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AIMS
This study characterized the pharmacokinetics of ramosetron and compared prophylactic anti-emetic efficacy with that of
ondansetron in a large population.

METHODS
Fifty-eight patients consented to the pharmacokinetic analysis and were assigned randomly to receive 0.3, 0.45 or 0.6 mg
ramosetron after induction of anaesthesia. Blood samples were acquired at preset intervals. Non-compartmental and population
pharmacokinetic analyses were performed. In total, 1102 patients consented to the evaluation of prophylactic anti-emetic effi-
cacy and were allocated randomly to receive 0.3 mg ramosetron or 4 mg ondansetron at the end of surgery. An additional 16 mg
ondansetron were mixed in the intravenous patient-controlled analgesia pump of the ondansetron group. Post-operative nausea
and vomiting (PONV) were evaluated 6, 24 and 48 h post-operatively using the Rhodes index of nausea, vomiting and retching
(RINVR). Administration of rescue anti-emetics and adverse events were evaluated.

RESULTS
The pharmacokinetic parameter estimates were V1 (l) = 5.12, V2 (l) = 108, CL (l�min�1) = 0.08 + (59�age�1) × 0.09, Q
(l�min�1) = 1.42. The incidences of PONV in the ramosetron and ondansetron groups were 77 (13.9%) and 113 (20.6%) and 44
(7.9%) and 66 (12.0%) at 24 and 48 h post-operatively, respectively (P = 0.004, 0.030). RINVR was significantly lower in the
ramosetron than the ondansetron group 24 and 48 h post-operatively (P = 0.003, 0.025). Use of rescue anti-emetics and
incidence of adverse events were comparable.
© 2016 The British Pharmacological Society DOI:10.1111/bcp.13010
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CONCLUSIONS
A two compartment mammillary model was used to describe ramosetron pharmacokinetics. Prophylactic anti-emetic efficacy of
ramosetron was significantly better 24 and 48 h post-operatively than that of ondansetron, particularly when the Apfel score
was ≥ 3.
WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT
• Ramosetron is more potent and has a longer efficacy compared with previous 5-HT3 antagonists, but few population
pharmacokinetic results are available.

• Previous studies compared the prophylactic anti-emetic efficacy of ramosetron with that of ondansetron, but none has been
performed in large populations or considered risk stratification during enrolment.

WHAT THIS STUDY ADDS
• A two compartment mammillary model was used to describe ramosetron pharmacokinetics and age was a significant covariate
in metabolic clearance.

• Prophylactic administration of a 0.3 mg ramosetron bolus significantly reduced the incidence of late post-operative nausea and
vomiting compared with prophylactic 4 mg ondansetron mixed with 16 mg ondansetron in the i.v. patient-controlled
analgesia.
Introduction

Post-operative nausea and vomiting (PONV) is one of the
most common post-anaesthetic complications and is af-
fected by patient, surgical and anaesthetic factors [1–4].
History of motion sickness or PONV, female gender,
non-smoking status and use of post-operative opioids are
predictive of PONV [3]. Selective 5-hydroxytryptamine
(5-HT3) antagonists have been widely used as prophylactics
or rescue anti-emetics [5]. Ramosetron is a new 5-HT3

antagonist that is more potent and longer acting com-
pared with previous 5-HT3 antagonists [6]. Although
widely used for PONV prophylaxis, few population phar-
macokinetic results for ramosetron are available. One
study showed that age and weight were significant
covariates of the metabolic clearance of ramosetron [7].
This suggests that the ramosetron dosing strategy can
change according to covariates such as age and weight.
A thorough investigation of the pharmacokinetic charac-
teristics of ramosetron would help establish an individu-
alized dosing strategy.

In earlier studies that compared the prophylactic effica-
cies of ramosetron and ondansetron, 0.3 mg ramosetron
demonstrated better efficacy for reducing PONV and
increased the complete response rate compared with 4 mg
ondansetron [8–14]. However, those studies included small
to moderate sample sizes and only a single type of surgery
[8–14], and comparative studies in low risk groups have not
been performed [9–12]. Anti-emetic efficacy could be exag-
gerated if the drug is evaluated selectively in a population
with a high incidence of PONV, because PONV occurs more
frequently in populations with higher Apfel scores [3].
Therefore, a study in a larger population undergoing multiple
types of surgery is needed to consider risk stratification during
patient enrolment to confirm previous results on the efficacy
of ramosetron.
The aims of this study were to characterize the pharmacoki-
netics of ramosetron using non-compartmental analysis and
non-linearmixed effects modelling and to compare the prophy-
lactic anti-emetic efficacies of ramosetron and ondansetron in a
large population.
Methods

Patient population
This study included two study populations. The pharmacoki-
netic analysis of the ramosetron population was designed as a
randomized, double-blind study. This study was performed at
Asan Medical Centre, the study protocol was approved by the
institutional review board (approval number: 2012–0091)
and registered at the international clinical research informa-
tion system (http://cris.nih.go.kr, KCT0001500). We enrolled
patients ≥19 years of age with an American Society of
Anesthesiologists (ASA) physical classification of I or II,
scheduled for stomach or colorectal surgery between October
2012 and April 2013.

