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MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION

   CENTER FOR DRUG EVALUATION AND RESEARCH

FROM: David B. Joseph
Lead Pharmacologist

DATE: July 17, 2014

SUBJECT: NDA 205,718 (SD # 1 dated September 25, 2013)

Sponsor: Helsinn Healthcare SA

Drug Product: AKYNZEOTM (netupitant and palonosetron) capsules

Comments:

I concur with Dr. Zhang’s recommendations for conducting a juvenile rat toxicity study 
with netupitant alone to support the proposed pediatric development program (see
section 1.3.2 in the Executive Summary and page 167 of the Pharmacology/Toxicology 
review dated June 19, 2014).  Based on the age range (0 < 17 years) of patients to be 
included in the proposed safety and efficacy trial of netupitant + palonosetron fixed dose 
combination, dosing in the juvenile rat study should begin at a developmental stage 
comparable to the human neonatal stage.  Juvenile animal studies with the drug 
combination are not considered as necessary to support the pediatric development 
program for Akynzeo, based on results of the combination toxicity studies of netupitant 
+ palonosetron in adult rats and dogs, and the toxicity profile of palonosetron alone in 
neonatal rats and dogs (see Pharmacology/Toxicology review of NDA 21,372 dated July 
11, 2003 by Dr. Yash Chopra).

Recommendations:

There are no nonclinical issues which preclude the approval of Akynzeo.  I concur with 
Dr. Zhang’s recommendation for approval and his recommended revisions in the label.

                                           __________________________________   ____________
                                      David B. Joseph, Ph.D.                                   Date
                                         Lead Pharmacologist

Division of Gastroenterology and Inborn Errors Products
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Disclaimer 
 
Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 205,718 are owned by Helsinn Healthcare SA or are 
data for which Helsinn Healthcare SA has obtained a written right of reference. Any 
information or data necessary for approval of NDA 205,718 that Helsinn Healthcare SA 
does not own or have a written right to reference constitutes one of the following: (1) 
published literature, or (2) a prior FDA finding of safety or effectiveness for a listed drug, 
as reflected in the drug’s approved labeling.  Any data or information described or 
referenced below from reviews or publicly available summaries of a previously approved 
application is for descriptive purposes only and is not relied upon for approval of this 
NDA. 
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1. Executive Summary 

1.1 Introduction 
 
AKYNZEO capsule is a fixed-dose combination of two active drug substances, 
netupitant and palonosetron HCl.  Netupitant is a substance P/NK-1 (neurokinin-1) 
receptor antagonist.  Palonosetron is a 5-HT3 receptor antagonist.  Oral palonosetron, 
ALOXI (palonosetron HCl) Capsule is an approved drug in the U.S. for prevention of 
acute nausea and vomiting associated with initial and repeat courses of moderately 
emetogenic cancer chemotherapy (NDA 22,233).  The sponsor developed AKYNZEO 
as a fixed-dose combination since the mechanism of action of the two drugs is exerted 
on different neuropathways (5-HT3 receptors and NK1 receptors) and both drugs show 
a similar pharmacokinetic profile in terms of extended plasma half-life.  The sponsor 
seeks market approval for AKYNZEO for prevention of acute and delayed nausea and 
vomiting associated with initial and repeat courses of highly emetogenic cancer 
chemotherapy and moderately emetogenic cancer chemotherapy in adults. 
  

1.2 Brief Discussion of Nonclinical Findings 
 
Netupitant alone was tested in oral toxicity studies of up to 26 weeks in rats and 9 
months in dogs.  Treatment with netupitant induced phospholipidosis at doses of 10 
mg/kg/day or higher in both rats and dogs.  The clinical significance of phospholipidosis 
in these studies is not clear.  The calculated animal to human AUC multiples for 
netupitant based on the AUC values at 10 mg/kg/day in both rats and dogs ranged from 
0.4 to 1.8.  Oral toxicity studies with the combination of netupitant and palonosetron 
were performed in rats and dogs for up to 13 weeks.  The combination did not produce 
any additional toxicity as compared with either drug tested alone. 
 
Netupitant was negative in the Ames test, mouse lymphoma cell mutation assay, and in 
vivo rat micronucleus test.  Long-term studies in animals to evaluate the carcinogenic 
potential of netupitant are not needed to support approval for the proposed indication 
(see Executive CAC meeting minutes from July 1, 2008 in Appendix).  Therefore, no 
carcinogenicity studies with netupitant were conducted. 
 
Daily oral administration of netupitant at 10 mg/kg/day and higher during the period of 
organogenesis increased the incidence of external and skeletal abnormalities in rabbit 
fetuses.  These abnormalities included positional abnormalities in the limbs and paws, 
and fused sternebrae.   
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1.3 Recommendations 
1.3.1 Approvability 
 
From a nonclinical standpoint, this NDA should be approved for the proposed indication. 
 
 
1.3.2 Additional Nonclinical Recommendations 
 
An oral toxicity study with netupitant alone of at least 8 weeks duration in juvenile rats is 
needed to support the proposed pediatric clinical efficacy study in patients age 0 to < 17 
years.  The juvenile rat study should include evaluation of developmental parameters, 
neurobehavioral effects, and fertility.  The sponsor should submit the juvenile rat study 
protocol for review and evaluation prior to initiation of this study.  The sponsor’s 
proposed timeline for the pediatric study plan should be adjusted according to these 
recommendations. 
 
1.3.3 Labeling 
 
Established Pharmacologic Class (HIGHLIGHTS and section 11) 
 
The EPC text phrase for netupitant in the Sponsor’s proposed label is: “substance 
P/neurokinin 1 (NK1) receptor antagonist”, which is very similar to the EPC text phrase 
shown for aprepitant in the PRPLLR, and identical to the EPC text phrase in the 
aprepitant label.  Therefore, the proposed EPC text phrase for netupitant is acceptable.    
 
The EPC text phrase for palonosetron in the Sponsor’s proposed label is:  

  However, this should be changed to “serotonin-
3 (5-HT3) receptor antagonist”, which is the EPC text phrase shown for palonosetron in 
the PRPLLR. 
 
Sponsor’s Version: 

8.1. Pregnancy 

Evaluation:   
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Recommended Version: 

8.1. Pregnancy 
 
Pregnancy Category C  
 
Risk Summary  
 
Adequate and well-controlled studies with AKYNZEO have not been conducted in 
pregnant women.  In animal reproduction studies, no effects on embryo-fetal 
development were observed following daily administration of netupitant in pregnant rats 
during the period of organogenesis at doses up to 3.7 times the human AUC at the 
recommended single human dose to be given with each cycle of chemotherapy.  
However, a dose-dependent increase in adverse effects on embryo-fetal development 
was observed following daily administration of netupitant in pregnant rabbits during the 
period of organogenesis with doses at least 0.2 times the human AUC at the 
recommended single human dose to be given with each cycle of chemotherapy.  Daily 
administration of netupitant in rats up to 3.7 times the human AUC at the recommended 
human dose during organogenesis through lactation produced no adverse effects in the 
offspring.  In animal reproduction studies with palonosetron, no effects on embryo-fetal 
development were observed following oral administration during the period of 
organogenesis at doses up to 921 and 1841 times the recommended human oral dose 
in rats and rabbits, respectively.  AKYNZEO should be used during pregnancy only if 
the potential benefit justifies the potential risk to the fetus.  
 
