of

PONV and increased the CR rates up to 72 h compared

with the placebo group. To the best of our knowledge, this

is the first placebo-controlled study to evaluate the thera-

peutic efficacy of palonosetron for the subjects who

develop PONV over a 72 h-period. There is a relatively

small number of trials for 5-HT3 RAs on the treatment of

established PONV symptoms and a lack of evidence on the

therapeutic efficacy of palonosetron [25–28]. This may be

due to the difficulty and expense of performing a placebo-

controlled study evaluating therapeutic efficacy for estab-

lished PONV.

The CR rate at 72 h after randomization was higher in

the palonosetron group than in the placebo group in this

study. This confirms the long-lasting effect of palonose-

tron, which may be related to its peculiar mechanism of

action and long half-life. The half-life of palonosetron is

ten times longer than ondansetron and 5–8 times longer

than granisetron [9]. The long duration of therapeutic

efficacy found in this study could be attributed to several

experimental findings. Palonosetron has been reported to

exhibit allosteric binding and to cooperate positively to the

5-HT3 receptor, while ondansetron or granisetron bind to

the 5-HT3 receptor bimolecularly [12]. 5-HT3 receptor is

internalized by palonosetron and its function was inhibited

for a long period [14].

In this study, the difference in CR rate at 24 h after

study drug administration in the palonosetron group and

the placebo group was 27.6 %, comparable with previous

placebo-controlled studies with ondansetron or granisetron

that evaluated the first 24 h after drug administration [29,

35]. However, we cannot compare the CR rate at 72 h after

palonosetron administration with other 5-HT3 RAs.

The CC rate at 24 and 72 h after study drug adminis-

tration was not different between the groups. Only the

severity of nausea during the first 0.5 h was significantly

lower in the palonosetron group than in the placebo group

in our study, although the total incidence of PONV and

emesis was significantly lower in the palonosetron group

than the placebo group. Nausea is not controlled by the

serotonin pathway only, although the mechanism of nausea

has not been fully explained. Previous articles reported that

5-HT3 receptor antagonists are more effective for retching

and vomiting than nausea, which explains our finding in

this study [13, 26].

The number of patients who developed PONV during 72 h

after study drug administration was significantly lower in the

palonosetron group than in the placebo group. The incidence

of administration of rescue medication at 2 h post-dose was

significantly lower in the palonosetron group. These results

support that the palonosetron is associated with rapid onset,

low recurrence rate, low incidence of requirement for rescue

medication, and ultimately a high CR rate. The improved

Table 2 Proportion of patients with nausea or episodes of emesis and

who required rescue anti-emetic therapy among the patients admin-

istered with palonosetron or placebo

Parameters (h) Palonosetron group Placebo group p value

Patients with PONVa

0.5–2 21 (29.2) 37 (50.0) 0.010

0.5–24 33 (45.8) 46 (62.2) 0.048

0.5–72 36 (50.0) 49 (66.2) 0.047

Patients with episodes of emesis

0.5–2 6 (8.3) 17 (23.0) 0.015

0.5–24 14 (19.4) 29 (39.2) 0.009

0.5–72 17 (23.6) 33 (44.6) 0.008

Patients with nauseaa

0.5–2 20 (27.8) 30 (40.5) 0.104

0.5–24 27 (37.5) 39 (52.7) 0.065

0.5–72 31 (43.1) 43 (58.1) 0.069

Patients who required rescue antiemeticsb

0.5–2 10 (13.9) 20 (27.0) 0.049

0.5–24 19 (26.4) 25 (33.8) 0.330

0.5–72 21 (29.2) 26 (35.1) 0.440

p values are the results of v2 test

PONV Postoperative nausea and vomiting, emesis Vomiting and

retching
a The incidence of nausea was counted for nausea with NRS C 1
b Rescue antiemetics were considered to be given for the patients

who develop nausea with NRS C 4 or emesis

Table 3 Severity of nausea in patients who received palonosetron or

placebo

Parameters (h) Palonosetron group Placebo group p value

0 7 (5–8) 7 (5–8) 0.149

0–0.5 4 (3–5) 5 (3–7) 0.054

0.5–1 3 (2–4) 3 (3–5) 0.025

1–2 2 (1–3) 3 (2–5) 0.184

2–24 5 (2–6) 4 (2–6) 0.708

24–48 3 (2–5) 4 (2–5) 0.589

48–72 3 (1–6) 2 (1–5) 0.797

Severity of nausea was measured using numerical rating scale

Data are presented as median (IQR)

p values are the result of Mann–Whitney U test
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QoL score at 72 h post-dose in the palonosetron group also

indicates the long duration of action.

There are several limitations to our study. First, the

anesthesia regimen of this study for these patients with

moderate risk of PONV was not consistent with modern

practice, which uses PONV prophylaxis for these patients.

Inhalational anesthetics and nitrous oxide are seldom used

for these patients. Therefore, we cannot confirm whether

palonosetron is still efficacious when an anesthetic regimen

designed to limit PONV is implemented. However, pro-

phylactic use of anti-emetics was not allowed for the pur-

pose of our study, and the anesthesia regimen used in this

study was routine in our center, and was explained well

before obtaining written informed consent. Second, we did

not compare palonosetron with other kinds of 5-HT3

receptor antagonists. We did not provide a direct compar-

ison of therapeutic efficacy of different 5-HT3 receptor

antagonists. Third, as the therapeutic efficacy of only a

single dose of bolus-injected palonosetron was evaluated,

we could not evaluate the effect of different doses of pal-

onosetron. However, we administered the commonly used

dosage of palonosetron [10, 16, 17], and the objective of

this study was achieved with this single dose.

In conclusion, a single 0.075 mg IV dose of palonose-

tron effectively increased the CR rates at 24 and 72 h after

drug administration in moderate risk patients who devel-

oped PONV at PACU within 2 h after surgery. Palonose-

tron also decreased PONV incidence at 2, 24 and 72 h after

drug administration, with significantly lower incidence of

administration of rescue medication at 2 h after drug

administration. We demonstrate for the first time the long-

lasting therapeutic efficacy of palonosetron in the treatment

of established PONV in moderate risk patients after surgery

under general anesthesia.

This study was conducted with written informed consent

from the study subjects.
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