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 1 Executive Summary 
The sponsor is seeking an approval of single oral dose of palonosetron hydrochloride 0.5 mg for the 
prevention of acute  nausea and vomiting associated with initial and repeat courses of 
moderately emetogenic cancer therapy (MEC).  Palonosetron is a 5-HT3 receptor antagonist and a single 
dose of 0.25 mg palonosetron for intravenous injection was approved in 2003  

 in addition to the prevention of acute nausea and vomiting associated 
with highly emetogenic cancer therapy.  The sponsor proposed to support the oral product by a single 
pivotal phase 3 trial based on the similar dose-response relationship between oral administration and 
intravenous administration observed in phase 2 and 3 trials.  In the single pivotal phase 3 trial, the non-
inferiority of oral administration of 0.25 mg, 0.5 mg and 0.75 mg compared to 0.25 mg IV administration 
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was demonstrated for the prevention of acute nausea and vomiting associated with initial course of MEC.  

 
   

 
1.1 Recommendations 
The clinical pharmacology and biopharmaceutics information was reviewed by the division of clinical 
pharmacology III and found acceptable provided 1) the DSI inspection currently scheduled in the week of 
11th of August finds the BE study acceptable and 2) a mutual agreement regarding the label language can 
be reached between the sponsor and the Agency.   

 
Should the proposed product of palonosetron be approved for the prevention of acute CINV, we 

recommend that the dose be reduced to 0.25 mg from the proposed 0.5 mg.  The dose of 0.25 mg was found 
to be effective and no dose-response relationship was demonstrated among the three dose levels of 0.25 
mg, 0.5 mg and 0.75 mg.  This recommendation is consistent with the finding that the absolute 
bioavailability of oral capsules was 97% and the approved dose for IV administration for the prevention of 
both acute and delayed CINV is 0.25 mg.   

 
If the clinical division determined that there was clinically meaningful efficacy for oral palonosetron in 

the prevention of delayed CINV based on the endpoint of Complete Response from 24hr to 120hr 
following chemotherapy (CR 24-120), we also recommend that the dose be reduced to 0.25 mg because no 
dose-response relationship was evident among the three dose levels of 0.25 mg, 0.5 mg and 0.75 mg for CR 
24-120.   

1.2 Phase IV Commitments 
None 

1.3 Summary of Clinical Pharmacology and Biopharmaceutics Findings  
In support of the new oral formulation of palonosetron HCl, included were the final study reports of nine 

phase 1 and 2 studies: oral ADME, dose-proportionality, single dose pharmacokinetics, bioavailability and 
bioequivalence studies, food effect and drug interaction studies, pharmacokinetics in CINV and PONV 
patients and in the healthy elderly subjects.   

 
  The single pivotal phase 3 study and an open-label phase 3 

safety study were submitted to support the efficacy and the safety of oral capsules of palonosetron. 
 
For some early phase 1 and 2 studies, the IV formulation was used as a drinkable oral solution for the body-
weight based doses while oral capsule formulation was used for later studies including phase 3 trials 
conducted for the fixed doses.   
 
PK characteristics 
After oral administration, palonosetron is well-absorbed with an absolute bioavailability of 97-100%.  The 
peak plasma concentrations are generally achieved within 4-6 hours and the Cmax and AUC after oral 
solution administration are generally dose-proportional over 1 to 80 μg/kg dose range in healthy subjects.  
Mean plasma half-life after oral dosing is approximately 40 hours in healthy subjects and 40-60 hours in 
CINV patients.  The systemic exposure to palonosetron was higher in cancer patients by about 26-86% in 
terms of AUC than in healthy subjects (Table 1). (It should be noted that the data in Table 1 were gathered 
from three separate studies.) 
 
Approximately 40% of orally administered palonosetron was cleared renally as unchanged drug and 
approximately 50% of palonosetron is metabolized.  Two primary metabolites M9 and M4 were excreted in 
the urine amounting to about 12.1% and 17.2% of the administered dose, respectively.  Estimates of renal 
clearance ranged from 4.06 to 6.29 l/h. 
 

(b) (4)(b) (4)
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Table 1. PK parameters for palonosetron after a single-dose administration in healthy subjects and cancer 
patients 

Dose Parameters Healthy  
Mean (SD) 

Cancer patients 
Mean (SD) 

0.25 mg1 Cmax (ng/ml) n/a 0.55 (0.23) 
capsule Tmax

2 (h) n/a 6 (1-47.4) 
 AUC∞ (ng·h/ml) n/a 34.2 (13.6) 
0.5 mg Cmax (ng/ml) 0.81 (0.16) 0.93 (0.34) 
capsule Tmax 1 (h)  5.0 (2-8)  3.5 (1-23.4) 
 AUC∞ (ng·h/ml) 38.2 (11.7) 49.7 (12.2) 
0.75 mg Cmax (ng/ml) 1.2 (0.32) 1.42 (0.36) 
capsule Tmax 1 (h)  4.5 (2-12) 4 (1-23.3) 
 AUC∞ (ng·h/ml) 58.3 (18.1) 103.3 (37.3) 

1 PK following a 0.25 mg dose capsule administration was not studied in healthy subjects.  The closest dose studied in healthy 
subject was 3 μg/kg which corresponds to 0.21 mg (70 kg BW) using an oral solution. 
2 median (min-max) 
 
The absolute bioavailability of palonosetron after 0.75mg oral capsule administration was 97%.  The Cmax 
of palonosetron after oral administration was 28% lower than after intravenous administration.  Following 
oral absorption, the elimination profile of palonosetron was similar to those after IV injection (Figure 1).  
 
Figure 1. Arithmetic mean concentration time curves for 0.75 mg capsule: formulations a (phase 3; b1) and 
b (to-be-marketed*; b2) and 0.75 mg IV palonosetron  

 
* Proportionally similar with the proposed to-be-marketed formulation for 0.5 mg strength 
 
Pharmacokinetic characteristics after oral administration of palonosetron HCl was studied only in white 
subjects except one phase 1 PK study in Japanese male subjects.  According to cross-study comparisons the 
25% higher apparent total body clearance of palonosetron was observed in Japanese males than in white 
males.  
 
The mean AUC of palonosetron is approximately 20-38% higher in females compared to males.  The mean 
AUC of a metabolite M9 was 10-30% higher in females but 15% higher in males than in females for the 
elderly.  The M4 exposure was variable and there was no consistent difference in M4 exposure by gender.  
No dosage adjustment based on gender is needed.   
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Following oral administration of 0.75 mg palonosetron under fasting, the mean AUC of palonosetron in 
elderly subjects aged over 65 years was similar to younger subjects aged 18-45 years and the mean Cmax 
was 13% lower than in the young.  There is no need for dosage adjustment in the elderly. 
 
The to-be-marketed formulation (TBM) was modified from a clinical trial formulation used in the phase 3 
trial and some phase 1 and 2 trials to improve the shelf-stability.  The total formulation change of  was 
agreed to be SUPAC-IR level 2 change in a previous communication with the Agency.  The bioequivalence 
between TBM and trial formulation was demonstrated in a two-way crossover in vivo bioequivalence study.  
The 90% confidence interval of point estimate ratio for AUC and Cmax fell within the bioequivalence 
criteria of 80-125% (table 2).   
 
Table 2. ANOVA CVs, point estimates, 90% confidence intervals for (log-transformed) palonosetron 
pharmacokinetic parameters; Bioequivalence Assessment (N=36 subjects) 

 
 
Concomitant antacid (Maloxx®) and high fat diet did not affect AUC and Cmax of palonosetron.  
Therefore, palonosetron can be taken without regard of meal intake. 
 
Exposure (Dose)-Response Relationship 
Efficacy- The dose of 0.25 mg was the lowest effective dose among doses studied in phase 3 trial for the 
prevention of acute CINV while the efficacy for the prevention of delayed CINV has not been demonstrated 
in a statistically meaningful manner and is still under discussion.   
 
In study 2332, dose-response relationship for efficacy over doses 0.3, 1, 3, 10, 30 and 90 μg/kg was studied 
in chemotherapy naïve patients who were scheduled to receive their first doses of highly emetogenic 
chemotherapy.  The primary endpoint was the proportion of patients with no emetic episodes and no rescue 
medication for a period of time i.e. 0-24 hours (CR 0-24) for acute CINV and 24-120 hours (CR 24-120) 
for delayed CINV after the initiation of chemotherapy.  Only CR 0-24 was collected in the phase 2 trial.  
The clinical response appeared to reach a plateau at a dose of 10 μg/kg (approximately 0.7 mg for 70 kg 
BW).  The dose-response relationship for CR 0-24 of oral administration was comparable for three high 
doses with IV administration while the lowest oral dose cohort had a higher CR 0-24 and 3 μg/kg oral dose 
cohort had a significantly lower CR 0-24 than IV administration (Figure 2).  The doses of 0.25 mg, 0.5 mg 
and 0.75 mg were chosen for the phase 3 trial since the efficacy of 0.25 mg was proven in the IV 
development program for moderately emetogenic chemotherapy (MEC) and the absolute BA of oral 
administration was greater than 90%.   
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NDA 22-233 original submission 
Review of Clinical Pharmacology  
 

 5

Figure 2: Comparison of complete response for 0-24 hours post-chemotherapy between oral and IV palonosetron 

 
 
In phase 3 study PALO-03-13, the non-inferiority of all three oral doses 0.25, 0.5 and 0.75 mg was 
demonstrated to 0.25 mg palonosetron IV administration for CR0-24 i.e. the prevention of acute nausea and 
vomiting associated with moderately emetogenic chemotherapy.  The percentage of patients with CR 0-24 
was 73.5%, 76.3% and 74.1% for 0.25 mg, 0.50 mg and 0.75 mg oral doses, respectively.  No dose-
response relationship among oral doses was observed, which was similar to observed after IV 
administration as dose-response between 0.25 mg and 0.75 mg IV administration was not observed for the 
same endpoint in previous study (NDA 21-372) (Figure 3).  On the other hand, none of three doses met the 
pre-specified non-inferiority criteria for the key secondary endpoint CR 24–120 i.e. the prevention of 
delayed CINV.  The sponsor conducted an exploratory post-hoc analysis for the CR 24-120 using a pooled 
historic data for IV administration to increase the comparator arm and based on the exploratory analysis 
proposes the dose of 0.5 mg as a recommended dose for the prevention of acute  CINV.  