Animal Data  
 
Daily administration of up to 30 mg/kg netupitant in rats (3.7 times the human AUC at 
the recommended single human dose to be given with each cycle of chemotherapy) 
during the period of organogenesis produced no effects on embryo-fetal development.  
However, an increased incidence of external and skeletal abnormalities in rabbit fetuses 
was observed following daily administration of netupitant in rabbits at 10 mg/kg/day and 
higher (0.2 times the human AUC at the recommended single human dose to be given 
with each cycle of chemotherapy) during the period of organogenesis.  These 
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Palonosetron  
In a 104-week carcinogenicity study in CD-1 mice, animals were treated with oral doses 
of palonosetron at 10, 30 and 60 mg/kg/day. Treatment with palonosetron was not 
tumorigenic. The highest tested dose produced a systemic exposure to palonosetron 
(Plasma AUC) of about 90 to 173 times the human exposure (AUC= 49.7 ng•h/mL) at 
the recommended oral dose of 0.5 mg. In a 104 week carcinogenicity study in Sprague-
Dawley rats, male and female rats were treated with oral doses of 15, 30 and 60 
mg/kg/day and 15, 45 and 90 mg/kg/day, respectively. The highest doses produced a 
systemic exposure to palonosetron (Plasma AUC) of 82 and 185 times the human 
exposure at the recommended dose. Treatment with palonosetron produced increased 
incidences of adrenal benign pheochromocytoma and combined benign and malignant 
pheochromocytoma, increased incidences of pancreatic Islet cell adenoma and 
combined adenoma and carcinoma and pituitary adenoma in male rats. In female rats, it 
produced hepatocellular adenoma and carcinoma and increased the incidences of 
thyroid C-cell adenoma and combined adenoma and carcinoma.  
 
Palonosetron was not genotoxic in the Ames test, the Chinese hamster ovarian cell 
(CHO/HGPRT) forward mutation test, the ex vivo hepatocyte unscheduled DNA 
synthesis (UDS) test or the mouse micronucleus test. It was, however, positive for 
clastogenic effects in the Chinese hamster ovarian (CHO) cell chromosomal aberration 
test. Palonosetron at oral doses up to 60 mg/kg/day (about 921 times the recommended 
human oral dose based on body surface area) was found to have no effect on fertility 
and reproductive performance of male and female rats. 
 
Evaluation:   
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The proposed subsection for netupitant should be revised as shown below.  The rat to 
human AUC ratios for netupitant were calculated based on the following AUC values: 

 (this value was 
recommended for inclusion in subsection 12.3 by the Clinical Pharmacology team).  The 
proposed subsection for palonosetron is the same as shown in the label for ALOXI 
Capsules, and is therefore acceptable. 
 
Recommended Version: 
 
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 
 
Netupitant  
 
Long-term studies in animals to evaluate carcinogenic potential have not been 
performed with netupitant. Netupitant was not genotoxic in the Ames test, the mouse 
lymphoma cell mutation test, or the in vivo rat micronucleus test.  
 
Daily oral administration of netupitant in rats at doses up to 30 mg/kg (1.9 times the 
human AUC in male rats and 3.7 times the human AUC in female rats at the 
recommended human dose) had no effects on fertility or reproductive performance. 
 
Palonosetron  
 
In a 104-week carcinogenicity study in CD-1 mice, animals were treated with oral doses 
of palonosetron at 10, 30 and 60 mg/kg/day. Treatment with palonosetron was not 
tumorigenic. The highest tested dose produced a systemic exposure to palonosetron 
(Plasma AUC) of about 90 to 173 times the human exposure (AUC= 49.7 ng·h/mL) at 
the recommended oral dose of 0.5 mg. In a 104-week carcinogenicity study in Sprague-
Dawley rats, male and female rats were treated with oral doses of 15, 30 and 60 
mg/kg/day and 15, 45 and 90 mg/kg/day, respectively. The highest doses produced a 
systemic exposure to palonosetron (Plasma AUC) of 82 and 185 times the human 
exposure at the recommended dose. Treatment with palonosetron produced increased 
incidences of adrenal benign pheochromocytoma and combined benign and malignant 
pheochromocytoma, increased incidences of pancreatic Islet cell adenoma and 
combined adenoma and carcinoma and pituitary adenoma in male rats. In female rats, it 
produced hepatocellular adenoma and carcinoma and increased the incidences of 
thyroid C-cell adenoma and combined adenoma and carcinoma.  
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Palonosetron was not genotoxic in the Ames test, the Chinese hamster ovarian cell 
(CHO/HGPRT) forward mutation test, the ex vivo hepatocyte unscheduled DNA 
synthesis (UDS) test or the mouse micronucleus test. It was, however, positive for 
clastogenic effects in the Chinese hamster ovarian (CHO) cell chromosomal aberration 
test.  

Palonosetron at oral doses up to 60 mg/kg/day (about 921 times the recommended 
human oral dose based on body surface area) was found to have no effect on fertility 
and reproductive performance of male and female rats. 

2 Drug Information 

2.1 Drug 
 
Trade Name:  AKYNZEOTM (300 mg netupitant and 0.5 mg palonosetron free base 
equivalent) 
 
Code Name:  
 
Netupitant: RO0673189, RO0673189-008, 14-NETU 
Palonosetron HCl: RS-25259-197 
 
Chemical Name:   
Netupitant: 2-[3,5-Bis(trifluoromethyl)phenyl]-N,2-dimethyl-N-[4-(2-methylphenyl)-6-(4-
methylpiperazin-1-yl)pyridin-3-yl]propanamide 
 
Palonosetron HCl: (3aS)-2-[(S)-1-Azabicyclo[2.2.2]oct-3-yl]-2,3,3a,4,5,6-hexahydro-1-
oxo-1Hbenz[de]isoquinoline hydrochloride 
 
Molecular Formula/Molecular Weight: 
 
Netupitant:  C30H32F6N4O / 578.61 
 
Palonosetron HCl:  C19H24N2O•HCl  / 332.87 
 
Structure or Biochemical Description: 
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Pharmacologic Class:   
 
Netupitant is a NK1 receptor antagonist 
 
Palonosetron is a 5-HT3 receptor antagonist. 
 

2.2 Relevant INDs, NDAs, and DMFs:  IND 73,493 
 

2.3 Drug Formulation 
 
AKYNZEO is a fixed-dose combination product composed of one hard gelatin capsule, 
Size 0, which contains three netupitant tablets (100 mg each) and one palonosetron HCl 
softgel (0.50 mg free base equivalent).  
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Sucrose  acid esters are accepted for use as a food additive within the conditions 
described in 21 CFR 172.859.  Thus, there is reasonable assurance of safety for this 
excipient. 
 