The evaluation of the prophylactic anti-emetic efficacy of
ramosetron was designed as a randomized, double-blind,
active-controlled study. The primary endpoint of this analysis
was the incidence of PONV. This study was performed at Asan
Medical Centre, Severance Hospital, Seoul National
University Hospital and Chonnam National University
Hwasun Hospital in Korea. The study protocol was approved
by the institutional review board of each hospital and
registered on the international clinical research information
system (http://cris.nih.go.kr, KCT0001499). We enrolled
patients ≥19 years of age with an ASA physical classification
I or II, scheduled for general, gynaecological or major
orthopaedic surgery at the four hospitals between November
2010 and November 2011.
Br J Clin Pharmacol (2016) 82 762–772 763
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In both analyses, exclusion criteria included an allergic
history of the study drugs, administration of drugs that affect
emesis within 24 h of the operation, use of a post-operatively
maintained nasogastric tube, early feeding within 8 h post-
operatively, blood donation >450 ml within 1 month before
surgery, active hepatitis and alcoholics or patients who binge
drink alcohol. Written informed consent was obtained from
all patients.

Pharmacokinetic study and analysis design
Patients who consented to arterial blood sampling were
allocated and assigned randomly to receive a bolus of 0.3,
0.45 or 0.6 mg ramosetron intravenously after induction of
anaesthesia. Arterial blood (5 ml) was sampled before
(0 min) and 2, 5, 10, 15, 30 min and 1, 2, 4, 8, 12 and 24 h af-
ter administration of ramosetron. An additional 3 ml of arte-
rial blood was obtained during the operation for analysis of
the CYP2D6 single nucleotide polymorphism. The efficacy
of 0.3, 0.45 and 0.6 mg ramosetron on PONV was evaluated
using the Rhodes index of nausea, vomiting and retching
(RINVR) 6, 24 and 48 h post-operatively [15]. Genotyping of
the CYP2D6 cytochrome P450 enzyme was performed to
evaluate its effect on ramosetron pharmacokinetics [16–18].
The patients were classified into four phenotypes based on
CYP2D6 activity: poor, intermediate, extensive and ultra-
rapid metabolizers.

Blood samples and assays for pharmacokinetic
analysis
Bloodwas sampled and collected into ethylenediaminetetraace-
tic acid-containing tubes and then centrifuged at 252 × g for
10 min. Until assay, the plasma was collected and kept at �70°
C. A validated high performance liquid chromatography–
tandemmass spectrometry was used to analyze plasma concen-
trations of ramosetron. Briefly, 200 μl plasma and 20 μl of an
internal standard (5 ng ml�1 risperidone) were mixed. After
that, 1.5 ml methyl tert-butyl ether was added and the mixture
was vortexed for 2 min and centrifuged at 12000 rev min–1 for
2 min. The supernatants were transferred and evaporated under
a stream of nitrogen gas. After reconstituting the residue in
100 μl 40% acetonitrile for 1 min, 10 μl were injected into the
h.p.l.c.-MS/MS system (HPLC-MS/MS; Shimadzu HPLC system,
Shimadzu Co., Kyoto, Japan/API 4000Q-TRAP mass spectrome-
ter; AB SCIEX, Framingham, MA, USA). The column was a
Gemini C18 100 × 2.0 mm, 3.0 μm particle size (Phenomenex,
Torrance, CA, USA), and a mixture of ammonium acetate
(10 mM) and acetonitrile (60/40, v/v) was used as a mobile
phase. The flow rate was maintained at 0.25 ml min�1. The
calibration curve was linear over the range of 0.1–100 ng ml�1

for ramosetron (r2 ≥ 0.98). The intra and interday precision
and accuracy were within 15% and 85–115%, respectively.

