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Executive Summary

Zofran (ondansetron) I.V. (NDA 20-007) is currently approved for marketing in the US
for the prevention of (1) chemotherapy-induced nausea and emesis (CINV) in adult
cancer patients and in pediatric cancer patients 4-18 yrs of age and (2) post-operative
nausea and vomiting (PONV) in adults and children 2 to 12 yrs of age.
A pediatric Written Request (PWR) for ondansetron was issued on 6/26/01 to obtain
pediatric information in younger age groups. The PWR consists of three studies assessing
pharmacokinetics (PK), exposure, and safety. Study 1 is a pharmacokinetic study
evaluating one or more dose levels of ondansetron in pediatric patients aged 1 month to
24 months who are undergoing surgery. Study 2 assesses the safety, tolerability and
ability to prevent post-operative nausea and vomiting in pediatric patients aged 1 to 24
months who are undergoing surgery, while study 3 assesses the safety, tolerability,
pharmacokinetics (PK) and ability to prevent nausea and vomiting in pediatric cancer
patients aged 6 months to 48 months with moderately to highly emetogenic
chemotherapy.
Supplement SE5-035 to NDA 20-007 is submitted in support of the use of ondansetron in
pediatric surgical patients aged 1 month to 24 months, and pediatric cancer patients aged
6 months to 48 months who receive moderately to highly emetogenic chemotherapy.

The submission consists of three studies; studies S3A40319, S3A40323, and S3A40320
corresponding to studies 1, 2, and 3 of the PWR. This review does not address the
findings of study S3A40323 as the study did not evaluate the PK of ondansetron.
The findings of study S3A40319 indicate that for pediatric surgical patients aged 1 to 4
months, clearance (CL) of was lower and half-life was prolonged compared to patients
aged > 4 to 24 months. Despite an increase in half-life by more than 2-fold in pediatric
patients aged 1 to 4 months, no dosage adjustment is warranted in pediatric patients since
Zofran I.V. is administered as a single dose for the treatment of PONV (i.e., no
accumulation is projected with single dose administration of ondansetron). However,
those patients should be monitored carefully in view of higher plasma levels.
The population PK analysis using combined data from studies S3A40319 and S3A40320
indicated that administration of a dose of I.V. Zofran 0.15 mg/kg every 4 hours for 3
doses in cancer patients aged 6 to 48 months results in systemic exposure levels similar to
those achieved in older cancer patients (4 to 18 years; study S3A-150) at similar doses.
Taken altogether, the findings of studies S3A40319 and S3A40320 support the use of the
weight-based dosing regimens for prevention of PONV and CINV in younger pediatric
patients similar to those currently approved for older pediatric patients.
A. Recommendations
From the view point of Office of Clinical Pharmacology and Biopharmaceutics, NDA 20
007 / S-035 is acceptable provided that a mutually satisfactory agreement can be reached
between the sponsor and Agency. See Appendix A for the sponsor’s proposed package
insert.
From a Clinical Pharmacology perspective, the sponsor has adequately fulfilled the
studies outlined in the Pediatric Written Request (PWR) for Zofran.
B. Phase IV Commitments
None.
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C. Summary of CPB Findings

NDA 20-007/S-035 consists of three studies; study S3A40319 (a multi-center, two-arm,
single dose PK study of I.V. Zofran in pediatric surgical patients aged 1 to 24 months),
study S3A40323 (a randomized, double-blind, placebo-controlled, multi-center study of
I.V. ondansetron 0.1 mg/kg for the prevention of postoperative emesis in pediatric
surgical patients aged 1 to 24 months who are undergoing routine surgery under general
anesthesia) and study S3A40320 (an open-label, multi-center study of the safety, PK and
anti-emetic effect of 0.15 mg/kg I.V. ondansetron administered for 3 doses to pediatric
cancer patients aged 6 to 48 months who are receiving moderately to highly emetogenic
chemotherapy).
The current review solely addresses the Clinical Pharmacology and Biopharmaceutics
related results in the submission (i.e., studies 3A40319 & 3A40320).
The results of the study S3A40319 indicate that clearance of ondansetron was reduced
and half-life was prolonged in 1-4 month old pediatric surgical patients relative to > 4-24
month old pediatric patients.
The results of the population PK analysis which used combined data from studies
S3A40319 and S3A40320 demonstrate that administration of I.V. Zofran 0.15 mg/kg
every 4 hours for 3 doses in cancer patients aged 6 to 48 months results in systemic
exposure levels similar to those achieved in older cancer patients (4 to 18 years; study
S3A-150) at similar doses.