2.4 Comments on Novel Excipients:   
 
Although sucrose  acid esters is considered as a novel excipient, it is used as a 
food additive within the conditions described in 21 CFR 172.859.  Therefore, there is 
reasonable assurance of safety for this excipient. 
 

2.5 Comments on Impurities/Degradants of Concern: None 
 

2.6 Proposed Clinical Population and Dosing Regimen 
 
AKYNZEO is indicated for prevention of acute and delayed nausea and vomiting 
associated with initial and repeat courses of highly emetogenic cancer chemotherapy 
and for prevention of acute and delayed nausea and vomiting associated with initial and 
repeat courses of moderately emetogenic cancer chemotherapy.  
 
The proposed dose is one capsule administered approximately one hour prior to the 
start of chemotherapy.  One capsule contains 300 mg netupitant and 0.5 mg 
palonosetron free base equivalent. 
 

Regulatory Background 
 
AKYNZEO (netupitant and palonosetron) capsule was developed under IND 73,493.  In 
the pre-NDA meeting on April 16, 2013, the sponsor agreed to submit final study reports 
of all required nonclinical studies.  All needed study reports were submitted in this NDA 
(see below). 
 
Netupitant is an NME.  Oral palonosetron, ALOXI (palonosetron HCl) Capsule, is an 
approved drug product in the U.S. for prevention of acute nausea and vomiting 
associated with initial and repeat courses of moderately emetogenic cancer 
chemotherapy (NDA 22,233).  ALOXI Injection is an approved drug product for 
intravenous administration, indicated for the prevention of acute nausea and vomiting 
associated with initial and repeat courses of moderately and highly emetogenic cancer 
chemotherapy, and the prevention of delayed nausea and vomiting associated with 
initial and repeat courses of moderately emetogenic cancer chemotherapy (NDA 
21,372).   
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3 Studies Submitted 
Pharmacology 
Pharmacokinetics/ADME 
Toxicology 
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3.1 Studies Reviewed  
All studies mentioned above were reviewed except those mentioned under 3.2. 
 

3.2 Studies Not Reviewed  
All nonclinical studies related to dependence, self-administration, and discrimination 
were reviewed by the Controlled Substance Staff. 
 
The following studies are not reviewed: 
 
Skin irritation study in rabbits 
Skin sensitization in guinea pigs 
Eye irritation in rabbits 
Toxicity study of metabolite M4 in BALB/C 3T3 cells 
 

Reference ID: 3527655



NDA 205,718         Reviewer: Ke Zhang 
 

23 

3.3 Previous Reviews Referenced 
The following pharmacology reviews under IND 73,493 were referenced.  Full reviews 
of individual studies are included in this review verbatim: 
 
1. Pharmacology Review (#003 and 004) by Ke Zhang, Ph.D. dated 7/2/2008 
 
4 Pharmacology 

4.1 Primary Pharmacology 
Netupitant is a substance P/neurokinin-1 (NK1) receptor antagonist and palonosetron is 
a serotonin-3 (5-HT3) receptor antagonist.  Some published reports suggest that a 
combination of a NK1 receptor antagonist and a 5-HT3 receptor antagonist is more 
effective in the control of acute and delayed emesis as compared to 5-HT3 receptor 
antagonist alone. 
 
In vitro studies: 
 
Netupitant binds to the recombinant human NK1 receptor with a pKi of 9.0, to the hNK2 
receptor with a pKi of 5.8, and the hNK3 receptor with a pKi of 7.5.  Netupitant also 
binds to the canine and rodent NK1 receptors with a pKi of 8.6 and 8.1, respectively.  
 
Three major metabolites, M1 (Ro 68-1133), M2 (Ro 71-3001), and M3 (Ro 73-1519), 
also bind to the hNK1 receptor, with pKi values of 9.0, 9.0, and 9.1, respectively.  A 
minor metabolite M4 was identified at the level of 2.7% (AUC) or 5.5% (Cmax) of the 
plasma exposure to netupitant in clinical studies.  The results of a binding study 
indicated that M4 binds to hNK1 receptors with a Ki of 1.6 nM, and to hNK3 receptors 
with a Ki of 8 μM.  M4 was not detected in animals. 
 
The effect of netupitant on NK1 receptors can be modulated by palonosetron (C. Rojas 
and B. Slusher, European Journal of Pharmacology, 2012).  In this study, it was 
demonstrated that palonosetron inhibited the substance P-mediated responses in vitro 
in NG108-15 cells, and in vivo in nodose ganglia collected from rat treated with cisplatin.  
 
In vivo studies: 
 
In an emesis model in ferrets, oral administration of netupitant at 3 mg/kg completely 
blocked the emesis induced by apomorphine (0.125 mg/kg s.c.), morphine (0.5 mg/kg 
s.c.), ipecacuanha (1.2 mg/kg p.o.), or copper sulfate (100 mg/kg intragastric) (see the 
sponsor’s Table 3 below). 
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Oral administration of netupitant (1-3 mg/kg) almost completely inhibited the acute (<24 
hr) and delayed (24-72 hr) phases of the emesis induced by cisplatin in ferrets.  The 
ID50 (inhibitory dose in 50% of animals) for oral netupitant for prevention of emesis 
induced by apomorphine and cisplatin was about 0.1-0.2 mg/kg.  Oral administration of 
netupitant also inhibited the motion-induced emesis in shrews with an ID50 of ~0.1 
mg/kg.  Combined oral administration of palonosetron (0.1 mg/kg), netupitant (1 mg/kg), 
and dexamethasone also prevented emesis induced by cisplatin in ferrets.   
 
Netupitant inhibited NK1 receptor agonist-induced foot-tapping behavior in gerbils in a 
dose-dependent manner.  The metabolites M1, M2, and M3, also blocked the foot-
tapping activity in this study.  However, the relevance of the effect on foot-tapping 
activity to the pharmacodynamic activity for the proposed indication is unknown. 
 

4.2 Secondary Pharmacology 
The selectivity of netupitant was investigated by testing its binding affinity to a number 
of G-protein coupled receptors, monoamine transporters, and ion channels.  It was 
found that netupitant produced approximately 78-100% displacement at the histamine 
(H2), adenosine (A3), and the L-type Ca2+ channel binding sites.  Netupitant binds to 
the diltiazem binding site on the Ca2+ channel with a pKi of 5.9.  The metabolite M1 also 
binds to the L-type Ca2+ channel with an a Ki of 1.4 μM. 
 

4.3 Safety Pharmacology 
 
Central Nervous System: 
 
Oral administration of netupitant in rats resulted in difficult breathing at 300 mg/kg or 
higher.  Body weight and food consumption were reduced at these doses. 
 
Oral administration of netupitant at doses of 3, 30 and 100 mg/kg did not have a 
significant effect on the time to convulsion induced by pentylenetetrazol in rats.  
 
Cardiovascular System: 
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In Vitro studies: 
 
Netupitant and its metabolites (M1, M2, and M3) significantly inhibited the potassium 
currents of the hERG channel expressed in the CHO cells, with IC50 values of 0.76, 
0.84, 43, and 4.4 µM, respectively. 
 