 
 

    
 
The sponsor communicated with the Agency previously and proposed to support the NDA by a sole pivotal 
efficacy trial based on similar dose-response curves for oral and IV palonosetron over the doses.  As 
indicated above, the dose-response relationship of oral palonosetron was found to be similar to IV 
palonosetron for the prevention of acute CINV based on CR 0-24 and the dose of 0.25 mg was effective for 
the prevention of acute CINV   
Thus the dose of 0.25 mg is more appropriate than 0.5 mg for the prevention of acute CINV.  
 
Figure 3. Percentage of patients with CR0-24 after oral and IV administration 

 
Safety-The safety evaluations did not reveal dose-related increases in adverse events.   
Overall, palonosetron was well tolerated in phase 1 and 2 studies at single doses ranging from 0.1 μg/kg to 
90 μg/kg.  The most frequent adverse events were headache, constipation, abdominal pain, and transient 
elevation of liver enzymes, none of which appeared to be dose related.  Adverse events were generally mild 
to moderate in intensity, and all recovered without sequelae.  The most frequently occurred adverse events 
(AEs) in phase 3 studies were headache, constipation, diarrhea and dizziness as shown in the table below 
(Table 3).  The incidence of most frequently occurred AEs was comparable between oral administration 
and IV administration in phase 3 trial.  No significant differences in the incidence of AEs for the various 

(b) (4)
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oral doses were observed.  Overall, the safety evaluations for this group of studies did not reveal dose-
related increases in adverse events.  (For details, please see the clinical review by Dr. Nancy Snow of 
Division of Gastroenterology Products) 
 
A thorough QT study was conducted to evaluate the ECG effects of IV administered palonosetron at a 
single dose level of 0.25 mg, 0.75 mg or 2.25 mg in 221 healthy subjects.  The study demonstrated no 
significant effect on any ECG interval including QTc duration (cardiac repolarization) at doses up to 2.25 
mg. (the label of the Aloxi for injection, NDA 21-372 .   
 
Table 3. Adverse events occurred higher than 1% incidence in phase 3 studies 

 0.25 mg po 
N=157 

0.5 mg po 
N=161 

0.75 mg po 
N=375 

0.25 mg I.V. 
N=163 

constipation 7/4.5% 12/7.5% 29/7.7% 11/6.7% 
headache 19/12.1% 26/16.1% 58/15.5% 24/14.7% 
diarrhea 6/3.8% 9/5.6% 16/4.3% 11/6.7% 
dizziness 5/3.2% 4/2.5% 4/1.1% 1/0.6% 

2 Question-Based Review 

2.1 General Attributes of the drug 

2.1.1 What pertinent regulatory background or history contributes to the current assessment of 
the clinical pharmacology and biopharmaceutics of this drug? 
A single-dose of 0.25 mg Aloxi (palonosetron) for injection (NDA 21-372) has been approved for the 
prevention of acute and delayed CINV with moderately emetogenic chemotherapy and the prevention of 
acute CINV with highly emetogenic chemotherapy.  Based on that IV palonosetron was already approved 
the sponsor conducted one phase 3 pivotal efficacy trial (PALO 03-13) in total 639 patients (157-163 
patients for each dose cohort).  In addition, one repeat-cycle open label phase 3 trial (PALO 03-14) at 0.75 
mg dose was conducted for safety and sustained efficacy for the oral palonosetron.  At an End-of-Phase 2 
meeting, the Agency commented that the sponsor’s proposal may be sufficient if the dose-response 
relationship for the IV and oral formulations are similar and that to obtain approval for the prevention of 
acute  nausea and vomiting, efficacy must be shown in  the acute (0-24 hour)  

 intervals post-chemotherapy.  
 
Pharmacokinetic characteristics of palonosetron in subjects with mild, moderate and severe hepatic 
insufficiency or renal insufficiency was evaluated after IV administration.  No dosage adjustment based on 
hepatic or renal function is recommended in the label of Aloxi for injection.  Study in subjects with the 
end-stage-renal disease was not conducted.  A thorough QT study was conducted for doses of 0.25 mg, 
0.75 mg and a supra-therapeutic dose of 2.25 mg after IV administration.  These studies were submitted in 
support of IV formulation (NDA 21-372) and the results are currently reflected in the label of Aloxi for 
injection.  No additional studies were needed since the dose of oral palonosetron was covered in the 
previous TQT study and the Cmax after oral administration is expected to be lower than the IV 
administration for the same dose.  In vitro drug interaction studies and protein binding studies were 
conducted in support of IV formulation and reflected in the label of Aloxi for injection and the same 
labeling claim was proposed for the oral product.  
 

2.1.2 What are the highlights of the chemistry and physical-chemical properties of the drug 
substance, and the formulation of the drug product as they relate to clinical pharmacology 
and biopharmaceutics review? 

 
Chemically, palonosetron hydrochloride is: (3aS)-2-[(S)-1-azabicyclo[2.2.2]oct-3-yl]-2,3,3a,4,5,6-
hexahydro-1-oxo-1Hbenz[de] isoquinoline hydrochloride (Figure 4).  The empirical formula is 

(b) (4) (b) 
(4)

(b) (4)(b) (4) (b) (4)
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C19H24N2O.HCl, with a molecular weight of 332.87 g/mole.  Palonosetron hydrochloride exists as a 
single isomer and has the following structural formula: 
 

 
Figure 4. Structure of palonosetron hydrochloride 
 
The bioequivalence between the phase 3 trial formulation and the to-be-marketed formulation was 
demonstrated in an in vivo BE study.  
For oral administration of palonosetron HCl, three different formulations were used during the clinical 
development program.  For early phase 1 and 2 dose-escalation studies, palonosetron was administered as a 
oral solution using IV formulations either a phosphate-buffered saline based formulation with pH 7 by 
Syntex or a citrate-buffered aqueous formulation with pH 5 by Helsinn.  For phase 3 trials and some phase 
1 and 2 trials, liquid-filled oral softgel capsules were used.  The liquid formulation in the capsule was 
solution using a mono- and di-glyceride of capryl/capric acid  as a (Table 4).  For 
the marketing, the level of  was reduced from  and  
mono- and di-glycerides was increased from  from that of the phase 3 clinical trials 
softgel capsule formulation to optimize shelf-life stability.  The bioequivalence between the phase 3 trial 
formulation and the to-be-marketed formulation was demonstrated by in vivo BE study.   
 
Table 4. Composition of the trial formulation and the to-be-marketed formulation 

 

(b) (4) (b) (4)

(b) (4)   (b) (4)
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2.1.3 What are the proposed mechanism(s) of action and therapeutic indication(s)? 
 
Palonosetron HCL is a potent serotonin receptor subtype 3 (5-HT3) antagonist.  Cancer chemotherapy may 
be associated with a high incidence of nausea and vomiting, particularly when certain agents, such as 
cisplatin, are used.  5- HT3 receptors are located on the nerve terminals of the vagus in the periphery and 
centrally in the chemoreceptor trigger zone of the area postrema.  It is thought that chemotherapeutic agents 
produce nausea and vomiting by releasing serotonin from the enterochromaffin cells of the small intestine 
and that the released serotonin then activates 5-HT3 receptors located on vagal afferents to initiate the 
vomiting reflex.  
 
This NDA is filed in support of oral palonosetron HCL at a dose of 0.50 mg, for the prevention of acute  

 nausea and vomiting associated with initial and repeat courses of moderately emetogenic 
chemotherapy.  The proposed dosage administration is to take a single-dose of 0.5 mg palonosetron HCL at 
an hour prior to the initiation of chemotherapy.   
 

2.2 General Clinical Pharmacology 

2.2.1 What are the design features of the clinical pharmacology and clinical studies used to support 
dosing or claims? 
In early phase 1 and phase 2 trials, the weight-based doses ranged from 0.3 to 90 μg/kg were given using an 
oral solution.  The weight based doses were converted to fixed dose increments using oral capsule 
formulation for all subsequent clinical trials including phase 3 trials. 
 
Phase 1 
Study PALO-03-07 was conducted in 6 healthy Caucasian males (age 30-54 years) to define the mass 
balance and the metabolic profile of palonosetron given as a single oral dose of 0.75 mg [14C]-palonosetron.  
The PK profile of the palonosetron and M9 metabolite was evaluated in plasma and urine.  Whole blood 
and plasma concentrations of total radioactivity and cumulative excretion of radioactivity in urine and feces 
were evaluated.  
 