Non-compartmental analysis
WinNonlin 6.3 (Pharsight, St Louis, MO, USA) was used to
calculate pharmacokinetic parameters by non-compart-
mental methods. Linear trapezoidal integration was used to
calculate the area under the curve (AUC) from administration
to the last measurement (AUC(0,tlast)). The AUC from admin-
istration to infinity (AUC(0,∞)) was calculated by adding AUC
(0,tlast) and Clast λz

�1. Clast is the last measured concentration
764 Br J Clin Pharmacol (2016) 82 762–772
and λz is the apparent terminal rate constant. λz was esti-
mated by unweighted linear regression for the linear portion
of the terminal log concentration–time curve. Dose linearity
was evaluated by comparing dose-normalized AUC(0,∞)
values using one way analysis of variance (ANOVA). Dose
linearity was confirmed if the differences among three groups
were not significant. Additionally, a power model and
confidence interval (CI) criteria approach was used [19]:

PK ¼ β0�Doseβ1; (1)

where dose linearity implies that β1 = 1 in Equation [1] and PK
denotes a pharmacokinetic variable.

Population pharmacokinetic analysis
The pharmacokinetic modelling was performed with
NONMEM VII (ICON Development Solutions, Ellicott City,
MD, USA) using the ADVAN 6 subroutine and the first order
conditional estimate with interaction. A log-normal or addi-
tive model was used to estimate the inter-individual random
variability of pharmacokinetic parameters. Diagonal matrices
were estimated for the distributions of inter-individual ran-
dom variability (η). Additive, constant and combined addi-
tive and constant coefficients of variation residual error
models were evaluated during the model building process.
Using NONMEM software, minimum value of the objective
function was computed, which is a statistical equivalent of
the �2 log likelihood of the model. A reduction of 3.84 in ob-
jective function value (OFV) (chi-square distribution, degrees
of freedom =1, P < 0.05), was used to discriminate between
hierarchical models [20]. In addition, diagnostic goodness-
of-fit plots were used to evaluate the improvements between
hierarchical models.

One, two and three compartment disposition models
with first order elimination were tested. Age, height, weight,
lean body mass, body mass index, body surface area, gender
and CYP2D6 phenotype were analyzed as covariates [21–
23]. Non-parametric bootstrap analysis was used for internal
validation of the model (fit4NM 3.6.0, Eun-Kyung Lee and
Gyu-Jeong Noh, http://www.fit4nm.org/download, last
accessed November 4, 2013) [24]. Bootstrap replicate values
were generated 2000 times in total, by random sampling with
replacement. The median values and the 95% confidence in-
terval of the non-parametric bootstrap replicates were com-
pared with parameter estimates of the final pharmacokinetic
model. Predictive checks were performed by simulating
2000 iterations and comparing the 95% prediction intervals
with those of the original data (fit4NM 3.6.0) [25]. Differ-
ences in the OFVs between the model without the covariate
tested (reference model) and the model containing the covar-
iate tested (covariate model) fitted to the permuted datasets
were sorted in ascending order and the fifth percentile was
set as δ. If the change in the OFVs between the reference
and covariate models of the original data was greater than
the δ, the covariate efficacy was considered statistically signif-
icant [26].

Evaluation of prophylactic anti-emetic efficacy
In an earlier study that compared ramosetron and
ondansetron, the incidences of nausea were 62% and 70%,
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respectively [10]. To allow detection of an 8% difference in
the incidence of PONV between the two groups with 80%
power and an α value of 0.05, 546 patients were needed per
group. The dropout rate was assumed to be 10%. In total,
1102 patients were enrolled in the PONV analysis. Risk strat-
ification of the enrolled patients was performed according
to their Apfel score [3].

Patients who consented to the PONV analysis were allo-
cated randomly to either the ramosetron or ondansetron
group. The randomization codes for the four medical centres
were created by a statistician who was not involved in the
study. Random assignments were made with a 1 : 1 allocation
ratio using block randomization based on the Apfel score and
surgery type. All patients received sevoflurane anaesthesia
during surgery. At the end of surgery, either 0.3 mg
ramosetron (Nasea®, Astellas, Tokyo, Japan) or 4 mg
ondansetron (Zofran®; GlaxoSmithKline, London, UK) was
administered intravenously according to the allocated group.
The intravenous patient-controlled analgesia (i.v. PCA) was a
200 ml solution consisting of fentanyl, ketorolac and normal
saline. For the ondansetron group, an additional 16 mg
ondansetron were mixed with the i.v. PCA, according to the
current clinical practice in the four medical centres. PONV
was evaluated by incidence and the RINVR 6, 24 and 48 h
post-operatively. The patients in the study and clinicians
who evaluated PONV were blinded to the allocated group.
The number needed to treat (NNT) was calculated to measure
the treatment effects of ramosetron compared with
ondansetron [27–30]. NNT indicates the number of patients
needed to undergo the experimental therapy to prevent one
additional adverse event, which can be used as an indicator
of the overall clinical impact of the intervention [30, 31].
When a patient first complained of PONV, 10 mg
metoclopramide were administered intravenously. If the
symptoms persisted after 15 min, 1 mg ondansetron was ad-
ministered intravenously up to five times until symptoms
subsided. PONV was assessed before and 1 h after administra-
tion of the rescue anti-emetic to evaluate its efficacy in reliev-
ing symptoms. Early and late PONVwere defined as occurring
0–6 and 6–48 h post-operatively, respectively.