Netupitant and metabolite M1 inhibited the rapid component of delayed rectifier 
potassium current (IKr) by ~21-25% at 3 μM in isolated canine ventricular myocytes (“M” 
mid-myocardial cells).  Metabolite M3 inhibited IKr by ~14% and 57% at 3 and 30 μM, 
respectively.  However, metabolite M2, has no effect on this potassium current at 
concentrations up to 30 μM. 
 
Netupitant (up to 1 μM), M1 (up to 0.3 μM), M2 (up to 3 μM), and M3 (up to 3 μM) had 
no significant effect on cardiac action potentials in isolated canine cardiac Purkinje 
fibers. At higher concentrations (3 μM), both netupitant and M1 shortened the action 
potential duration at 50% of repolarization (APD50), and the action potential duration at 
70% and 90% of repolarization (APD70 and APD90, respectively). 
 
Netupitant (up to 3 μM), M1 and M2 (up to 30 μM) had no significant effect on cardiac 
action potential parameters on isolated canine papillary muscle. Metabolite M3, 
however, significantly prolonged APD50, APD70 and APD90 at 3 and 30 μM in the 
isolated canine papillary muscle. 
 
In Vivo studies: 
 
Anesthetized guinea pigs 
 
Intravenous administration of netupitant (0.01-1 mg/kg), M1 (0.01, 0.03, 0.1, 0.3, 1 and 
3 mg/kg), M2 (0.01, 0.03, 0.1, 0.3, 1 and 3 mg/kg) had no significant effect on the 
epicardial monophasic action potential in anesthetized guinea pigs.  M3 slightly 
prolonged the monophasic APD70 and APD90 at IV doses of 0.01, 0.03, 0.1, 0.3, 1, and 
3 mg/kg in the same animal model. 
 
Combined intravenous administration of palonosetron and netupitant (0.3 mg/kg 
palonosetron and 0.03, 0.1, 0.3, or 1 mg/kg netupitant prolonged the monophasic 
APD70 and APD90 by 19-38%.   
 
Anesthetized rabbits 
 
Netupitant at 30 mg/kg IV decreased the mean, systolic and diastolic arterial blood 
pressure in anesthetized rabbits.  However, netupitant at 30 mg/kg had no effects on 
QT interval.  M1 and M3 (1 mg/kg IV) and M2 (30 mg/kg IV) transiently decreased 
arterial blood pressure in anesthetized rabbits.  Premature ectopic beats and 
tachycardias were noted in 2 of 6 rabbits treated with M3 at 1 mg/kg IV in the 
anesthetized rabbits.  Combined intravenous administration of palonosetron at 3 mg/kg 
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and netupitant at 30 mg/kg significantly decreased mean, systolic and diastolic arterial 
blood pressure, and increased heart rate in anesthetized rabbits.  
 
Conscious Dogs 
 
Oral administration of netupitant at 2, 10 and 50 mg/kg/day for 5 days had no effects on 
blood pressure, heart rate, or ECGs in six male telemetered beagle dogs.  However, 
100 mg/kg netupitant produced increases in blood pressure (↑20%) and heart rate (↑ 
~26%), and decreases in RR, PR and QTc intervals.  The shortening of QTc was about 
5%, and this small reduction may not be of any clinical significance.  
 
Oral administration of netupitant in conscious beagle dogs at 50 mg/kg/day for 14 days 
produced a decrease (↓15-19%) in heart rate and prolonged PR, RR, and QT intervals 
as compared to the control group.  The prolonged corrected QT intervals were 
approximately 5-8% as compared to the control group.  Similarly, oral administration of 
M1 at 30 mg/kg/day for 14 days produced a decrease in heart rate (↓~37%) and 
prolonged PR, RR, and QT intervals. The prolonged corrected QT intervals were 
approximately 11-12% as compared to the control group. 
 
Combined oral administration of palonosetron and netupitant had no clear treatment 
effects on heart rate, blood pressure, and ECGs following treatment at doses of 10/2 
mg/kg, 10/10 mg/kg and 10/50 mg/kg of palonosetron/netupitant on day one in 
conscious telemetered dogs.  However, the combination of 10 mg/kg palonosetron and 
50 mg/kg netupitant increased heart rate (+17-20%) on treatment day 7 and prolonged 
the corrected QT intervals (+15-23%) as compared to the pretreatment values on 
treatment day14.   
 
 
Respiratory system: 
  
Oral administration of netupitant had no effects on respiratory parameters including 
respiratory rate, tidal volume, and minute volume at doses of 2, 10, and 50 mg/kg in 
dogs. 
 
Renal/Urinary systems: 
 
Netupitant had no clear effects on renal and urinary systems in female Sprague-Dawley 
rats following single oral doses of 3, 30 and 100 mg/kg. 
 
Gastrointestinal system: 
 
Netupitant had no effect on gastrointestinal motility or gastric emptying in female 
Sprague-Dawley rats following single oral doses of 3, 30 and 100 mg/kg.    
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5 Pharmacokinetics/ADME/Toxicokinetics 

5.1 PK/ADME 
 
Absorption: 
 
Rat 
 
To study the pharmacokinetics of netupitant, Wistar rats (8 males) were treated by oral 
gavage with one of two netupitant suspensions: Standard Suspension Vehicle (SSV) 
and thixotropic vehicle (GKM0022).  Plasma netupitant concentrations were determined 
using an LC-MS method.  The results are summarized in the following sponsor’s table.  
 

 
 
The oral bioavailability was calculated using the results from an IV study (studies 
#1000990 and #B-0168943, described below).  The bioavailability was 71% for the 
suspension in SSV and 66% for the suspension in the thixotropic vehicle.  
 
The pharmacokinetic profile of netupitant was also assessed in rats following a single 
intravenous, intraperitoneal and oral administration (studies #1000990 and #B-0168943) 
using an LC-MS method.  The results were summarized in the following sponsor’s table. 
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Netupitant exhibited a long terminal half-life (11-67 hr). The oral bioavailability was 52-
87%% for netupitant dihydrochloride salt given in water and 48% for netupitant free 
base in SSV. 
 
 
Dog 
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The pharmacokinetic profile of netupitant was assessed in dogs following intravenous 
(lactate salt, 3 mg/kg) and oral doses (study #2000698).  Various salt forms and 
netupitant free base were administered orally at doses of 70 or 120 mg free base 
equivalent, which was approximately 5.4 or 8.5 mg/kg, respectively.  Plasma netupitant 
concentrations were determined using an LC-MS method.  The results are summarized 
in the following tables (taken from the study report). 
 
 

 
 
 

 
 
Netupitant exhibited a long terminal half-life (34 to 56 hours) following an oral dose.  
The oral bioavailability of netupitant varied among the free base and salts that were 
tested.  
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The oral bioavailability of netupitant was also determined in another study in fasted 
dogs (study #1006336).  In this study, dogs were fasted overnight before drug 
administration and fed 30 min before dosing (oral gelatin capsules).  Netupitant plasma 
concentrations were determined using an LC-MS method.  Based on the AUC 
determined from the intravenous dose in the above study, the oral bioavailability was 
55-57% at a dose of 70 mg free base.  It appears that concomitant administration of 
netupitant with food did not have a major effect on the oral bioavailability. 
 