Study 2236 was a dose-escalating randomized, double-blind, placebo-controlled study to determine the 
safety and PK of a single ascending oral dose of palonosetron in healthy Caucasian males (age 19 to 45 
years).  Groups of six subjects received a single oral dose of 3, 10, 20, 40, or 80 μg/kg palonosetron or 
placebo.  Blood samples were collected 30 minutes pre-dose and up to 168 hours post-dose.   
 
Study 0101 was a double-blind, placebo-controlled, ascending dose study conducted to determine the 
safety and PK of oral palonosetron in Japanese.  Thirty-two healthy Japanese males aged 20 to 32 years, 
were enrolled in the study and received a single oral dose of 3, 10, 30, or 90 μg/kg, or placebo.  Serial 
blood and urine samples for pharmacokinetic analysis were collected at scheduled intervals of time before 
dosing up to 168 hours post-dose.  
 
Study PALO-04-04 was a randomized, open-label, three-way crossover study conducted in 36 healthy 
Caucasian subjects (male and female, age 18-45 years) to assess bioequivalence between clinical trial 
formulation and the to-be-marketed formulation and to assess the absolute bioavailability of the two 
formulations in comparison with palonosetron IV at 0.75 mg strength.  The blood samples for PK analysis 
were collected up to 240 hours.   
 
Study PALO-06-16 was a two-way crossover in-vivo bioequivalence study between the to-be-marketed 
formulation and clinical trial formulation at 0.50 mg strength.  Thirty six healthy Caucasian subjects (18 
males, 18 females, age 18-45) were enrolled and completed the trial and blood samples were collected up to 
120 hours.  
 

(b) 
(4)
(b) 
(4)
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In study PALO 04-02 the effect of a high fat meal and antacid administration on the PK profile of a single 
oral dose of 0.75 mg palonosetron in healthy Caucasian volunteers aged 18-45 years was evaluated in a 
single-center, randomized, three-way crossover study.  Under fed condition, a standard high fat meal was 
ingested followed by palonosetron administration within 30 min.  Antacid was taken 5 min prior to the drug 
administration.  Because at the time of the study, phase 3 trial was on-going, the sponsor chose the highest 
dose for the study.   
 
In study PALO 04-01, the PK profile of a single oral dose of 0.75 mg palonosetron in healthy Caucasian 
elderly subjects over 65 years of age was evaluated under fasting condition and compared with the PK 
parameters of younger subjects obtained under fasting condition from PALO-04-02. 
 
Phase 2  
Study 2332 was a randomized, double-blind, dose ranging study to evaluate the efficacy, safety, and 
pharmacokinetics of five oral doses of palonosetron in the prevention of CINV following highly 
emetogenic chemotherapy.  Doses ranged from 0.3 μg/kg to 90 μg/kg (corresponding to fixed doses of 
approximately 0.025 mg to 6.25 mg) were studied subjects who were chemotherapy-naive with 
histologically proven cancer.  Palonosetron (IV formulation by Syntex) was administered orally 30 minutes 
before the start of scheduled chemotherapy and dispensed in dosing cups diluted to a total volume of 25 ml 
by adding sterile water. The dosing cup was rinsed with an additional 25 ml of sterile water and this 
volume was swallowed.  A total of 169 subjects (107 males and 62 females, aged 27 to 83 years) were 
enrolled and serial blood samples were collected from a subset of 41 patients at 30 minutes pre-dose and 
through to 168 hours post-dose. 
 
Study 04-03 was conducted in Romania to assess the PK profile including dose proportionality of three 
doses (0.25 mg, 0.50 mg, and 0.75 mg, clinical trial formulation) of palonosetron in 36 cancer patients (age 
33-75 years; 26 males, 10 females; 12 subjects per dose level) receiving moderately emetogenic 
chemotherapy under fasting conditions.  The patients were treated with the single palonosetron dose on 
Day 1, 60 minutes prior to moderately emetogenic chemotherapy. In addition, all patients received 8 mg of 
IV dexamethasone on Day 1, 30 minutes before chemotherapy (for patients receiving paclitaxel, doxetaxel 
or pemetrexed, 20 mg IV dexamethasone could be used instead of 8 mg).  Blood samples for PK analysis 
were collected at pre-dose and up to 192 hours post-dose at pre-determined interval (1, 2, 3, 4, 5, 6, 7, 24, 
48, 72, 96, 168, and 192 hours). 
  
Phase 3  
In study PALO-03-13, subjects received a single oral dose of 0.25 mg, 0.50 mg or 0.75 mg 60 minutes 
before the start of moderately emetogenic chemotherapeutic agent or an IV dose of 0.25 mg palonosetron 
30 minutes before moderately emetogenic chemotherapy (30 seconds bolus) as active control in a 
randomized, balanced, parallel group, double-dummy and stratified design. Randomization was stratified 
by gender and previous chemotherapy history (naïve or non-naïve to cancer chemotherapy) producing four 
strata.  Total 639 patients were randomized and 157-163 patients were treated under each dose cohort.  
Each subject was randomized in balanced fashion (1:1:1:1) to receive one of the four treatments following 
an adaptive randomization algorithm which considered the strata. In each group, half of the subjects were 
randomized to receive 8 mg IV dexamethasone and the other half to receive IV saline solution as placebo 
for dexamethasone, on Day 1. The trial was a non-inferiority study versus approved IV palonosetron 0.25 
mg.   
 
Study PALO-03-14 was an open-label, uncontrolled study to evaluate mainly safety and additionally 
continued efficacy after multiple cycles at 0.75 mg dose. A single-dose palonosetron in clinical formulation 
was given 60 minutes before the start of the first moderately emetogenic chemotherapy and this treatment 
could be repeated up to a maximum of 4 consecutive cycles with 7 days of interval between each cycle.   

2.2.2 What are the clinical endpoints measured in clinical pharmacology and clinical studies? 
For phase 3 trials, the primary efficacy endpoint was the proportion of subjects with complete response (CR 
0-24), defined as no emetic episode or retching during the first 24 hours after chemotherapy.  Key 
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secondary efficacy endpoint was the proportion of subjects with complete response (CR 24-120) for the 24-
120 hour interval after chemotherapy.  Other secondary efficacy endpoints included, among others, severity 
of nausea (4-point Likert scale), the time to the first emetic episode; time to administration of rescue 
therapy; time to treatment failure (either first emesis or need for rescue medication, whichever occurred 
first); proportion of subjects with complete control (CC) of emesis, defined as no emesis, no rescue 
medication and only mild or no nausea; and global rating of satisfaction. 
 
For the phase 2 trial 2332, only CR 0-24 was measured not CR 24-120 because preventive anti-emetic 
medications were allowed after 24 hours at principle investigators’ discretion.  

2.2.3 Are the active moieties in the plasma appropriately identified and measured to assess 
pharmacokinetic parameters and exposure response relationships? 
Palonosetron was the main active moiety and measured in plasma by adequately validated bioanalytical 
assay methods and one of primary metabolites, M9 was measured in study 2332.  The contribution of 
metabolites to response was not expected to be significant because the pharmacological activity of primary 
metabolites was reported to be less than 1% of palonosetron (the label of Aloxi for injection) and the 
systemic exposure was less than 20% of palonosetron.    

2.2.4 Exposure-Response Evaluation 

2.2.4.1 What are the characteristics of the exposure (dose)-response relationships for efficacy?   
In phase 2 study (study 2332), dose-response relationship for efficacy was studied in chemotherapy naïve 
patients who were scheduled to receive their first doses of highly emetogenic chemotherapy e.g. cisplastin 
(>- 70 mg/m2) or cyclophosphamide (>1100 mg/m2).  All patients included in efficacy analysis were 
received cisplastin-based chemotherapy while all patients were included in safety analysis.  
 
Reviewer’s comments: The proposed indication is the prevention of CINV associated with moderately 
emetogenic chemotherapy. 
 
Twenty-six to 35 patients were treated with one of the doses of 0.3, 1, 3, 10, 30 and 90μg/kg.  Because the 
lowest dose of 0.3 μg/kg was discontinued during the study due to apparent lack of efficacy, its results were 
combined with 1 μg/kg dose cohort.  For analysis purposes, the efficacy of each dose was compared with 
the efficacy of the lowest dose (the combined cohort of patients treated with 0.3 or 1 μg/kg).  The clinical 
response appeared to reach a plateau at a dose of 10 μg/kg (corresponding to 0.7 mg for 70 kg BW) and the 
clinical response at 10 μg/kg was higher than two lower dose cohorts, 0.3-1 μg/kg and 3 μg/kg 
(corresponding to 0.21 mg for 70 kg BW) (Figure 2 in page 4).  The doses of 0.25 mg, 0.5 mg and 0.75 mg 
were chosen for the phase 3 trial since the efficacy of 0.25 mg was proven in the IV development program 
for moderately emetogenic chemotherapy (MEC) and the absolute BA of oral administration was greater 
than 90%.   
 
In phase 3 study PALO-03-13, the percentage of patients with CR 0-24 after moderately emetogenic 
chemotherapy was 73.5%, 76.3% and 74.1% for 0.25 mg, 0.50 mg and 0.75 mg oral doses, respectively 
(Figure 3 in page 5).  All three oral doses 0.25, 0.5 and 0.75 mg for CR 0-24 was shown to be non-inferior 
to 0.25 mg palonosetron IV administration.  Nonetheless, the dose-response relationship among 0.25 mg, 
0.5 mg and 0.75 mg was not evident.  For the prevention of delayed CINV as defined by CR 24-120, none 
of the three doses met the pre-specified non-inferiority criteria to 0.25 mg IV administration.   