Based on the final pharmacokinetic model, the plasma
ramosetron concentration was simulated using the Asan
Pump ver. 2.1.3 software (Dr G.J. Noh and Bionet, Seoul,
Table 1
Characteristics of the patients included in the ramosetron pharmacokinetic

0.3 mg (n = 17)

Age (years) 55.9 ± 9.3

Gender (male/female) 10/7

Weight (kg) 65.0 ± 9.1

Height (cm) 162.9 ± 7.7

Lean body mass* (kg) 47.0 (38.1–56.1)

Body mass index (kg∙m�2) 24.5 ± 2.5

Data are means ± SD, medians (25–75%), percentages or counts, as appropria
in parameters between groups (P > 0.05).
South Korea) and a non-compartmental analysis was per-
formed in patients allocated to the ramosetron group for the
PONV analysis. A simulation was also performed based on
the pharmacokinetic parameters from a recent study of the
pharmacokinetics of ramosetron [7].
Statistics
The statistical analysis was performed using R ver. 3.1.1
(R Foundation for Statistical Computing, Vienna, Austria) or
SigmaStat 3.5 (Systat Software, Chicago, IL, USA). Continuous
variables were analyzed using the t-test or rank-sum test and
categorical variables were analyzed using the chi-square
test or Fisher’s exact test. Comparisons between more than
two groups were analyzed using one way ANOVA or the
Kruskal–Wallis test. Data are presented as means (SDs),
medians (ranges) and counts and percentages for normally
distributed continuous variables, non-normally distributed
continuous variables, and categorical variables, respectively.
A P value < 0.05 was considered significant.
Results

Pharmacokinetic analysis
For the pharmacokinetic analysis, 67 patients were enrolled
and assigned randomly, nine of whom were excluded due to
withdrawal of consent or violation of the study protocol.
Seven hundred and thirty-nine plasma concentration mea-
surements from the remaining 58 patients were used to deter-
mine the pharmacokinetics. Patient characteristics were
comparable among the 0.3, 0.45 and 0.6 mg ramosetron
groups (Table 1). According to the CYP2D6 phenotype, 1,
12, 45 and 0 patients were poor, intermediate, extensive and
ultrarapid metabolizers, respectively.

The non-compartmental pharmacokinetic parameters are
shown in Table 2. The differences in the dose-normalized
AUC(0,tlast) or AUC(0,∞) were not significant. The dose-
normalized AUC(0,tlast) was 2.63, 7.28 (25–75%; 5.19–11.24),
and 7.27 (4.86–8.79) min l�1 in poor, intermediate and
extensive metabolizers, respectively (P = 0.244, Kruskal–Wallis
test). The relationship between the total dose and total AUC
analysis

0.45 mg (n = 19) 0.6 mg (n = 22)

61.5 ± 9.1 58.4 ± 13.9

12/7 13/9

64.7 ± 10.2 59.4 ± 8.2

162.4 ± 7.7 159.1 ± 7.8

51.6 (37.4–52.7) 46.0 (35.7–50.0)

24.5 ± 3.2 23.4 ± 2.2

te. *Calculated by the Janmahasatian formula. No statistical differences

Br J Clin Pharmacol (2016) 82 762–772 765



Table 2
Non-compartmental pharmacokinetic parameters for ramosetron after bolus administration

0.3 mg (n = 17) 0.45 mg (n = 19) 0.6 mg (n = 22)

AUC(0,tlast_D (min∙l�1) 4.5 ± 1.7 4.4 ± 1.3 5.0 ± 1.7

AUC(0,∞_D) (min∙l�1) 5.5 (4.5–6.7) 5.4 (4.1–6.1) 7.0 (5.2–8.0)

CL(l∙min�1) 0.18 (0.15–0.22) 0.18 (0.17–0.25) 0.15 (0.12–0.19)

λZ (l∙min�1) 0.0011 (0.0009–0.0015) 0.0012 (0.0010–0.0014) 0.0010 (0.0007–0.0011)

Data are means ± SD or medians (25–75%), as appropriate. AUC(0,tlast_D) dose-normalized AUC(0,tlast) (AUC(0,tlast) area under the curve from ad-
ministration to the last measured concentration); AUC(0,∞_D) dose-normalized AUC(0,∞) (AUC (0,∞) area under the curve from administration to
infinity); CL clearance; λZ terminal elimination rate constant.
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after log transformation revealed a linear pharmacokinetic
relationship (slope = 1.291; 95% CI 0.941, 1.642).