Fig. 1. Weight normalized ondansetron CL by type of patient and age
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II. Question-Based Review
A. General Attributes
Ondansetron (Zofran) is a 5-HT3 receptor antagonist. It was first approved for marketing
in the US on 1/4/1991.
Zofran is currently approved for marketing in the US for the prevention of
chemotherapy-induced nausea and emesis (CINV) in adult cancer patients and in
pediatric cancer patients 4-18 yrs of age. It is additionally approved for the prevention of
post-operative nausea and vomiting (PONV) in adults and children 2 to 12 yrs of age.
B. General Clinical Pharmacology
1. Are pediatric surgical patients aged 1 to 24 months and pediatric cancer patients
aged 6 to 48 months who are receiving moderately to highly emetogenic
chemotherapy comparable to older children on their PK/PD profiles of
ondansetron?
Study S3A40319 evaluated the PK aspects of I.V. Zofran 0.1 mg/kg and 0.2 mg/kg in
pediatric surgical patients aged 1 to 24 months. Forty six male and female pediatric
surgical patients (stratified by age to two groups; 1-4 months and > 4-24 months)
received either 0.1 mg/kg or 0.2 mg/kg single doses of I.V. Zofran. The study was
conducted in a non-randomized, open label, two-arm, multi-center fashion. Blood
samples were drawn for determination of ondansetron PK up to 8 hrs post-dose.
Table 1. Summary of the mean PK parameters (with 95% confidence intervals) for
ondansetron I.V., 0.1 mg/kg and 0.2 mg/kg in pediatric patients aged 1-4 months and
> 4-24 months (n = 41)
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Fig. 2. Weight-normalized CL vs. dose for ondansetron
Following administration of I.V. ondansetron at doses of 0.1 mg/kg and 0.2 mg/kg to
pediatric patients aged 1-4 months and > 4-24 months, mean Cmax increased around 2
fold in both age groups. While AUC0-∞ was similar between the two age groups at the 0.1
mg/kg dose, AUC0-∞ values increased following administration of the 0.2 mg/kg dose by
2.5-fold and 1.4-fold in the 1-4 months and > 4-24 months groups, respectively (Table 1).
The mean terminal half-life (t1/2) of ondansetron in pediatric patients aged 4-24 months
was 2.4-3.1 hrs following administration of 0.1 mg/kg and 0.2 mg/kg doses of I.V.
ondansetron, while in patients aged 1-4 months, the mean terminal half-life of
ondansetron was 5.9-6.2 hrs following administration of both doses of ondansetron.
Despite an increase in half-life by more than 2-fold in pediatric patients aged 1 to 4
months, no dosage adjustment is warranted in pediatric patients aged 1 to 4 months since
Zofran I.V. is administered as a single dose for the treatment of PONV.
Study S3A40320 was a multi-center, open-label study to evaluate the population PK of
I.V. Zofran in pediatric cancer patients aged 6 to 48 months who were receiving
moderately to highly emetogenic chemotherapy. Seventy six male and female pediatric
cancer patients received three 0.15 mg/kg doses of I.V. ondansetron, beginning 30 min
prior to emetogenic chemotherapy and at 4 and 8 hrs after the first dose. Blood samples
were drawn for determination of ondansetron PK up to 8 hrs post-dose.
Population PK analysis was originally planned using data from pediatric cancer patients
only (study S3A40320). However, due to difficulty in patient recruitment to meet the
number of patients as specified in the ondansetron PWR, the PWR was amended per the
sponsor’s request to allow inclusion of PK data from 51 pediatric surgical patients (study
S3A40319) in the population PK analysis.
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Table 2. Mean (95% confidence interval) PK parameters for ondansetron in adult
and pediatric cancer patients