 
Monkey 
 
The pharmacokinetics of netupitant was characterized following a single intravenous 
administration (mesylate salt) and a single oral administration (free base or tartrate salt) 
in cynomolgus monkeys (study #1006445), using an LC-MS method for determination of 
plasma netupitant concentrations.  The results are summarized in the following tables 
(taken from the study report). 
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Netupitant exhibited a terminal half-life in the range of 8-12 hours following oral or 
intravenous administration.  The oral bioavailability of netupitant was 37-62% among the 
three monkeys with results reported. 
 
 
Distribution: 
 
Rat 
 
To study the tissue distribution, [14C]-netupitant was given orally (10 mg/kg) and 
intravenously (5 mg/kg) to albino or pigmented male rats (study #1007004). The total 
radioactivity in blood, plasma and urine was measured using quantitative whole-body 
autoradiography.  The plasma concentrations of the unchanged drug and its metabolites 
M1, M2, and M3 were determined using an LC-MS method. 
 
Following intravenous administration, the radioactivity was extensively distributed to 
almost all tissues, with the highest radioactivity levels in the lung, followed by adrenal 
cortex, spleen, brown fat, liver and pancreas.  After oral administration, the radioactivity 
was found to be highest in the Harderian gland, followed by lung, adrenal, spleen, 
pituitary, exorbital and intraorbital lachrymal glands, and thyroid.  The radioactivity levels 
were generally higher in tissues than in plasma, except for the brain and spinal cord.  
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The plasma radioactivity was mainly associated with metabolite M1 at 24 hours after 
dosing, suggesting that the terminal distribution and elimination of radioactivity was with 
M1, not the parent drug.   
 
The tissue levels of radioactivity at 24 hours were higher following repeated dosing as 
compared to a single dose, suggesting that netupitant is accumulated over time.  The 
tissue distribution profile in pigmented rats was similar to that in albino rats. 
 
Distribution in brain was also assessed following intravenous administration in rats 
(studies #1000990 and #B-168943).  A single intravenous dose of 9.4 mg/kg netupitant 
was given to rats, and the netupitant concentration in brain was then determined using 
an LC-MS method.  The results are summarized in the following sponsor’s table. 
 
 

 
 
The data indicates that drug concentrations were higher in brain than in plasma.  
 
Dog 
 
The distribution of netupitant and metabolites in heart was determined in dogs in toxicity 
studies (see the sponsor’s table below). 
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Netupitant and the metabolites M1 and M3 were identified in the heart tissues with 
higher level of M1. 
 
Protein binding studies 
 
The plasma protein binding study was conducted with netupitant using human, dog, rat, 
and gerbil blood samples (study #1006047).  The protein concentrations were 
determined using liquid scintillation counting.  The mouse plasma protein binding was 
also studied using a dialysis method (study #NETU-08-08), and the protein 
concentrations were determined using LC-MS/MS.  Netupitant exhibited high levels of 
binding (>99%) to plasma proteins in all species.  The fraction of drug in erythrocytes 
was ~13% in human and dog, and 17-37% in rat.   
 
The plasma protein binding of the major metabolites M1, M2, and M3 was also 
determined using the blood samples from human, dog, and Wistar rat (study 
#1010388).  The results indicated that plasma protein binding was >99% for M1, and 
97-99% for M2 and M3 in all species.  The blood/plasma concentration ratios for M1, 
M2, and M3 were 1.1, 0.69, and 0.61, respectively, in humans, 0.73, 0.66, and 0.76, 
respectively, in dogs, and 0.94, 0.69, and 0.82, respectively, in rat.  The blood/plasma 
concentration ratios for the parent drug were 0.69 in human, 0.77 in dog, and 0.77 in 
rats.  
 
 
Metabolism: 
 
Rat 
 
To determine the netupitant metabolite profiles, plasma, urine, bile and feces were 
collected from bile duct cannulated male Wistar rats (study #1009719) following a single 
oral (4 mg/kg) and intravenous (2 mg/kg) dose of 14C-netupitant.  The results indicated 
that ~9-15% of the radiolabeled dose was recovered from feces, 12 to 40% in bile, and 
< 1% in urine through the end of the study (96 hours).   
 
In plasma samples, parent drug accounted for over 50% of the total radioactivity, with 
up to 31% associated with metabolite M1, up to 7% associated with M2, up to 3% 
associated with M3, and up to 6% associated with a mono-hydroxylated metabolite.  
 
In bile samples, the parent drug accounted for 27 to 40% of the total biliary drug-related 
material.  The metabolites in bile included M1 (7-13%), M2 (5-12%), M3 (9-13%), and 
M8 (2.5-7%). 
 
In feces, the parent drug accounted for 50-70% of the total fecal drug-related material, 
and the metabolites M1 and M2 accounted for 14-24% and 8-16%, respectively.  Other 
metabolites accounted each for < 7% of the total fecal drug-related material. 
 
 

Reference ID: 3527655



NDA 205,718         Reviewer: Ke Zhang 
 

35 

Dog 
 
To determine the netupitant metabolite profiles, plasma, urine, bile, and feces were 
collected from bile duct cannulated female dogs (study #1009870) following a single 
oral (6 mg/kg) and intravenous (2 mg/kg) dose of 14C-netupitant.  The results indicated 
that following intravenous administration, the parent drug accounted for 33-73% of the 
total radioactivity in plasma, M2 accounted for 27-58%, and M1 accounted for 20.6%. 
 
Following oral administration, the parent drug accounted for 3-40% of the total 
radioactivity in plasma, M2 accounted for 10-58%, M1 accounted for 3-16%, and M3 
and additional secondary polar metabolites each accounted for 2-9%. 
 
The biliary excretion of radioactivity accounted for 59% and 30-39% of the intravenous 
and oral dose, respectively.  A small fraction of the dose was found in urine (0.4 to 3%).  
 
In bile, the parent drug accounted for 2 to 4% of the total radioactivity, M2 accounted for 
30-43%, the further hydroxylated M5 accounted for 10-14%, a glucuronide of the 
oxidative metabolite M6 (M6-G) accounted for 8-11%, and the glucuronide of M8 
accounted for 3-5%.  In urine, a small fraction of the dose was found, which consisted 
mainly of polar metabolites (M5, M6, and M8) conjugated to glucuronic acid.   
 
The metabolic pathway for netupitant is presented in the sponsor’s figure below. 
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A metabolism study with netupitant was performed using human, rat, dog, minipig and 
marmoset liver microsomes (studies #1003832 and #NETU-10-34). The results 
indicated that three major metabolites including an N-demethylation product (M1), an N-
oxidation product (M2), and a hydroxylation product (M3) were present in all species.   
 