 
(For details, please, see the clinical review by Dr. 

Nancy Snow in Division of Gastroenterology Product).   
 
In general, males showed a higher response CR 0-24 rate than females and in male patients, there was a 
slight increase in the percentage of patients with CR 0-24 with increasing dose (87.5%, 90.5% and 93.2% 
respectively for 0.25 mg, 0.50 mg and 0.75 mg), but not as consistently for CR 24-120.  In female patients, 

(b) (4)
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no dose dependence was evident regarding the percentage of patients with CR; all treatment groups had 
similar CR 0-24 and 24-120.  
 
The sponsor proposes to support the NDA by the sole pivotal efficacy trial considering similar dose-
response curves for oral and IV palonosetron over the doses and similar ADME of palonosetron between 
oral and IV administration as clinical safety and efficacy data of Aloxi for injection (NDA 21-372) are 
substantially applicable to oral palonosetron. 
 
Reviewer’s comments:  Please, see the section 2.2.4.4. for discussion 
 
2.2.4.2. What are the characteristics of the exposure-response relationships (dose-response, 
concentration-response) for safety?  
For details, please, see the clinical review by Dr. Nancy Snow in Division of Gastroenterology Product.  
Overall, palonosetron was well tolerated in phase 1 and 2 studies at single doses ranging from 0.1 μg/kg to 
90 μg/kg.  The most frequent adverse events were headache, constipation, abdominal pain, and transient 
elevation of liver enzymes, none of which appeared to be dose related.  Adverse events were generally mild 
to moderate in intensity, and all recovered without sequelae.   
 
The most frequently occurred AEs in phase 3 study were constipation, headache, diarrhea and dizziness as 
shown in the table below.  The incidence of most frequently occurred AEs was comparable between oral 
administration and IV administration in phase 3 trials (Table 4).  No significant differences in the incidence 
of AEs over various doses were observed.  Notably, PALO 03-14 an open-label safety study, the incidence 
of AEs was decreased with repeat chemotherapy.  
Table 4. Adverse events occurred higher than 1% incidence in phase 3 studies: PALO 03-13 and PALO 03-
14 

 0.25 mg po 
N=157 

0.5 mg po 
N=161 

0.75 mg po 
N=375 

0.25 mg I.V. 
N=163 

constipation 7/4.5% 12/7.5% 29/7.7% 11/6.7% 
headache 19/12.1% 26/16.1% 58/15.5% 24/14.7% 
diarrhea 6/3.8% 9/5.6% 16/4.3% 11/6.7% 

dizziness 5/3.2% 4/2.5% 4/1.1% 1/0.6% 

 
When combined with phase 2 and phase 3 trials, the incidence of AEs and SAEs was higher for doses  
> 0.75 mg and < 0.25 mg compared to doses 0.25 mg, 0.5 mg and 0.75 mg (Table 5).   
 
Table 5. The incidence of any adverse events in phase 2/3 trials 

Dose* <0.25mg 
 

0.25 mg 
 

0.5 mg 
 

0.75 mg 
 

> 0.75mg 
 

Total 
 

0.25 mg IV 
palonosetron 
 

SAEs 25.8% 
(8/31) 

5.4% 
(11/203) 

5.5% 
(10/339) 

3.6% 
(15/414) 

16.2% 
(11/68) 

6.1% 
(55/898) 

0.6% 
(1/163) 

Any 
AEs 

74.2% 
(23/31) 

54.7% 
(111/203) 

51.6% 
(94/339) 

54.1% 
(224/414) 

79.4% 
(54/68) 

56.3% 
(506/583) 

47.9% 
(78/163) 

*Body-weight based doses in phase 2 were converted to fixed doses  
( ): number of patients with AE/total number of patients 
 
Reviewer’s comments: The doses  <0.25 mg and >0.75 mg were studied exclusively for highly 
emetogenic chemotherapy in chemotherapy naïve patients whereas doses 0.25 mg, 0.5 mg and 0.75 mg 
were studied mainly for moderately emetogenic chemotherapy in both chemotherapy naïve and non-naïve 
patients..  
 
A thorough QT study demonstrated no effect of palonosetron on ECG of IV administration of 0.25 mg, 
0.75 mg and 2.25 mg (the label of Aloxi for injection; NDA 21-372/S008). 
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2.2.4.4 Is the dose and dosing regimen selected by the sponsor consistent with the known relationship 
between dose-concentration-response? 
The dose-response relationship of oral administration for the prevention of CINV in acute phase was found 
to be similar for CR 0-24 to IV administration.   
 
In phase 2 study (study 2332), the dose-response relationship for CR 0-24 at the three higher doses was 
similar between oral and IV palonosetron while at the two lowest doses it seemed different.  The sponsor 
noted an unexpectedly high response rate for the lowest 0.3-1 μg/kg dose cohort and it also seems that the 3 
μg/kg had unexpectedly lower response rate compared to other dose cohorts.  The percentage of free from 
emetic episodes up to 12hr post-dose was similar between the two low doses (69.2% for 0.3-1μg/kg and 
71.9% for 3 μg/kg) while it was 88.6%, 80% and 84.8% for 10, 30, and 90 μg/kg, respectively.  On the 
other hand the percentage of free from emetic episodes for the 3 μg/kg dose cohort dropped significantly to 
25% between 12 to 24h while for other doses including the lowest dose cohort the percentage was 46.7 to 
57.6%.  This was unlikely due to pharmacokinetics since the plasma concentration of PAL at 24 h obtained 
from a subset of patients increased generally in a dose-proportional manner.  Rather the difference in 
gender distribution in subjects may have contributed to either unexpected high or low response rate in two 
lower doses.  The 3 μg/kg dose cohort had more females (52%) while the lowest dose 0.3-1 μg/kg dose 
cohort had a significantly less females (19%) compared to other dose cohorts (38-42%) and about 20% 
higher response rate in males than in females for all treatments was observed in phase 3 study.  
Furthermore, the response rate at 0.25 mg oral administration was comparable with IV administration 
within a study and across studies rendering the difference of the response rate at 3 μg/kg between oral 
administration and IV administration insignificant (Table 6).    
 
Table 6. Patients with complete response by gender during 0-24 and 24-120 after start of chemotherapy 

 Oral 
Palonosetron 
0.25 mg 
(n=155) 

Oral 
Palonosetron 
0.50 mg 
(n=160) 

Oral 
Palonosetron 
0.75 mg 
(n=158) 

I.V. 
Palonosetron 
0.25 mg 
(n=162) 

CR 0-24 
(95% CI) 
Total 73.5% 

(65.8-80.2) 
76.3%  
(68.8-82.5) 

74.1% 
(66.4-80.5) 

70.4% 
(62.6-77.1) 

Male 87.5% 
(72.4-95.3) 

90.5%  
(76.5-96.9) 

93.2% 
(80.3-98.2) 

82.2% 
(67.4-91.5) 

Female 68.7%  
(59.3-76.8) 

71.2% 
(62-79) 

66.7% 
(57.1-75) 

65.8% 
(56.4-74.2) 

CR 24-120 
(95% CI) 
Total 59.4%  

(51.2-67.1) 
62.5% 
(54.5-69.9) 

60.1% 
(52-67.7) 

65.4% 
(57.5-72.6) 

Male 72.5% 
(55.9-84.9) 

85.7% 
(70.8-94.1) 

77.3% 
(61.8-88) 

75.6% 
(60.1-86.6) 

Female 54.8% 
(45.3-64) 

54.2% 
(44.8-63.4) 

53.5% 
(44-62.8) 

61.5% 
(52.1-70.2) 

 
The proposed dose for prevention of acute  CINV is 0.5 mg based on the analysis that 0.5 mg 
met the pre-specified non-inferiority criteria to 0.25 mg IV administration while dose of 0.25 mg is the 
lowest effective dose for prevention of acute CINV.  However, 0.5 mg dose met the criteria only after post-
hoc exploratory analysis by combination of historic IV controls to increase a number of subjects in a 
comparator arm (For details, please see the clinical review by Dr. Nancy Snow).  As such for the efficacy 
of oral palonosetron for the prevention of delayed CINV has not been demonstrated in a statistically 
meaningful manner and the dose of 0.25 mg is appropriate for the prevention of acute CINV as an effective 
dose.   
 

(b) (4)(b) (4)
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2.2.5 Pharmacokinetic Characteristics 

2.2.5.1 What are the PK characteristics of the drug and its major metabolite? 
The pharmacokinetic profile of palonosetron is characterized by a rapid initial decline of plasma 
concentration following single intravenous doses, with secondary peaks observed in some subjects 
approximately two to four hours post-dose.  After oral dosing, the peak plasma concentrations were 
achieved between three and six hours and the plasma concentrations of palonosetron-time profile after 
Tmax was almost superimposable to the IV profile (Figure 5A and 5B).  The mean half-lives are of the 
order of 40 hours in healthy volunteers and ranged 40-60 hours in patients.  In dose-escalation studies using 
oral solution, plasma concentrations of palonosetron generally increased proportionally with doses over the 
range of 0.3 to 80 μg/kg for Cmax and AUC after oral administration (Table 7).  No significant evidence of 
changes in clearance or volume of distribution with increasing dose was seen. 
 