Based on the population PK analysis, cancer patients aged 6 to 48 months who received
I.V. Zofran doses of 0.15 mg/kg Q 4 hrs for 3 doses are expected to achieve systemic
exposure levels similar to those achieved in older cancer patients (4 to 18 years; study
S3A-150) at similar doses (Table 2).
Furthermore, in pediatric cancer subjects aged 2 to 18 years (n=35; Studies S3A-150 and
S3AM20), it was determined that the AUC90 (AUC required to achieve a 90% response)
was around 250 ng·h/mL (Appendix C). In other words, pediatric cancer subjects with
AUC0-∞ > 250 ng·h/mL had the best opportunity for a complete response (i.e. no emetic
episodes). A similar exposure-response relationship was observed in study S3A40320,
where at the model-predicted AUC0-∞ values > 250 ng·h/mL (26% of patients), there was
complete control (no emetic episodes) in the majority of the subjects and only 2 patients
had a partial response (1 emetic episode each). When model-predicted AUC0-∞ values
were > 150 ng·h/mL1 (68% of the patients), only one subject was classified as a
therapeutic failure as they had more than one emetic episode and 9 subjects had partial
responses (1 emetic episode each).
The results of study S3A40323 (a randomized, double-blind, placebo-controlled, multi
center study of I.V. ondansetron 0.1 mg/kg for the prevention of postoperative emesis in
pediatric surgical patients aged 1 to 24 months who are undergoing routine surgery under
general anesthesia) indicate that the proportion of patients who experienced an emetic
episode corresponded to a total of 28% placebo and 11% Zofran patients, which is similar
to the findings of study S3A40319 where 10% of Zofran patients experienced emesis.
Overall, pediatric surgical and cancer patients seem to have higher ondansetron CL and
shorter half-lives relative to adults. In patients aged 1 to 4 months however, a longer halflife of ondansetron has been observed, mainly due to the higher volume of distribution
relative to older pediatric patients and adults.
1

Based on exposure/response data from studies S3A-150 and S3AM20, AUC50 of the antiemetic effect of
ondansetron in pediatric cancer patients was determined to be 170 ng·h/mL.
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The PK and exposure/response findings of studies S3A40319 and S3A40320 for I.V.
Zofran in pediatric surgical (aged 1 month to 24 months) and cancer (aged 6 month to 48
months) patients are generally comparable to those of older children and support the use
of the weight-based dosing regimens for prevention of PONV and CINV in younger
pediatric patients similar to those currently approved for older pediatric patients.
E. General Biopharmaceutics
None
F. Analytical Section
Plasma concentrations of ondansetron were determined using protein precipitation and a
validated LC-MS/MS assay method (# RBMT-MET-255.00) over a range of 0.5 to 500.0
ng/mL. The lower limit of quantitation was established at 0.5 ng/mL.
At all validation sample concentrations examined, the % bias is less than ±15%, while the
maximum average % bias observed was -5.5%. In addition, the within- and betweenassay precision are ≤ 15% and the maximum average within- and between-assay
precision observed were 7.3% and 7.4%, respectively.
Overall, the analytical assay method utilized in the submission was adequately validated.
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III. Appendices
A. Proposed Package Insert (original and Agency proposed)
B. Individual Study Reviews
C. Exposure-Response Relationship for Ondansetron in Pediatric Cancer
patients
D. Pediatric Written Request for Ondansetron
E. Cover Sheet and OCPB Filing/Review Form
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Appendix A
Proposed Package Insert

18 Page(s) of Draft Labeling has been Withheld in Full as B4
(CCI/TS) immediately following this page
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Appendix B
Individual Study Reviews
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NDA: 20-007/ S-035 - Study S3A40319

Study Date: Jan 2002-May 2002

Type of Study: PK Study in Pediatric surgical Patients Aged 1 month to 24 months
The study is entitled,
“A
PHASE
IV,
MULTI-CENTER,
TWO-ARM,
SINGLE
DOSE
PHARMACOKINETIC STUDY OF INTRAVENOUS ZOFRAN IN PEDIATRIC
SURGICAL PATIENTS FROM 1 MONTH TO 24 MONTHS OF AGE”
Primary Objective(s)
• To assess the PK, safety and tolerability of I.V. Zofran in pediatric surgical patients
aged 1 to 24 months.
Study Design
Non-randomized, multi-center, two-arm, single-dose PK and safety study
Subjects
Key Inclusion
Criteria

Treatment

PK Sampling
Times

46 pediatric patients (out of 51 enrolled patients)
Male and female pediatric patients aged 1-24 months
Patients weighed ≥ 3 kg
Patients scheduled to undergo procedures requiring general
anesthesia
Patients stratified into two groups (1-4 months and > 4-24 months)
were assigned to receive one of two single treatments: I.V. Zofran
slow (30 sec) injection 0.1 mg/kg OR 0.2 mg/kg.
For determination of ondansetron plasma concentrations, blood
samples were collected at the following time points:
0 (at end of slow injection), 1, 2, 4, 6 and 8 hrs post-dose.