The results from the study with recombinant expressed human CYP450 isoenzymes 
indicated that the oxidative steps were catalyzed by CYP3A4, but not by CYP2C9, 
CYP2C19, or CYP2D6.  The apparent Km of 11.3 μM and Vmax of 1.5 nmol/min/mg 
protein were for the oxidative metabolism of netupitant.  The apparent Km of 2.8-9.1 μM 
was for the N-demethylation of the parent compound to the metabolite M1.  
 
 
Excretion: 
 
Rat 
 
In a mass balance study in rats, [14C]netupitant was given orally (4.7 mg/kg) and 
intravenously (4.9 mg/kg) to normal male rats (study #1001466).  The excretion of 
[14C]netupitant following both routes of administration was not completed after one 
week, with 6.0 ± 1.5% of the oral dose and 7.2 ± 0.8% of the intravenous dose still 
remaining in the carcass and gastrointestinal tract.  Biliary elimination was the major 
route of excretion, as indicated by the recovery of ~87% of the radioactive dose in feces 
following intravenous administration.  Similarly, ~86% of the dose was recovered in 
feces following oral administration.  The urinary excretion accounted for <1% of the 
dose.  Following intravenous administration, high levels of radioactivity were found in 
the stomach about one hour after dosing (study #1007004).  
 
Dog 
 
The netupitant excretion was studied in beagle dogs following oral (5 mg/kg) and 
intravenous (2 mg/kg) doses of [14C]netupitant (study #1009956).  Urine, feces, and 
cage washings were collected up to 1008 hours (42 days) after dosing.  The results 
indicated that the total excretion was approximately 88% of the dose within two weeks 
following oral or intravenous administration.  The majority of the radioactivity was found 
in feces, accounting for 88-90% of the administered dose; <2% was recovered in urine.  

 

5.2 Toxicokinetics  
See each individual toxicity studies. 

6 General Toxicology 

6.1 Single-Dose Toxicity 
 
In the acute oral toxicity study in mice (# NETU-07-23), netupitant was lethal at 1000 
and 2000 mg/kg.  
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In a study in Wistar rats (# 1009566), netupitant was administered orally at 0, 500, 
1000, 1500 and 2000 mg/kg.  The dose of 2000 mg/kg was lethal.  Histopathological 
examination revealed foamy/vacuolated macrophages in the liver, lungs, skeletal 
muscle, mesenteric lymph nodes, duodenum, spleen, and stomach at doses of 1500 
and 2000 mg/kg, suggesting phospholipidosis.   
 
In a study with Beagle dogs (# 1009567), netupitant was administered orally at 0, 200, 
300 and 400 mg/kg using a capsule formulation.  Body weight loss and/or a decrease in 
body weight gain were noted at all dose-levels.  Histopathological examination revealed 
increased incidence of vacuolated macrophage infiltration in the gall bladder and foamy 
alveolar macrophage at 400 mg/kg, suggesting phospholipidosis. 
 

6.2 Repeat-Dose Toxicity 
 
Mouse: 
 
There were three oral toxicity studies in Crl:CD-1(ICR) mice including 7-day (# NETU-
07-022), 4-week (# NETU-07-025), and 13-week (# NETU-07-026) oral toxicity studies. 
In the 7-day oral toxicity, netupitant was given by oral gavage to CD-1 mice at 0, 30, 
120, and 450 mg/kg/day.  The doses of 120 mg/kg/day or higher resulted in body weight 
loss, and the dose of 450 mg/kg/day was lethal.  The dose of 30 mg/kg/day was 
selected as the high dose for the subsequent 4-week oral toxicity study in mice.  In the 
4-week oral toxicity, netupitant was given by oral gavage to CD-1 mice at 0, 3, 10, and 
30 mg/kg/day.  At 30 mg/kg/day, the histopathological exam revealed increased 
incidence of foamy histiocytes in the liver, lungs, and mandibular lymph nodes.  Based 
on the results, the dose of 10 mg/kg/day was selected as the high dose for the 13-week 
oral toxicity study.  In the 13-week oral toxicity study, netupitant was given by oral 
gavage to CD-1 mice at 0, 1, 3, and 10 mg/kg/day.  There were no clear treatment- 
related changes.  The dose of 10 mg/kg/day was the no observed effect level (NOEL). 
 
Rat: 
 
Oral toxicity studies two weeks and four weeks duration were conducted in rats (# 
1007326, # B-167719, # B-167723, # 1006011, and # 1003562).  The highest dose 
tested in these studies was 300 mg/kg/day (2-week studies).  Animals were sacrificed 
prior to study termination at doses of 300 mg/kg/day in the 2-week studies and 100 
mg/kg/day in a 4-week study due to body weight loss.  Thus, the dose of 100 mg/kg/day 
exceeded the MTD.  Phospholipidosis was noted at doses of 30 mg/kg/day or higher.   
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Study title:  26-week Oral Toxicity Study with Netupitant in Rats 
 

Study no.: NETU-07-21 
Study report location: n/a 

Conducting laboratory and location:

Date of study initiation: August 16, 2007 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: Netupitant, 27003139, 98.7% 

 
Key Study Findings: 
 
Rats were treated with netupitant at 0, 1, 3, or 10 mg/kg/day by oral gavage for 26 
weeks.  Treatment with 10 mg/kg/day resulted in periacinar hepatocytic hypertrophy, 
thyroid follicular epithelial hypertrophy (males), thymic atrophy, increased aggregations 
of alveolar macrophages, and syncytial macrophages in mandibular and mesenteric 
lymph nodes and spleen.  The NOAEL is considered to be 3 mg/kg/day based on the 
microscopic findings, although the high dose of 10 mg/kg/day was well tolerated. 
 
Methods 
 

Doses: 0, 1, 3, and 10 mg/kg/day 
Frequency of dosing: Daily 

Route of administration: Oral gavage 
Dose volume: 5 ml/kg 

Formulation/Vehicle: Thixotrope vehicle 
Species/Strain: Crl:WI(Han) rats 

Number/Sex/Group: 20/sex/group and additional 10/sex/group in 
control and high dose groups 

Age: ~7 weeks 
Weight: Males: 228-232 g  

Females: 163-166 g 
Satellite groups: 3, 5, 5, and 5/sex/group 

Unique study design: No 
Deviation from study protocol: No deviation occurred which adversely affected 

the quality of the study. 
 
The dose selection was based on the results of the previous studies including a   
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Hematology 
 
Slight decreases in hemoglobin, hematocrit, mean corpuscular volume and mean 
corpuscular hemoglobin were noted in the high dose females. 
 
Clinical Chemistry 
 
In high dose group, increased total globulin, total protein, cholesterol, triglycerides 
(females only), phospholipids and decreased albumin/globulin ratio and total bilirubin 
were noted.  
 
Urinalysis 
 
There were no clearly treatment related changes. 
 
Gross Pathology 
 
An accentuated lobular pattern of the liver was noted in one high-dose male and foci on 
the lungs was observed in 5 high-dose females. 
 
Organ Weights 
 
Increased absolute and relative liver weights occurred in the high-dose males and 
females (relative liver weights ~115-121% of the control), decreased absolute and 
relative thymus weights were noted in the middle and high-dose females, and a minimal 
increase in relative kidney weight was observed in the high-dose females. 
 