A two compartment mammillary model with first order
elimination best described the pharmacokinetics of
ramosetron. Age was a significant covariate in metabolic
clearance, resulting in an improved OFV (5.43, P < 0.001, de-
grees of freedom 1), compared with the basic model (number
of model parameters 9). The CYP2D6 phenotype had no in-
fluence on metabolic clearance when incorporated into the
pharmacokinetic model. The δ value between the basic and fi-
nal models in the randomization test was 0.17. The pharma-
cokinetic parameter estimates and the non-parametric
bootstrap results of the final model are listed in Table 3. The
population parameter estimates and the bootstrap median
values were close and the 95% CIs of these parameters were
relatively small, indicating the accuracy of the final pharma-
cokinetic parameter estimates. Figure 1 shows the goodness-
Table 3
Population pharmacokinetic parameter estimates, inter-individual variabilit
bootstrap replicates for the final ramosetron pharmacokinetic model

Model Parameters Est

Basic V1(l) 5.2

V2 (l) 10

CL(l∙min�1) 0.1

Q (l∙min�1) 1.4

σ
2 (%) 0.2

Final V1 (l) 5.1

V2 (l) 10

CL (l∙min�1) θ1 + (59∙age�1) × θ2 θ1 0.0

θ2 0.0

Q(l∙ min�1) 1.4

σ
2, % 0.2

A log-normal distribution of inter-individual random variability was assumed.
of variation (CV) model. Non-parametric bootstrap analysis was repeated 200
and 7.99%, respectively. V1 central volume of distribution; V2 peripheral volum
relative standard error = SE∙mean�1 × 100 (%); σ2 variance of residual rando

766 Br J Clin Pharmacol (2016) 82 762–772
of-fit plots of the final model. The predicted values and the
measured values were consistent and the conditional
weighted residuals were generally distributed around zero.
The predictive check results are shown in Figure 2. The ob-
served values were mostly within the 95% prediction inter-
val. A small proportion of the data was distributed outside
the 95% prediction intervals of 2.0%, 3.0% and 3.8% in the
ramosetron 0.3, 0.45 and 0.6 mg groups, respectively,
indicating that the final pharmacokinetic model adequately
described the time courses of the plasma ramosetron
concentrations.
Evaluation of prophylactic anti-emetic efficacy
A total of 1236 patients were enrolled and assigned randomly
for the PONV assessment and 134 patients were excluded due
to withdrawal of consent, loss during follow-up, omission of
y and median parameter values (2.5–97.5%) of the non-parametric

imates (RSE, %) CV (%) Median (2.5–97.5%)

(9.5) 46.2 �
8 (3.6) 27.8 �
7 (3.9) 27.3 �
3 (7.3) 47.4 �
74 (7.3) � �
2 (9.2) 45.6 5.17 (4.05–6.34)

8 (6.3) 27.5 108 (99.4–117)

8 (47.5)
26.3

0.06 (0.006–0.16)

9 (45.9) 0.11 (0.02–0.33)

2 (10.2) 47.0 1.41 (0.33–1.66)

74 (3.1) � 0.27 (0.24–0.32)

Residual random variability was modelled using a constant coefficient
0 times. The shrinkage value of V1, V2, CL and Q was 19.98, 9.26, 9.94
e of distribution; CL clearance; Q inter-compartmental clearance; RSE

m variability.



Figure 1
Goodness-of-fit plots for the final ramosetron pharmacokinetic model. A) Population predicted vs. measured plasma ramosetron concentrations
and B) conditional weighted residuals (CWRES) vs. predicted plasma ramosetron concentration

Figure 2
Predictive checks of the final ramosetron pharmacokinetic model with A) 0.3, B) 0.45 and C) 0.6 mg ramosetron. Grey-filled area represents the
model’s 95% prediction interval. Red solid line indicates the 50% prediction interval. +, measured plasma ramosetron concentration
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the allocated intervention, violation of the study protocol or
adverse events. In total, 1102 patients were included in the fi-
nal analysis. The characteristics of the patients used for the
PONV analysis are summarized in Table 4.