Pharmacokinetic Analysis
The following PK parameters were determined: AUC0-last, AUC0-inf, Cmax, tmax, t1/2, CL &
Vdss. The calculated PK parameters were summarized by dose group and by age group.
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Fig. 2. Weight-normalized CL vs. dose for ondansetron

Fig. 3. Weight-normalized Vdss vs. dose for ondansetron
•

Following administration of I.V. ondansetron at doses of 0.1 mg/kg and 0.2 mg/kg to
pediatric patients aged 1-4 months and > 4-24 months, mean Cmax increased around
2-fold in both age groups. However, Cmax was around 20% greater in > 4-24 months
group relative to the 1-4 months group at both doses (Table 1). While AUC0-∞ was
similar between the two age groups at the 0.1 mg/kg dose, AUC0-∞ values increased
following administration of the 0.2 mg/kg dose by 2.5-fold and 1.4-fold in the 1-4
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months and > 4-24 months groups, respectively. This might be attributed to the
relatively high PK variability observed in pediatric patients < 4 months of age
compared to older pediatric patients, which in turn might be due to immaturity of
hepatic metabolizing enzymes at this age, known to play a key role in the clearance of
ondansetron (Fig. 1). However, individual ages of the pediatric subjects were not
available in the study report to allow for an in-depth evaluation of the effect of age on
the PK of ondansetron in the youngest of the patients participating in this study.
•

The mean terminal half-life (t1/2) of ondansetron in pediatric patients aged 4-24
months was 2.4-3.1 hrs following administration of 0.1 mg/kg and 0.2 mg/kg doses of
I.V. ondansetron. This is comparable to the reported mean half-life of ondansetron
(2.5-3 hrs) in older pediatric patients aged 3-12 years. As for patients aged 1-4
months, the mean terminal half-life of ondansetron was 5.9-6.2 hrs following
administration of both doses of ondansetron. Those findings are in agreement with the
observed reduction in CL and increase in Vdss of ondansetron in the youngest
pediatric patients (Table 1).
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NDA: 20-007/ S-035 - Studies S3A40319 & S3A40320

Study Date: Mar 2003-Mar 2004

Type of Study: Population PK Analysis in Pediatric Patients Aged 1 month to 48 months
Population PK analysis was originally planned using data from pediatric cancer patients
only (study S3A40320). However, due to difficulty in patient recruitment to meet the
number of patients as specified in the ondansetron PWR, the PWR was amended per the
sponsor’s request to allow inclusion of PK data from pediatric surgical patients (study
S3A40319) in the population PK analysis.
Primary Objective(s)
• To develop a PK model to characterize the population PK of ondansetron in pediatric
cancer and surgical patients aged 1 to 48 months.
Study Design
Study S3A40319 was a multi-center, two-treatment arm, single dose, PK study in
pediatric surgical patients aged 1 to 24 months. Study S3A40320 was a multi-center,
open-label study in pediatric cancer patients aged 6 to 48 months who were receiving
moderately to highly emetogenic chemotherapy.
Subjects

51 pediatric surgical patients (study S3A40319) and 76 pediatric
cancer patients (study S3A40320). Of a total of 127 pediatric
patients, data from 115 pediatric patients were included in the
population PK analysis

Treatments

In study S3A40319, patients were stratified into two groups (1-4
months and > 4-24 months) were assigned to receive one of two
single treatments: I.V. ondansetron slow (30 sec) injection 0.1
mg/kg OR 0.2 mg/kg.
In study S3A40320, patients received three 0.15 mg/kg doses of
I.V. ondansetron, beginning 30 min prior to emetogenic
chemotherapy and at 4 and 8 hrs after the first dose