Histopathology 
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Toxicokinetics 
 
The toxicokinetic data for netupitant and the metabolites M1, M2, and M3 were 
summarized in the following sponsor’s tables.  The AUC values for netupitant and M1 
were generally comparable, whereas the plasma exposure to M2 and M3 was much 
lower.  
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Dosing Solution Analysis 
 
The analysis of drug concentration in samples of dosing formulations from each dose-
group was in agreement with target concentrations (between 90% and 110%). 
 
 
Dog: 
 
Study title:  RO0673189: Thirteen week oral (capsule) toxicity study in dogs 
 

Reference ID: 3527655



NDA 205,718         Reviewer: Ke Zhang 
 

60 

Study no.: 1009175 
Study report location: n/a 

Conducting laboratory and location: 

Date of study initiation: November 13 2002 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: RO0673189-008, BS0204SA01, 99.8% 

 
Key Study Findings: 
 
Dogs were treated with netupitant at 0, 1, 3, and 10 mg/kg/day via oral capsule for 13 
weeks.  Treatment with netupitant at 10 mg/kg/day resulted in vacuolated macrophages 
or vacuolated tingible body macrophages in the lymphoid tissue (mesenteric or 
mandibular lymph nodes, Peyer's patches or colonic lymphoid tissue), suggesting a 
drug-induced phospholipidosis.  Since the microscopic lesions are not considered to be 
adverse, the NOAEL is 10 mg/kg/day. 
 
Methods 
 

Doses: 0, 1, 3, and 10 mg/kg/day 
Frequency of dosing: Daily 

Route of administration: Oral capsule 
Dose volume: N/A 

Formulation/Vehicle: Empty capsule 
Species/Strain: beagle dogs 

Number/Sex/Group: 3 or 5/sex/group  
Age: ~5-6 months 

Weight: Males: 9-11 kg  
Females: 7-10 kg 

Satellite groups: none 
Unique study design: No 

Deviation from study protocol: No deviation occurred which adversely affected 
the quality of the study. 

 
Dose selection was based on the results of the 4-week oral dose toxicity study in dogs  
(#1006010).  Body weight loss was noted at doses of 15 mg/kg/day or higher in this 
study.  The sponsor selected 10 mg/kg/day as the high dose in the current study.  There 
was also a 7-day oral toxicity study in female Beagle dogs with doses up to 15 
mg/kg/day (#1006679).  In this study, slight body weight loss and aggregates of foamy 
or vacuolated macrophages in lymphoid tissue and intestinal mucosa, suggesting 
phospholipidosis, were noted at 15 mg/kg/day.  
 
 
Observations and Results 
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Mortality 
 
No deaths occurred. 
 
Clinical Signs 
 
There were no clearly treatment-related changes. 
 
Body Weights 
 
There were no clear treatment effects on body weight. 
 
Feed Consumption 
 
Slightly lower food consumption was noted in the high dose groups. 
 
Ophthalmoscopy 
 
There were no clearly treatment-related changes. 
 
ECG 
 
There were no clear treatment effects on blood pressure, heart rate, or ECGs. 
These cardiovascular parameters were determined before study initiation and on days 
1, 25, 88, and 142 at pre-dose and 1, and 6 hours after dosing.  
  
Hematology 
 
There were no clearly treatment-related changes. 
 
Clinical Chemistry 
 
There were no clearly treatment-related changes. 
 
Urinalysis 
 
There were no clearly treatment-related changes. 
 
Gross Pathology 
 
Darkness or dark areas were seen in the jejunum in one male each from low dose and 
high dose groups, and in one male and one female from middle dose group.  
 
Organ Weights 
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The absolute and relative liver weights were higher in the high dose group (+18% and 
+19%, respectively, in males and (+40% and +52%, respectively, in females as 
compared to the controls. 
 
Histopathology 
 
Vacuolated macrophages or vacuolated tingible body macrophages were observed in 
the lymphoid tissue (mesenteric or mandibular lymph nodes, Peyer's patches or colonic 
lymphoid tissue) in the high dose group, suggesting a drug-induced phospholipidosis.  
These effects are not considered to be adverse. 
 
Toxicokinetics 
 
The maximum plasma concentrations of netupitant (Cmax) in males were 84.6, 229 and 
843 ng/mL on day 0 and 169, 342 and 819 ng/mL on day 87 following doses of 1, 3 and 
10 mg/kg netupitant, respectively. 
 
The Cmax values for netupitant in females were 89.7, 244 and 635 ng/mL on day 0 and 
137, 324 and 420 ng/mL on day 87 following doses of 1, 3 and 10 mg/kg netupitant, 
respectively.   
 
The AUC0-24hr values for netupitant in males were 880, 2140 and 7850 ng•hr/mL on day 
0, and 2230, 3970 and 11,000 ng•hr/mL on day 87 following doses of 1, 3 and 10 mg/kg 
netupitant, respectively. 
 
The AUC0-24hr values for netupitant in females were 771, 2350 and 7310 ng•hr/mL on 
day 0, and 1640, 3520 and 6470 ng•hr/mL on day 87 following doses of 1, 3 and 10 
mg/kg netupitant, respectively.  
 
In males, Cmax values for the main metabolite (M1) were 139, 261 and 1130 ng/mL on 
day 87 following doses of 1, 3 and 10 mg/kg netupitant, respectively.  AUC values for 
M1 in males were 130%, 146%, and 231% of that of the parent compound on day 87 
following doses of 1, 3 and 10 mg/kg, respectively.  
 
In females, Cmax values for the main metabolite (M1) were 106, 280 and 716 ng/mL on 
day 87 following doses of 1, 3 and 10 mg/kg netupitant, respectively.  AUC values for 
M1 in females were 127%, 163%, and 241% of that of the parent compound on day 87 
following doses of 1, 3 and 10 mg/kg, respectively.  
 
The AUC0-24hr values for metabolite M2 were 41% and 48% of that of the parent 
compound on day 87 in females and males, respectively.  The AUC0-24hr values for 
metabolite M3 were 14% and 11% of that of the parent compound on day 87 in females 
and males, respectively.  
 
Dosing Solution Analysis 
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Oral capsules were used.  The test article was packed in capsules on the day before the 
day of dosing.  
 
 
Study title:  9-Month oral gavage toxicity study in dogs 
 

Study no.: NETU-07-22 
Study report location: n/a 

Conducting laboratory and location:

Date of study initiation: October 15, 2007 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: Netupitant, 27003139, 98.9% 

 
Key Study Findings: 
 
Dogs were treated with netupitant at 0, 1, 3, and 10 mg/kg/day by oral gavage for 9 
months.  Treatment with netupitant at 10 mg/kg/day slightly increased the QTc and PQ 
intervals (males), and produced minimal periacinar hepatocytic hypertrophy (males).  
Plasma exposure to the metabolite M1 was approximately 2 times that of netupitant.  
The NOAEL was 10 mg/kg/day. 
 