The incidence of PONV and the RINVR subscores (experi-
ence score for total PONV experience, occurrence score for
objective symptoms and distress score for subjective symp-
toms) demonstrated significant differences between the two
groups 24 and 48 h post-operatively (Table 5) [15]. The NNTs
at 6, 24 and 48 h post-operatively were 32.4 (95% CI 12.3,
74.1), 14.9 (8.7, 52.2) and 24.4 (14.7, 70.8), respectively.
Patients with an Apfel score of 3 showed significant differ-
ences on the RINVR 24 and 48 h post-operatively (Figure 3).
The differences in the RINVR 6 and 24 h post-operatively
were marginally significant in patients with an Apfel score
of 4 (P = 0.069 and 0.084, respectively). The NNTs calculated
for patients with an Apfel score of 4 were 7.4 (95% CI 4.4,
24.0) and 6.4 (3.0, 18.0) at 6 and 24 h post-operatively.
Fentanyl consumption 48 h post-operatively was not differ-
ent between the groups (P = 0.507; rank-sum test).
The incidence rates of rescue anti-emetic use were 8.2%
and 11.2% in the ramosetron and ondansetron groups,
respectively (P = 0.117, chi-square test). The reductions in to-
tal distress after administration of a rescue anti-emetic in the
ramosetron and ondansetron groups were 1 (1–3) and 2 (1–3),
respectively (P = 0.308, rank-sum test). Overall, 194 adverse
events were reported during the study period. The incidence
of adverse events was comparable between the two groups
(P = 0.981, chi-square test). Adverse events included sedation
(ramosetron n = 11/ondansetron n = 8), headache (38/34),
and dizziness (44/51). Other less common (<1%) adverse
events were considered unrelated to the investigational
drugs, including hypotension, arrhythmia, atelectasis,
hypoglycaemia and shivering.

Table 6 shows the age and dose-normalized AUC(0,tlast)
calculated from the simulated plasma concentration in
the ramosetron group using the pharmacokinetic models in
this and a previous study. The age and dose-normalized
AUC(0,tlast) did not differ significantly between patients with
and without PONV.
Br J Clin Pharmacol (2016) 82 762–772 767



Table 4
Characteristics of the patients included in the anti-emetic efficacy analysis

Ramosetron (n = 554) Ondansetron (n = 548)

Age (years) 53 (44–63) 53 (45–65)

Gender (male/female) 204/350 218/330

Weight (kg) 60.0 (53.0–67.2) 60.0 (54.0–68.6)

Height (cm) 160.0 (156.0–166.3) 160.1 (156.0–167.0)

ASA class 1/2/3 (n) 379/165/9 388/155/6

Duration of anaesthesia (min) 150 (106–215) 145 (107–210)

Type of surgery (%)

General surgery 59.6 61.7

Gynaecologic surgery 39.0 37.8

Major orthopaedic surgery 1.4 1.4

Apfel score 1/2/3/4 (n) 76/106/306/66 80/117/293/58

Data are means ± SD, medians (25–75%), percentages or counts, as appropriate. General surgery included colon, stomach, laparoscopic general and
breast surgery. Gynaecological surgery included laparoscopic gynaecologic surgery, myomectomy, radical hysterectomy, abdominal hysterectomy,
vaginal hysterectomy and salpingo-oophorectomy. Major orthopaedic surgery included shoulder surgery, spinal surgery using instruments and total
hip replacement surgery. ASA American Society of Anesthesiologists; PONV post-operative nausea and vomiting. No differences were detected in any
of the parameters between the ramosetron and ondansetron groups.
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Discussion
In this study, the pharmacokinetics of ramosetron were well
described by a two compartment mammillary model, and
age was a significant covariate on metabolic clearance. Pro-
phylactic anti-emetic efficacy of ramosetron was significant
24 and 48 h post-operatively, compared with that of
ondansetron and this difference was significant in patients
with an Apfel score of 3. This study extended the results of
the previous pharmacokinetics study of ramosetron in two
ways. First, our study revealed dose linearity for the pharma-
cokinetics of ramosetron. Second, we evaluated the prophy-
lactic anti-emetic efficacy of ramosetron in a large
population, considering risk stratification based on the Apfel
score at enrolment.