PK Sampling
Times

For determination of ondansetron plasma concentrations, blood
samples were collected at the following time points:
Study S3A40319: 0 (at end of slow injection), 1, 2, 4, 6 and 8 hrs
post-dose.
Study S3A40320: Pre-dose # 2, 2-5 min post-dose # 2, 0.5-1.5 hrs
post-dose # 2, 2-3 hrs post-dose # 2, pre-dose # 3, 2-5 min postdose # 3 & 12-24 hrs post-dose # 3
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Population Pharmacokinetic Analysis
The main objective of the population PK analysis was to develop a basic PK model that
would describe the population PK of ondansetron in pediatric cancer and surgical patients
aged 1 to 48 months. The initial model selected for this analysis was based on previous
experience with ondansetron. Following an assessment of intersubject variability and
residual error, the initial model was refined to the “base” model. Subsequent forwardaddition and backward-elimination of covariates in the base model resulted in the final
full model. Improvements to the model were assessed by the log likelihood ratio test (i.e.,
reduction in the objective function), improvements in the agreement between the
observed and the predicted ondansetron serum concentrations and improvement in plots
of the weighted residuals versus the predicted ondansetron concentrations and versus
time.
Results and Discussion
Table 2. Summary of the PK parameter estimates of the base and final Population PK
models
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Table 3. Median and 95% confidence intervals for ondansetron
PK parameters using the final population PK model

Table 4. Ondansetron PK parameter values predicted for the
typical patient aged 20.5 months and weighing 10.8 kg
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Table 5. Mean (95% confidence interval) PK parameters for ondansetron in adult
and pediatric cancer patients

Fig. 4. Weight-normalized ondansetron CL by type of patient and age

•

The PK of ondansetron in pediatric surgical and cancer patients were best
characterized by a two-compartment model with a constant-rate infusion and firstorder elimination.

•

The results of the population PK analysis indicate that weight was a significant
covariate for CL, V1 and V2, while age was only significant for CL.
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•

After adding weight and age to the model, the addition of other covariates such as
height, BSA, gender, race, pre-dose liver function tests and co-existing disease did
not improve the model, indicating that CL and V of ondansetron do not have a
relationship with those covariates.

•

The final model was validated using bootstrapping to estimate the confidence
intervals of parameters (Table 3). Weight normalized CL in pediatric surgical and
cancer patients aged 1 to 48 months was comparable to that observed in pediatric
cancer patients aged 4 to 18 years.

•

Based on the population PK analysis, cancer patients aged 6 to 48 months who
received I.V. Zofran doses of 0.15 mg/kg Q 4 hrs for 3 doses are expected to achieve
systemic exposure levels similar to those achieved in older cancer patients (4 to 18
years; study S3A-150) at similar doses (Table 5).

•

In pediatric cancer subjects aged 2 to 18 years (n=35), it was determined that the
AUC90 (AUC required to achieve a 90% response) was around 250 ng·h/mL
(Appendix C). In other words, pediatric cancer subjects with AUC0-∞ > 250 ng·h/mL
had the best opportunity for a complete response (i.e. no emetic episodes). A similar
exposure-response relationship was observed in study S3A40320, where at the
model-predicted AUC0-∞ values > 250 ng·h/mL (26% of patients), there was complete
control (no emetic episodes) in the majority of the subjects and only 2 patients had a
partial response (1 emetic episode each). When model-predicted AUC0-∞ values were
> 150 ng·h/mL (68% of the patients), only one subject was classified as a therapeutic
failure as they had more than one emetic episode and 9 subjects had partial responses
(1 emetic episode each).

•

Fig. 2. Number of emetic episodes vs. model-predicted AUC0-∞ in cancer patients
aged 6 to 48 months (study S3A40320)
The results of study S3A40323 (a randomized, double-blind, placebo-controlled,
multi-center study of I.V. ondansetron 0.1 mg/kg for the prevention of postoperative
emesis in pediatric surgical patients aged 1 to 24 months who are undergoing routine
surgery under general anesthesia) indicate that the proportion of patients who
experienced an emetic episode corresponded to a total of 28% placebo and 11%
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Zofran patients, which is similar to the findings of study S3A40319 where 10% of
Zofran patients experienced emesis.
•

Overall, pediatric surgical and cancer patients seem to have higher ondansetron CL
and shorter half-lives relative to adults. In patients aged 1 to 4 months however, a
longer half-life of ondansetron has been observed, mainly due to the higher volume of
distribution relative to older pediatric patients and adults (Fig. 4).
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Appendix C
Exposure-Response Relationship for
Ondansetron in Pediatric Cancer Patients
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Appendix D
PWR for Ondansetron
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Appendix E
Cover Sheet and OCPB
Filing/Review Form
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