Figure 5A. Plasma concentration of Palonosetron-time profile following a single-dose of 0.75 mg oral palonosetron by 
the trial formulation (b1) and the to-be-marketed formulation (b2) and 0.75 mg IV palonosetron (b3)  

.  
Figure 5B. Plasma concentration of Palonosetron-time profile following a single-dose of 0.75 mg oral palonosetron by 
the trial formulation (b1) and the to-be-marketed formulation (b2) and 0.75 mg IV palonosetron (b3) over 24 hours 
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Table 7. Summary of PK parameters of palonosetron following a single administration in dose-escalating studies in 
white (study 2236) and Japaneses (study 0101) using oral solution 

 

 
 
In oral ADME study (Study PALO-03-07) concentrations of total radioactivity after administration of 0.75 
mg [14C] palonosetron in whole blood generally paralleled those in plasma.  The total radioactivity 
recovered in the urine accounted for a mean of 90.3% (range 85 to 93%) of the administered dose over a 
period of 288 hr post-dose and the excretion of the total radioactivity via faces accounted for a mean of 
5.9% (range 4.4-8%) of the administered dose over a period of 240 hr post-dose.  Mean recovery of total 
radioactivity was 96.1% with a range of 92.9 to 98.7%.  There are two principal biotransformation routes, 
oxidation at the nitrogen to form the N-oxide metabolite, M9, and hydroxylation to form 6-S-hydroxy-
palonosetron metabolite, M4.  The mean total amount of palonosetron and M9 recovered in urine over the 
collection period of 144 hours corresponds to 41.1% and 12% of the administered dose, respectively.  The 
mean total amount of M4 recovered in the urine was 17% of the administered dose (Table 8).  These 
metabolites have about 1% of pharmacologic activity of the parent drug tested by 5-HT3 antagonism 
activity in an ileal guinea pig model.  Therefore, the contribution of the metabolites to the overall efficacy 
of oral palonosetron is negligible.  
 
Table 8. Radio-HPLC summary table of metabolites present in the urine (0-144h) following a single oral administration 
of 0.75 mg [14C] palonosetron in Caucasian males   

 
 
. In plasma, a higher pre-systemic metabolism was indicated by higher exposure of M9 and M4 after oral 
administration and a shorter time to achieve the peak concentration of M9 and M4 after oral administration 

BEST AVAILABLE COPY
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than after IV administration (Table 9, Figure 11).  The systemic exposure of M9 was 94% higher in terms 
of AUCt and 10% higher for Cmax after oral administration than after IV administration.  On the other 
hand, mean Cmax of M4 was 37% higher while mean AUCt of M4 remained unchanged after oral 
administration.   
 
Reviewer’s comment: The shorter tmax and higher Cmax of M9 suggested that the pre-systemic intestinal 
metabolism occurs after oral administration.  Although increase in Cmax of and AUC, the overall systemic 
exposure to M9 remained less than 10% of palonosetron.  In addition, according to the label of Aloxi for 
injection, after a single intravenous dose of 10 μg/kg [14C]-palonosetron, approximately 80% of the dose 
was recovered within 144 hours in the urine with palonosetron representing approximately 40% of the 
administered dose and approximately 50% metabolized to form two primary metabolites.  Similarly after 
oral administration of 0.75 mg [14C]-palonosetron, about 40% of the administered total radioactivity was 
recovered in the urine as unchanged palonosetron.  This suggests that the pre-systemic metabolism in the 
intestine is not significant. Therefore, the drug-drug interaction potential via pre-systemic metabolism 
appears to be lower. 
 
Table 9. Mean (SD) of PK parameters for palonosetron and metabolites after oral and iv administration of palonosetron 

  0.75 mg Oral  
Trial formulation 

0.75 mg Oral  
To-be-marketed 
formulation 

0.75 mg IV 
Administration 
(3X 0.25mg IV Aloxi)  

PAL AUCt (ng h/L)  53835 (17961) 55235 (17817) 53088 (15233) 
 AUC∞(ng h/L) 57403 (17898) 58285 (18110) 56480 (15343) 
 Cmax(ng/L) 1224 (348) 1200 (324) 1665 (528) 
 Tmax* (h) 4.5 (2-8) 4.8 (2-12) 0.25 (0.25-4) 
M4 AUCt (ng h/L)  2336 (1499) 2365 (1529) 2275(1671) 
 Cmax(ng/L) 121.7(40.7) 115.3(36.7) 94.9(23.0) 
 Tmax* (h) 4.7 (2.5-12) 4.5 (2-24) 12 (5-24) 
M9 AUCt (ng h/L)  3817 (1569) 3855 (1397) 3443 (1249) 
 AUC∞(ng h/L) 4850 (2105) 4783 (1574) 4426 (1300) 
 Cmax(ng/L) 175.6 (91.6) 170 (68.7) 90.8 (31.2) 
 Tmax* (h) 2.5 (1.5-5.6) 2.0 (1.5-5) 4.5 (2-12) 

* median (min-max) 
 
Figure 11. Mean Concentration Time Curves of major metabolites, M9 and M4 for 0.75 mg Capsule: Trial formulation 
(b1) and to-be-marketed* (b2) and 0.75 mg IV palonosetron (b3) 
 
     M9        M4 

 
* Proportionally similar formulation with the proposed to-be-marketed formulation for 0.5 mg strength 
 
2.2.5.3. What are the single dose and multiple dose PK parameters? 
 
Following a single administration of 0.5 mg and 0.75 mg palonosetron in the to-be-marketed formulation in 
healthy subjects, the Cmax was 810 ± 166 pg/ml and 1200 ± 324 pg/ml, respectively and median Tmax was 
4-5 hours (Table 10, 11).  The mean AUC was 38.2 ± 11.7 ng·h/ml and 55.2 ±17.8 ng·h/ml after 0.5 mg and 
0.75 mg dosing, respectively.  Pharmacokinetics for 0.25 mg dose using oral capsule was evaluated only in 
cancer patients not in healthy subjects.   
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Multiple dose PK was not studied in support of oral administration of palonosetron but was conducted for 
IV administration.  According to the label for Aloxi for injection, following IV administration of 
palonosetron 0.25 mg once daily for 3 days in 12 healthy subjects, the mean (± SD) increase in plasma 
palonosetron concentration from Day 1 to Day 3 was 110 ±45%  

 
Reviewer’s comments: Because palonosetron will be given as a single-dose prior to chemotherapy 

regimen, a lack of multiple-dose PK is not considered a major deficiency.  Nonetheless, it is noted that the 
sponsor proposed the use of oral palonosetron for repeated chemotherapy and conducted an open-label 
safety and efficacy study for up to 4 cycles of chemotherapy with 7 day-interval between cycles.  With the 
mean half-life about 40-60 hours for palonosteron, the majority of palonosteron is expected be eliminated 
from the body during 7 day dosing interval for chemotherapy.   
 
Table 10. Summary of PK parameters of palonosetron following 0.5 mg oral administration of capsule formulation  

 
Form A: trial formulation; Form B: To-be-marketed formulation 
 
Table 11. Summary of PK parameters of palonosetron following 0.75 mg oral administration of capsule formulation  
 

 
 

2.2.5.3 How does the PK of the drug and its major active metabolites in healthy volunteers compare 
to that in patients? 

 
Following a single-dose administration of oral palonosetron, the systemic exposure in patients was 
generally dose-proportional over 0.3-90 μg/kg dose range (study 2332) (Table 12,13).  The total body 
clearance in the cross-study comparison, the clearance was generally lower in patients (1.12-1.78 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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ml/min/kg) than in healthy subjects (2.61-2.83 ml/min/kg).  Following 0.5 mg and 0.75 mg administration 
mean AUC was 28% and 86% higher in cancer patients, respectively and mean Cmax was 14% and 22% 
higher in cancer patients, respectively (Table 14).  The median tmax ranged from 3.5 -6 hours.  The mean 
half-life of palonosetron was 50 and 48 hours for the dose of 0.25 mg and 0.5 mg, respectively and it was 
64 ± 35 hours after 0.75 mg palonosetron oral administration.   
For metabolites, the mean ratio of AUCt of M9 to palonosetron was 5.6-7.7% with individual values 
ranging between 1.52 and 15.02%.  For doses of 0.5 and 0.75 mg, the mean ratio of AUCt of M4 to 
palonosetron was 9.4 % with individual values ranging between 0.5 to 23%. Concentrations of M4 were not 
measurable in most patients receiving 0.25 mg and when measurable were highly variable.  The 
biotransformation to M4 and M9 was generally similar between in healthy subjects and patients.   
 
Reviewer’s comments: The plasma concentrations of M4 were calculated using a standard curve of M9 
due to unavailability of a reference standard at the time of analysis and subsequently converted to M4 
using a detector response ratio between M4 and M9.  Because QC was not performed for M4 assay during 
the run, the M4 measurements for study PALO 04-03 were not adequately validated.   
 