Our results demonstrated that age was a significant covar-
iate on metabolic clearance. In a previous study on
ramosetron pharmacokinetics, age was the most significant
covariate on metabolic clearance, which coincides with our
study [7]. The effect of age on metabolic clearance can be
readily explained by the reduction of liver function with in-
creasing age, as 5-HT3 antagonists usually undergo extensive
hepatic metabolism [32]. However, based on the pharmacoki-
netic parameters, the simulation of the prophylactic anti-
emetic efficacy evaluation in the ramosetron group per-
formed using Asan Pump software revealed a comparable
dose-normalized AUC(0,tlast) between patients with and
without PONV. There are several possible explanations for
this result. First, age is a predictable risk factor for PONV in
the adult population, which is compatible with the simula-
tion result [3, 33, 34]. Second, although age as a covariate im-
proved the OFV of the pharmacokinetic model, the
improvement was minimal, suggesting a weak influence of
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age on the plasma ramosetron concentration. Therefore,
comparable ages among subjects, regardless of PONV, may
have prevented the significant difference in the dose-
normalized AUC(0,tlast). Moreover, the correlation between
PONV and the plasma ramosetron concentration may be an
all-or-none pattern rather than a linear pattern, due to its
high receptor affinity [35, 36].

The difference compared with the previous study is that
body weight was not a significant covariate in this study.
However, there are two clinical reasons why body weight
was not a covariate. First, although body weight was a signif-
icant covariate in the previous study, the inclusion of body
weight decreased the interindividual variability by less than
5%, leaving a large portion of the variability unexplained
[7]. Second, a study of the pharmacokinetics of ondansetron
suggested that it is unlikely for weight to cause dose adjust-
ment of ondansetron due to the wide therapeutic index, al-
though their data revealed that weight was a significant
covariate [37]. Since ramosetron has greater receptor affinity
than ondansetron, we suggest that it is clinicallymore accept-
able not to include body weight as a covariate.

The pharmacokinetics of ramosetron were best described
by a two compartment model, whereas a three compartment
model was used in a recent study [7]. The discrepancy be-
tween the two studies might be explained by the additional
48 h post-operative sample acquired in the previous study.
During the early stages of ramosetron development in 1991,
the last sample point used in the phase 1 trial was 24 h. How-
ever, the high receptor affinity of ramosetron may have re-
quired a sampling time longer than 24 h to allow
identification of a possible third compartment [35].

Our results demonstrate similar anti-emetic efficacy 6 h
post-operatively between the ramosetron and ondansetron



Table 5
Incidence and Rhodes index of post-operative nausea, vomiting and retching

Ramosetron (n = 554) Ondansetron (n = 548)

6 h post-operative

Incidence 86 (15.5) 102 (18.6)

RINVR

Experience 0 (0–20) 0 (0–18)

Occurrence 0 (0–12) 0 (0–12)

Distress 0 (0–9) 0 (0–8)

24 h post-operative

Incidence* 77 (13.9) 113 (20.6)

RINVR

Experience* 0 (0–15) 0 (0–32)

Occurrence* 0 (0–10) 0 (0–20)

Distress* 0 (0–9) 0 (0–12)

48 h post-operative

Incidence* 44 (7.9) 66 (12.0)

RINVR

Experience* 0 (0–16) 0 (0–20)

Occurrence* 0 (0–16) 0 (0–12)

Distress* 0 (0–7) 0 (0–8)

Overall incidence* 145 (26.2) 179 (32.7)

Data are numbers (percentages) or medians (ranges), as appropriate. RINVR, Rhodes index of nausea, vomiting and retching. *P < 0.05 vs. the
ondansetron group.

Prophylactic anti-emetic efficacy, pharmacokinetics of ramosetron
groups, whereas i.v. bolus administration of 0.3 mg
ramosetron showed better anti-emetic efficacy than that of
4 mg i.v. ondansetron in earlier studies [13, 14]. This may be
due to the additional ondansetron that was mixed in the i.v.
PCA. Previous reports suggest that mixing anti-emetics in i.
v. PCA reduces the incidence of PONV after surgery, and that
bolus 4 mg administration with 12 mg ondansetron mixed
in the i.v. PCA has similar anti-emetic efficacy to that of a
0.3 mg ramosetron bolus 0–6 h post-operatively [8, 10]. How-
ever, in our study, although additional ondansetron was
mixed in the i.v. PCA, the total incidence of PONVwas higher
in the ondansetron group 24 and 48 h post-operatively than
in the ramosetron group. The longer efficacy of ramosetron
compared with ondansetron has been demonstrated in a pre-
vious study [10]. This may be due to the higher receptor affin-
ity of ramosetron, suggesting that the prophylactic anti-
emetic efficacy of a bolus of 0.3 mg ramosetron lasts longer
than 24 h post-operatively [35, 36].