Table 12. Summary of PK parameters of palonosetron after a single-dose administration of oral solution in 
cancer patients who received highly emetogenic chemotherapy 

 
 
 
Table 13. Summary of PK parameters of palonosetron after a single-dose administration of oral capsules in 
cancer patients who received a moderately emetogenic chemotherapy 

 
 
Reviewer’s comment: In study 2332, the total body clearance appeared to be lower and the half-lives 
were longer than in PALO 04-03. Studies 2332 and PALO 04-03 conducted in patients differed for 

BEST AVAILABLE COPY
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bioanalytical assay (LC/MS for 2332 and LC/MS/MS for PALO 04-03), dosage form (oral solution for 2332 
and capsule LC/MS/MS) and the region of study (US versus Romania).  Because of these differences, the 
cross-study comparison has a limited value.  
Table 14. Cross-study comparison for PK parameters of palonosetron in healthy subjects and cancer patients 

Dose1 Parameters Healthy 
Mean (SD) 

Cancer patients 
Mean (SD) 

Ratio of 
Mean  

3 μg/kg  Cmax (ng/ml) 0.422 (0.085) 0.423 ( 0.28) 1 
solution AUC∞ (ng·h/ml) 18.6 (5.34) 37.2  (15.8) 2 
0.5 mg Cmax (ng/ml) 0.81 (0.16) 0.93 (0.34) 1.14 
capsule AUC∞ (ng·h/ml) 38.2 (11.7) 49.65 (12.2) 1.26 
0.75 mg Cmax (ng/ml) 1.2 (0.13) 1.42 (0.36) 1.22 
capsule AUC∞ (ng·h/ml) 58.3 (18.1) 103.3 (37.3) 1.86 

1 Data from study 2236 (3 μg/kg for healthy subjects, male only), study 2332 (3 μg/kg for patients), PALO 06-16 (0.5 mg for 
healthy subjects), study PALO 04-04 (0.75 mg for healthy subjects), PALO 04-03 (0.5 mg, 0.75 mg for patients) 
 
Reviewer’s comment:It was noted that two subjects in PALO 04-03 study appeared to have a lag time of 
2-4 hours for unexplained reasons (subjects 150 and 160).  It was also noted that some patients had long 
half-lives greater than 100 hours.  This could be in part due to insufficient sampling duration or assay 
sensitivity indicated by greater than 20 % difference of AUC∞ and AUClast. 
 
2.3 Intrinsic Factors 

2.3.1 What intrinsic factors (age, gender, race, weight, height, disease, genetic polymorphism, 
pregnancy, and organ dysfunction) influence exposure (PK usually) and/or response and what is the 
impact of any differences in exposure on efficacy or safety responses? 
Renal insufficiency and hepatic insufficiency 
No dosage adjustment is currently recommended for patients with mild to moderate hepatic impairment or 
renal impairment in the current labeling of Aloxi for injection.  Study was not done for subjects with the 
end-stage renal impairment.   
 
CYP2D6 polymorphism 
Clinical pharmacokinetic parameters are not significantly different between poor and extensive 
metabolizers of CYP2D6 substrates (the label of Aloxi for injection).  
 
Age 
The only special population study performed during the oral development program was an evaluation of 
palonosetron PK in healthy elderly subjects.  The pharmacokinetics of palonosetron and M9 in elderly 
subjects are similar to young subjects after oral administration of the softgel capsule, however, Cmax 
appears slightly lower by 13% in the elderly (Figure 12, Table 15). Exposure to M9 is approximately 12% 
of the parent drug in both populations.  M4 concentrations appear somewhat higher in the elderly compared 
to young subjects; M4 exposure in elderly subjects is slightly less than 4% while it is essentially 
immeasurable in young subjects (04-02 subjects).  No dosage adjustment for age is necessary.  
 
Table 15. Point estimate of PK parameters of elderly/young and associated 90% CI for palonosetron 

 
Test: 0.75 mg palonosetron given under fasting condition to the elderly 
Reference: 0.75 mg palonosetron given under fasting condition to the young 
 
Reviewer’s comment: Measurement of M4 concentration was initially based on the standard curve of M9 
due to unavailability of reference standard M4 at the time of assay.  Later a detector response ratio was 
determined for M9 versus M4 after the analytical reference for M4 became available by the detector 
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response ratio and used to convert M4 concentrations. Because the QC for M4 assay was not conducted 
during the run, the measurements of M4 were not validated.  It is unknown why plasma M4 levels in the 
young group are considerably lower than in other young group from different studies.   

Figure 12. Plasma concentration-time curve of palonosetron following a single dose of 0.75 mg palonosetron under 
fasting condition 

 
Gender 
Gender effect was observed in systemic exposure to palonosetron (Table 16, Figure 13).  Across three 
studies exposure to palonosetron was 20-38% higher in females compared to males regardless of age and 
route of administration.  This difference may be due to the lower body weight for females.  M9 exposure 
was 10-30% higher in females for the young but 15% higher in males for the elderly.  Difference in M4 
exposure by gender was not consistent across studies.  

Figure 13. Plasma concentration-time curve of palonosetron by gender following a single dose of 0.50 mg palonosetron  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Revewer’s comments: Despite the generally lower exposure of palonosetron, the efficacy response rate 
in phase 3 study was generally higher in males.  The incidence of any AEs was similar between gender 
groups at various dose levels (Table 17).  No dosage adjustment based on gender is necessary. (For 
details, please see a clinical review by Dr. Nancy Snow of Division of Gastroenterology Products)  
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Table 16. The mean AUCt [ng·h/L] by gender following a single-dose of 0.5 mg capsule in healthy subjects 

 Male (n=18) Female (n=18) 
Palonosetron 29463 (8026) 40749 (10855) 
M4* 1192(923) 854(664) 
M9 1775 (834) 2238 (1252) 

  * male (n=13); female (n=15) 
 
 
Table 17. The incidence of adverse events in phase 2/3 trials 

 Gender <0.25mg 
 

0.25 mg 
 

0.5 mg 
 

0.75 mg 
 

> 0.75 mg 
 

Total 
 

IV 
palnosetron 
 

Any 
AEs 

Total 74.2% 
(23/31) 

54.7% 
(111/203) 

51.6% 
(94/339) 

54.1% 
(224/414) 

79.4% 
(54/68) 

56.3% 
(506/583) 

47.9% 
(78/163) 

 Male 72% 
(18/25) 

50% 
(32/64) 

45.5% 
(25/55) 

56.96% 
(74/130) 

80.5% 
(33/41) 

57.8% 
(182/315) 

44.4% 
(20/45) 

 Female 83.3% 
(5/6) 

56.8% 
(79/139) 

54.3% 
(69/284) 

52.8% 
(150/284) 

77.8% 
(21/27) 

55.6% 
(324/583) 

49.2% 
(58/118) 

 
Race 
The total body clearance was 26% higher in Japanese subjects and the Cmax was slightly lower in Japanese 
than in Caucasian.  In Japanese male subjects, the total body clearance was 2.7-3.9ml/min/kg and it was 
2.6-2.8 ml/min/kg in Caucasian males.  The dose normalized mean Cmax was 0.14-0.18 ng/ml in Japanese 
and 0.12-0.15 ng/ml in Caucasian.  PK was not characterized in other race. 
 
Reviewer’s comments: In the label of Aloxi for injection, the consistent trend was observed after IV 
administration such that total body clearance was 25% higher in Japanese subjects compared to Whites.  
However, no dose adjustment is recommended.  For the combined phase 2/3 trials, the proportion of 
Caucasian, Black, Hispanic, Asian and other race subjects was approximately 70%, 3%, 25% 1% and 1%, 
respectively. 
2.4 Extrinsic Factors 

2.4.1 What extrinsic factors (drugs, herbal products, diet, smoking, and alcohol use) influence 
dose-exposure and/or response and what is the impact of any differences in exposure on response? 
High fat diet- 
Effect of high fat diet was evaluated for the clinical trial softgel capsule formulation using the FDA 
recommended high fat meal.  A high fat diet was ingested within 30 min of drug administration.  For 
palonosetron, all 90% CIs for AUC and Cmax parameters obtained under fasting or fed conditions were 
within the 80-125% range.  As such high fat diet did not affect PK of Palonosetron (Figure 14, Table 18).  
As for metabolites, high fat meal did not affect AUC of M9 (90% CI: 87.80-112.06) but decreased the peak 
concentration of M9 about 15% (90% CI: 79.3-93.0) and M4 could not be assessed.   
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Figure 14. Palonosetron plasma concentrations (arithmetic mean) following palonosetron 0.75 mg after fasted (b1), fed 
(b2), and concomitant antacid administration (b3). N=17 (PALO-04-02) 

 
 
 
Reviewer’s comments: Although it is less likely for cancer patients who are scheduled to receive 
emetogenic chemotherapeutics to have a high fat meal close to the initiation of chemotherapy, the food 
effect study indicates that patients may take oral palonosetron with any type of meal if desired.     
 
Table 18. Summary of pharmacokinetic parameters for palonosetron by treatment 
 

 
Antacid  
The effect of concomitant administration of an antacid on PK of palonosetron (clinical trial formulation) 
was evaluated in healthy volunteers (Figure 14, Table 18).  Antacid, Maloxx® was taken 5 minutes prior to 
palonosetron administration under fasting condition.  No effect of concomitant administration of antacids 
on the pharmacokinetics of palonosetron was observed.  Results indicated that for palonosetron and M9 
similar PK profiles were obtained when palonosetron was administered alone or in combination with an 
antacid. Point estimates and 90% confidence intervals for palonosetron and M9 lie within the range of 80-
125% confirming no significant drug interaction.  M4 was not quantifiable in a number of samples and 
highly variable.   

 

 

 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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2.4.2 Drug-Drug Interactions 

2.4.2.1 Is there an in vitro basis to suspect in vivo drug-drug interactions? 
In vitro studies were previously conducted and reflected in the Aloxi IV label.  Other than effect of 
concomitant antacid, no studies were conducted for oral palonosetron administration.   
 
Reviewer’s comments: A mass balance study for oral administration indicated that metabolic profile of 
orally administered palonosetron is similar to that after intravenous administration and the contribution of 
pre-systemic metabolism is not significant based on the comparable recovery of unchanged palonosetron 
in the urine (about 40% of administered dose over 144 hours post-dose) after oral and IV administration.  A 
higher pre-systemic metabolism after oral administration was indicated by higher exposure of M9 and M4 
and a shorter time to achieve the peak concentration of M9 and M4 than after IV administration.  The 
systemic exposure of M9 was 94% higher in terms of AUCt and 10% higher in terms of Cmax after oral 
administration than after IV administration.  On the other hand, mean Cmax of M4 was 37% higher while 
mean AUCt of M4 remained unchanged after oral administration.  Although increase in Cmax of and AUC, 
the systemic exposure to M9 remained less than 10% of palonosetron.  As such the pre-systemic 
metabolism was not significant and the drug-drug interaction potential via pre-systemic metabolism 
appears to be low.  
 

2.5 General Biopharmaceutics 

2.5.1 Based on BCS principles, in what class is this drug and formulation?  What solubility and 
permeability support this classification?  
Palonosetron hydrochloride is freely soluble in water (Aloxi for injection label) and high solubility of 
palonosetron was demonstrated at various pH conditions (Table 19).  
 
Table 19. Analytical Results of pH-Solubility Profile of Palonosetron 

 
The permeability of palonosetron HCl was addressed based on absolute bioavailability resulted from study 
PALO-04-04.  PK data from this study indicate that oral palonosetron has 96.6% and 97.3% relative 
bioavailability for AUC0-t and AUC0-∞, respectively, for the 0.75 mg oral dosage form (phase 3 softgel 
capsule formulation) relative to 0.75 mg administered IV.  High permeability of palonosetron is also 
supported by the findings that 90% (83-93%) of administered total radioactivity was recovered in the urine 
in the mass balance study.  Based on these in-vivo data, palonosetron is considered a highly permeable drug.  
These data serve as the basis for designating palonosetron HCl as a BCS Class 1, highly soluble and highly 
permeable drug. 
 
Reviewer’s comment: For the mass balance study, palonosetron dissolved in sterile water was 
administered.  As such the observed high absolute BA of oral palonosetron product appears to be mainly 
attributed to intrinsic properties of palonosetron.  
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2.5.2 What is the relative bioavailability of the proposed to-be-marketed formulation to the pivotal 
clinical trial? 

The to-be-marketed formulation and the trial formulation are bioequivalent 
The to-be-marketed (TBM) formulation was modified from the phase 3 trial formulation to improve shelf-
life stability by  

 
 the formulation change was determined as SUPAC-IR level 2 

change in a previous communication between the sponsor and the Agency.   
 
The two formulations of 0.5 mg strength were compared in a two-way cross-over in vivo bioequivalence 
study.  Thirty-six healthy subjects were enrolled (18 males and 18 females) and all of them completed the 
study.  The ratio of AUCt and AUC∞ of PAL after administration of TBM and the phase 3 trial formulation 
(trial formulation hereafter) was 102.3% (90% CI: 98.9-105.9%) and 102.0% (90% CI: 98.6-105.6%), 
respectively and the ratio of Cmax of PAL after administration of TBM and the phase 3 formulation was 
103.7% (90% CI: 100.5-107.0%) (Figure 15, Table 22-23).  As such the comparison of pharmacokinetic 
parameters met the bioequivalence criteria, 90% CI: 80-125% and the bioequivalence between TBM and 
trial formulation was demonstrated.   
 
The bioequivalence was also demonstrated between trial formulation and the TBM for 0.75 mg strength 
such that the ratio Cmax and AUC∞ of TBM to trial formulation were 98.4% (90% CI: 93.4-103.6%) and 
102% (96.5-107.8) respectively.   
 
Figure 15. Arithmetic Mean Concentration versus Time profiles for palonosetron Formulation b1= phase 3 clinical 
formulation and b2= commercial formulation (PALO-06-16, 0.50 mg Capsule Strength) 

 
 
The sponsor also conducted BE and absolute BA study with 0.75 mg strength, the highest phase 3 trial dose 
and the sponsor conducted a pivotal BE study with 0.5 mg strength because it is a proposed commercial 
dose.   
 
Reviewer’s comment: This reviewer think that this pivotal BE study for the commercial strength after 
conducting at a higher strength could have been waived because PK in the range is dose-proportional, the 
formulation is proportionally similar such that the formulation change due to the active ingredient content as 
a free base is less than 0.3% of total filled liquid weight which remained constant.   
 
 
 
 
 
 
 
 
 
 
 
 

(b) (4)
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Table 22. PK parameters following a single-dose of 0.5 mg palonosetron oral capsule 

 
 
 
Table 23. ANOVA CVs, point estimates, 90% confidence intervals for (log-transformed) palonosetron 
pharmacokinetic parameters; bioequivalence assessment (N=36 subjects) 

 

2.5.2.1 What data support or do not support a waiver of in vivo BE data? 
The sponsor did not request a waiver of in vivo BE study.   
 
Reviewer’s comments: Because the formulation change is categorized as SUPAC-IR level 2 change 

 the in vivo BE was not required as such the above two formulations 
could have been bridged in adequate in vitro studies.  The formulation changes to this extent are not 
expected to significantly influence on bioavailability of palonosetron, which is highly soluble and highly 
permeable drug.   

2.5.3 What is the effect of food on the bioavailability (BA) of the drug from the dosage form? What 
dosing recommendation should be made, if any, regarding administration of the product in relation 
to meals or meal types? 
For the clinical trial formulation, high fat diet did not affect PK of Palonosetron and AUC of M9 (90% CI: 
87.80-112.06) but decreased the peak concentration of M9 about 15% (90% CI: 79.3-93.0).  On the other 
hand, M4 could not be assessed.   
 
The food effect study was conducted with the clinical trial formulation not with the to-be-marketed 
formulation, the sponsor proposed for a labeling claim for meal intake instruction in relation to medication 
based on the study done with the trial formulation because palonosetron is considered a BCS Class 1, 
highly soluble and highly permeable drug and the bioequivalence has been demonstrated between the trial 
formulation and TBM formulation. 
 
Reviewer’s comment: Palonosetron HCl is freely soluble (Aloxi for injection label) and indirectly shown to 
be highly permeable based on the absolute bioavailability greater than 90% criteria.  The stability of 
palonosetron in the intestinal lumen is also evident by the absolute bioavailability of palonosetron.  As such 
palonosetron HCl is considered in BCS I class.  In general, important food effects on BA are unlikely to 
occur with rapidly dissolving, immediate release drug products containing highly soluble and highly 
permeable drug substances (BCS Class I).  (Guidance for industry: Food-Effect Bioavailability and Fed 

 )

 (4)
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(b) (4)

(b) (4)

(b) (4)



NDA 22-233 original submission 
Review of Clinical Pharmacology  
 

 25

Bioequivalence Studies).  No significant food effect was observed with the clinical trial formulation and the 
food effects on BA of palonosetron are expected to be similar if any for trial formulation and TBM 
formulation.  In phase 3, palonosetron was taken without regard of food intake.  As such, it is unlikely to 
expect significantly different food effects for TBM from the trial formulation and therefore the food effect on 
the trial formulation is applicable to TBM.  Thus no further food effect study on TBM is necessary and 
palonosetron oral capsule can be taken without regard of food intake.   
 

2.6 Analytical Section 
 
2.6.1 How are the active moieties identified and measured in the plasma in the clinical 
pharmacology and biopharmaceutics studies?  
 Three analytical methods have been used to evaluate palonosetron and M9 (primary metabolite) 
plasma in the course of the development program: HPLC-RIA, LC/MS and LC/MS/MS (Table 24).  The 
sponsor submitted assay validation study reports for HPLC-RIA method for PAL and M9 in plasma (Study 
IAR-B-1009), an HPLC method for PAL and M9 in human urine (study IAR-B-1050), HPLC/MS method 
for Pal and M9 in human plasma (Study IAR-B-1058) and  an LC/MS/MS method for PAL and M9 in 
human plasma and urine (study PALO-99-09)).   
 
The same study reports for bioanalytical assay validation were submitted in original submission for 
palonosetron i.v. formulation dated 09/27/2002 (NDA 21-372, IAR-B-1058, March 1998, PALO-99-09 
July 2001) and reviewed by the office of clinical pharmacology and found adequate (For details, please see 
Clinical Pharmacology and Biopharmaceutics Review by Drs. Sue-Chih Lee and Suliman Al-Fayoumi).   
 
All PK analysis for oral capsule administration was conducted using LC/MS/MS while LC/MS was used 
for oral solution administration in some phase 1 and 2 studies.  No cross-validation between LC/MS and 
LC/MS/MS was conducted.  The analytical assay run for palonosetron and M9 was adequately validated 
and analytical assay run for M4 was adequately validated for BA and BE studies (PALO 04-04, 06-16).  
However, adequate in-run QC was not conducted for during the actual sample analysis for M4 in studies 
PALO 04-01, 04-02, 04-03, as such bioanalytical run for these studies for M4 was not adequately validated. 
 