The comparable efficacies between the two anti-emetics
in patients with Apfel scores of 1 or 2 may be due to the rela-
tively low incidence of PONV in the population. However,
despite a relatively higher incidence of PONV in patients with
an Apfel score of 4, the differences in the RINVR score
between the two groups 6 and 24 h post-operatively were
marginally significant. Therefore, we considered NNT to ac-
count for this result. NNT reflects the efficacy of an interven-
tion compared with the control using a simple and intuitive
estimate, and a positive value or confidence interval (CI) is
interpreted as a benefit of the intervention, whereas a value
of ∞ indicates no effect and a negative value a harmful effect
[30]. A low NNT value indicates a highly effective interven-
tion, but values <5 are rare in clinical practice [30]. In our
study, the NNT values 6 and 24 h post-operatively in patients
with an Apfel score of 4 were close to 5, which was low
enough to favour the anti-emetic efficacy of ramosetron. This
result suggests that the size of the group with an Apfel score of
4 may have been insufficient to show a difference between
the two anti-emetics. NNT has been used as a measure to re-
port results from randomized controlled trials investigating
PONV prevention and treatment [27–29, 38].

A limitation of our study was that insufficient numbers of
poor and ultrarapid metabolizers were included in the phar-
macokinetic analysis, so we could not compare all four
CYP2D6 phenotypic classes. The frequencies of the CYP2D6
phenotypic classes differ widely among ethnic groups [39].
Extensive and intermediate metabolizers comprise most of
Br J Clin Pharmacol (2016) 82 762–772 769



Figure 3
Rhodes index of nausea, vomiting and retching (RINVR) scores for patients with A) an Apfel score of 1 (ramosetron/ondansetron: n = 76/81), B) an
Apfel score of 2 (106/118), C) an Apfel score of 3 (308/294) or D) an Apfel score of 4 (67/60). Red solid lines indicate the median values, which
were 0 for all. The RINVR ranges for patients with an Apfel score of 1 at 6, 24, and 48 h post-operatively were 0–9/0–8, 0–15/0–14, and 0–5/0–4,
respectively. For patients with an Apfel score of 2, 0–9/0–12, 0–12/0–10 and 0–6/0–6; for patients with an Apfel score of 3, 0–20/0–18, 0–15/0–
32, and 0–12/0–17; for patients with an Apfel score of 4, 0–13/0–17, 0–10/0–24 and 0–16/0–20, respectively. *P< 0.05 vs. ondansetron accord-
ing to the rank-sum test. ramosetron, ondansetron

Table 6
Dose-normalized AUC(0,tlast) calculated from the simulated plasma concentrations from different pharmacokinetic models of ramosetron

Age (years) Present study AUC(0,tlast_D) (min∙l�1) Lee et al. [7] AUC(0,tlast_D) (min∙l�1)

6 h

Patients with PONV 51 (41–63) 6.12 (6.02–6.24) 5.40 (4.80–6.04)

Patients without PONV 54 (44.5–63) 6.17 (6.07–6.24) 5.39 (4.85–5.88)

24 h

Patients with PONV 52.5 (46–63) 8.59 (8.25–8.88) 7.85 (7.11–8.76)

Patients without PONV 53 (44–63) 8.54 (8.16–8.88) 7.89 (7.03–8.76)

48 h

Patients with PONV 54.5 (47–67) 9.20 (8.78–9.78) 8.82 (7.62–9.60)

Patients without PONV 53 (43.5–63) 9.12 (8.60–9.61) 8.53 (7.61–9.49)

Data are medians (25–75%). The simulation was performed for patients who had received prophylactic ramosetron, based on pharmacokinetic
parameters. AUC(0,tlast_D) dose-normalized AUC(0,tlast) (AUC(0,tlast) area under the curve from administration to the last measured concentration);
PONV post-operative nausea and vomiting. There were no significant differences between patients with and without PONV in age or AUC(0,tlast_D).
P < 0.05 was considered significant.
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the East Asian population, whereas the phenotypic frequen-
cies for poor and ultrarapid metabolizers are extremely low
[40]. Further investigation is required to determine the im-
pact of the CYP2D6 genotype.
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In conclusion, a two compartment mammillary model
adequately described the pharmacokinetics of ramosetron,
and age was a significant covariate on metabolic clearance.
Prophylactic bolus administration of 0.3 mg ramosetron



Prophylactic anti-emetic efficacy, pharmacokinetics of ramosetron
significantly reduced the incidence of late PONV compared
with prophylactic 4 mg ondansetron with 16 mg
ondansetron mixed in the i.v. PCA, particularly in patients
with Apfel scores ≥3.
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