Table 24. Summary of in vivo analytical methods 
 

 
 
HPLC-RIA Method for Determination of Palonosetron and M9 
In this method, a plasma sample was subjected to HPLC for purification and isolation of the individual 
analytes. Small amounts of tritiated RS-25259 (Palonosetron) and RS-17825 (M9) were added to each 
plasma sample before HPLC to provide a determination of procedural recovery of each analyte.  A portion 
of each HPLC fraction that contained a purified analyte was then analyzed by scintillation counting to 
determine the procedural recovery, and another portion was analyzed by radioimmunoassay (RIA).  The 
concentration determined by RIA was corrected for the procedural recovery, and the concentration of the 
analyte in the original plasma sample was calculated.  The method had lower limits of quantification for 
palonosetron and M9 of 35 pg/ml and 75 pg/ml, respectively. 
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LC/MS Methods for Determination of Palonosetron and M9  
The analytes were extracted from plasma and concentrated using solid phase extraction column prior to 
injection onto an HPLC system. The separation of the metabolite from the parent was accomplished with a 
reverse phase C18 column and an appropriate mobile phase.  Detection of the analytes was by positive 
electrospray mass spectrometery.  The method had lower limits of quantification in plasma for palonosetron 
and M9 of 20 pg/ml and 50 pg/ml, respectively. 
 
LC/MS/MS Methods for Determination of Palonosetron, M9 and M4 
In brief, palonosetron, M9 and the internal standard were isolated from human plasma by solid-phase 
extraction.  An aliquot of the extract was injected into the HPLC system and analysed by reversed phase 
HPLC with tandem mass spectrometry detection in the positive electrospray ionization mode (ESI(+)).  The 
limit of quantification was approximately 50 pg/ml for palonosetron and 10 pg/ml for M9.  Along with 
palonosetron, M9 and an internal standard, aliquots were injected and analyzed in the HPLC MS/MS 
detection system described above. The limit of detection for M4 was approximately 50 pg/ml.   
 
For studies, PALO 04-01, 04-02 and 04-03, M4 concentrations were calculated using a standard curve for 
M9 due to unavailability of a reference standard M4 and subsequently converted to M4 based on MS 
detector response for M4 vs. M9.  Four different M4 concentrations spiked in human plasma and the 
concentrations were calculated with M9 calibration standards. The mean conversion factor was 0.44 among 
factors determined at four different M4 concentrations were used to retrospectively convert M4 
concentration in studies.  
 
Reviewer’s comments:  Because adequate QC was not conducted for bioanalytical assay for M4 during 
the actual sample run for the measurements of M4 for studies PALO 04-01, 04-02, 04-03, were not 
adequately validated. However, given the low pharmacological activity of M4 (<1% of palonosetron) and a 
relative low systemic exposure compared to the parent drug (~10%), deficiency of QC for M4 during the 
sample analysis run does not deter the clinical pharmacology and biopharmaceutics program.    

2.6.2 Which metabolites have been selected for analysis and why?  
 
The most significant metabolites were the M9 (N-oxide) and the M4 (hydroxy) metabolites.  
Pharmacological activity of M9 and M4 as a serotonine 5-HT3 antagonist is 1% of parent drug measured.  
It was recommended previously to assess the systemic exposure of metabolites after oral administration 
since the route of administration was to be changed from intravenous to oral.   

2.6.3 What is the range of the standard curve? What are the lower and upper limits of 
quantification (LLOQ/ULOQ)? What is the accuracy, precision and selectivity at these 
limits? 

The linear range of the standard curve was established from 43.9 ng/L to 2153.6 ng/L for palonosetron for 
palonosetron and from 11 ng/L to 539.4 ng/L for M9.  The in-run QC was adequately conducted for 
palonosetron and M9 (Table 22).  The overall precision of M9 at the lowest QC for valid batches was 
24.5% indicating the measurements of M9 at the concentration may be inconsistent.  The sponsor submitted 
assay validation study M4 in plasma as an appendix of the final report of “determination of the 
concentrations of palonosetron and its metabolites M4 and M9 in human plasma” for study PALO-04-03.  
The bioanalytical assay validation was adequately conducted with acceptable precision and accuracy (Table 
23 for M4 and for details of Palonosetron and M9 assay validation, please see clinical pharmacology and 
biopharmaceutics review by Drs. Sue-Chih Lee and Suliman Al-Fayoumi).    
 
 
 
 
 
 
 

(
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Table 22. LC/MS/MS bioanalytical QC for palonosetron and M9 in human plasma (PALO 06-16) 
Palonosetron QC (ng/L) 111.06 1075.454 1729.162 
Precision (%) 8.19 9.94 6.35 
Accuracy (%) 5.32 4.32 3.77 
M9 QC (ng/L) 27.73 268.52 431.73 
Precision (%) 24.5 14.58 8.89 
Accuracy (%) -1.81 -0.97 -3.56 
 
 

Table 23. LC/MS/MS bioanalytical assay validation for M4 in human plasma 
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3 Detailed Labeling Recommendations 
 Please, see appendix 4.1. for the proposed package insert with reviewer’s recommended 
revision 

7  PAGES WITHHELD IN FULL IMMEDIATELY AFTER THIS PAGE AS (B)(4) 
DRAFT LABELING
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Results and Conclusions were discussed in QBR 
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4.3 OCP Filing Form 
 

Office of Clinical Pharmacology  

New Drug Application Filing and Review Form 

General Information About the Submission 

 Information  Information 
NDA Number 22-233 Brand Name Aloxi 
OCP Division (I, II, III) DCP3 Generic Name Palonosetron hydrochloride 
Medical Division Gastroenterology product Drug Class  
OCP Reviewer Insook Kim, Ph.D. Indication(s) Prevention of acute  

 nausea and vomiting 
associated with initial and 
repeat courses of moderately 
emetogenic cancer 
chemotherapy 

OCP Team Leader Sue-Chih Lee. Ph.D. Dosage Form 0.5 mg capsule 
  Dosing Regimen 0.5 mg capsule 1 hour prior 

to the start of chemotherapy 
Date of Submission October 24, 2007 Route of Administration Oral 
Estimated Due Date of OCP Review June 1, 2008 Sponsor Helsinn Healthcare SA 
PDUFA Due Date August 22, 2008 Priority Classification Standard 

Division Due Date 
June 24, 2008   

Clin. Pharm. and Biopharm. Information 
 “X” if included 

at filing 
Number of 
studies 
submitted 

Number of 
studies 
reviewed 

Critical Comments If any 

STUDY TYPE              x                        13                      10                                                              
Table of Contents present and sufficient to 
locate reports, tables, data, etc. 

            x                                                                                                                  

Tabular Listing of All Human Studies                   x                                                                                                             
HPK Summary                                                                                                                                
Labeling               x                                                                                                                 
Reference Bioanalytical and Analytical 
Methods 

                            1                                 1                                                                 

I.  Clinical Pharmacology                                                                                                                               
    Mass balance: x 1 1  
    Isozyme characterization:     
    Blood/plasma ratio:     
    Plasma protein binding:     
    Pharmacokinetics (e.g., Phase I) -                                                                                                                               

Healthy Volunteers- 
                                                                                                                              

single dose: x    
multiple dose:     

Patients- 
                                                                                                                              

single dose: x    
multiple dose:     
   Dose proportionality -                                                                                                                               
fasting / non-fasting single dose: x 5 4  
fasting / non-fasting multiple dose:     
    Drug-drug interaction studies -                                                                                                                               
In-vivo effects on primary drug:  1 1  
In-vivo effects of primary drug:     
In-vitro:     
    Subpopulation studies -                                                                                                                               
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(b) 
(4)
(b) 
(4)
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ethnicity:     
gender:     
pediatrics:     
geriatrics: x 1 1  
renal impairment:     
hepatic impairment:     
    PD:                                                                                                                               
Phase 2:     
Phase 3:     
    PK/PD:                                                                                                                               
Phase 1 and/or 2, proof of concept: 1    
Phase 3 clinical trial:     
    Population Analyses -                                                                                                                               
Data rich:     
Data sparse:     
II.  Biopharmaceutics                                                                                                                               
    Absolute bioavailability: x 1 1  
    Relative bioavailability -                                                                                                                               
solution as reference: x    
alternate formulation as reference:     
    Bioequivalence studies -                                                                                                                               
traditional design; single / multi dose: x 1 1  
replicate design; single / multi dose:     
    Food-drug interaction studies: x 2 1  
    Dissolution:     
    (IVIVC):     
    Bio-wavier request based on BCS     
    BCS class X    
III.  Other CPB Studies                                                                                                                               
    Genotype/phenotype studies:     
    Chronopharmacokinetics     
    Pediatric development plan     
    Literature References                             
Total Number of Studies                             13 10  

 
    

Filability and QBR comments 

 
“X” if yes 

Comments 

Application filable ? 
X Reasons if the application is not filable (or an attachment if applicable) 

For example, is clinical formulation the same as the to-be-marketed one? 

Comments sent to firm ? 

 

 Comments have been sent to firm (or attachment included). FDA letter date 
if applicable. 

QBR questions (key issues to be considered) 1. Dose-selection 
2.  

Other comments or information not 
included above 
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Primary reviewer Signature and Date  

Secondary reviewer Signature and Date  

 

CC: NDA XX-XXX, HFD-850(P. Lee), HFD-860 (M. Mehta), HFD-XXX(CSO), HFD-8XX(TL, DD, DDD), CDR  
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