Methods 
 

Doses: 0, 1, 3, and 10 mg/kg/day 
Frequency of dosing: Daily 

Route of administration: Oral gavage 
Dose volume: 1 ml/kg 

Formulation/Vehicle: Thixotrope vehicle 
Species/Strain: beagle dogs 

Number/Sex/Group: 4 or 7/sex/group (see sponsor’s table below)  
Age: ~5-6 months 

Weight: Males: 8.0-8.2 kg  
Females: 5.7-5.9 kg 

Satellite groups: None 
Unique study design: None 

Deviation from study protocol: No deviation occurred which adversely affected 
the quality of the study. 

 

Reference ID: 3527655

(b) (4)



NDA 205,718         Reviewer: Ke Zhang 
 

64 

 
 
Dose selection was based on the results of the 4-week oral dose toxicity study in dogs  
(# 1006010).  Body weight loss was noted at doses of 15 mg/kg/day or higher in this 
study.  The sponsor selected 10 mg/kg/day as the high dose in the current study.  There 
was also a 7-day oral toxicity study in female Beagle dogs (# 1006679), with doses up 
to 15 mg/kg/day.  In that study, slight body weight loss and aggregates of foamy or 
vacuolated macrophages in lymphoid tissue and intestinal mucosa were observed at 15 
mg/kg/day, suggesting phospholipidosis. 
 
Observations and Results 
 
Mortality 
 
One high-dose male was sacrificed due to moribund condition. 
 
Clinical Signs 
 
There were no clearly treatment-related signs. 
 
Body Weights 
 
The terminal body weight gains were 41% for the control males and 28% for the high- 
dose males, and 53% for control females and 36% for high-dose females. 
 
Feed Consumption 
 
Slightly lower food consumption was noted in the high-dose females. 
 
Ophthalmoscopy 
 
There were no clearly treatment-related changes. 
 
ECG 
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Slightly prolonged QTc intervals were noted in the high-dose males during treatment 
weeks 13 and 26 (231-240 msec measured post-dose, compared with 213-215 msec at 
pre-dose). 
   
Slightly prolonged PQ intervals were also noted in the high-dose males during treatment 
weeks 13 and 26 (98-104 msec measured post-dose, compared with 83-93 msec at 
pre-dose). 
 
There were no clear treatment effects on blood pressure. 
 
Hematology 
 
There were no clearly treatment-related changes. 
 
Clinical Chemistry 
 
Alkaline phosphatase was increased (131-262 U/L in high dose group compared to 50-
118 U/L in control group). 
     
Urinalysis 
 
There were no clearly treatment-related changes. 
 
Gross Pathology 
 
An enlarged liver was noted in one high-dose male.   
 
Organ Weights 
 
The absolute and relative liver weights were approximately 139% and 151% of mean 
control weight in the high-dose males. 
 
Histopathology 
 
Minimal periacinar hepatocytic hypertrophy was noted in the high-dose males. 
 
Toxicokinetics 
 
The toxicokinetic data for netupitant and the metabolites M1, M2, and M3 are 
summarized in the following sponsor’s tables.  The AUC values for M1 were 
approximately 2-fold greater than the AUC values for netupitant.  The AUC values for 
the parent compound and its metabolites in the high-dose group were higher in males. 
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Dosing Solution Analysis 
 
The analysis of drug concentrations in samples of dosing formulations from each dose-
group was in agreement with target concentrations (between 96% and 101%). 
 
 
Study title:  13-Week oral gavage toxicity study with palonosetron and 
netupitant in rats 
 

Study no.: NETU-07-19 
Study report location: n/a 

Conducting laboratory and location:

Date of study initiation: July 2, 2007 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: Palonosetron, 26004786, 99.5% 

Netupitant, BS0307SA01, 99.5% 
 
Key Study Findings: 
 
Rats were treated with netupitant at 1, 3, and 10 mg/kg/day in combination with 
palonosetron at 2, 6, and 18 mg/kg/day, respectively, by oral gavage for 13 weeks.  
Additional groups were treated orally with 10 mg/kg/day netupitant or 18 mg/kg/day 
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palonosetron.  Slight increases in absolute and relative liver weights were noted in the 
high-dose combination group, the netupitant only group, and the palonosetron only 
group (up to 120% of the mean control weight).  Histopathological examination revealed 
adrenal zona fasciculata hypertrophy, hepatocytic hypertrophy, and syncytial 
macrophages in the mesenteric lymph nodes, mainly in the high-dose combination and 
netupitant only groups.  These effects are not considered to be adverse.  Therefore, the 
NOAEL was 10 mg/kg/day netupitant + 18 mg/kg/day palonosetron. 
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Methods 
 

Doses: See sponsor’s table below 
Frequency of dosing: Daily 

Route of administration: Oral gavage 
Dose volume: 5 ml/kg 

Formulation/Vehicle: Thixotrope vehicle 
Species/Strain: Crl:WI(Han) 

Number/Sex/Group: 10/sex/group  
Age: ~6 weeks 

Weight: Males: 160-167 g  
Females: 130-133 g 

Satellite groups: 3 or 5/sex/group 
Unique study design: Combination treatment with both palonosetron 

and netupitant, and individual drugs 
Deviation from study protocol: No deviation occurred which adversely affected 

the quality of the study. 
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The dose selection was based on the results of the previous toxicity studies including  
7-day and 28-day studies in rats with combination treatment (# NETU-06-20 and # 
NETU-06-03, respectively).  Doses tested in the 28-day study were: 
 
10 mg/kg/day Palonosetron and 3 mg/kg/day Netupitant 
18 mg/kg/day Palonosetron and 10 mg/kg/day Netupitant 
60 mg/kg/day Palonosetron and 30 mg/kg/day Netupitant 
 
The group treated with 60 mg/kg/day palonosetron and 30 mg/kg/day netupitant 
exhibited hunched posture, reduced body weight, and increased incidence and severity 
of syncytial macrophages in mesenteric lymph nodes.  The sponsor selected 18 
mg/kg/day palonosetron and 10 mg/kg/day netupitant as the high-dose combination for 
the current study. 
 
 
Observations and Results 
 
Mortality 
 
Two main study toxicity rats and 3 satellite rats died during blood sampling.  These 
deaths were not treatment related. 
 
Clinical Signs 
 
Increased salivation was noted in the high-dose combination group. 
 
Body Weights 
 
There were no clearly treatment-related changes. 
 
Feed Consumption 
 
Slightly lower food consumption was noted in the high dose group during weeks 1 and 
2. 
 
Ophthalmoscopy 
 
There were no clearly treatment-related changes. 
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ECG 
 
Not performed. 
 
Hematology 
 
A minimal decrease in hemoglobin and hematocrit was noted in the high dose 
combination group. 
 
Clinical Chemistry 
 
There were no clearly treatment-related changes. 
 
Urinalysis 
 
There were no clearly treatment-related changes. 
 
Gross Pathology 
 
There were no clearly treatment-related changes. 
 
Organ Weights 
 
Slight increases in absolute and relative liver weights were noted in the high-dose 
combination group, netupitant only group, and palonosetron only group (up to 120% of 
control mean weight).  A slight increase in relative spleen weight was also noted in the 
males of the high-dose combination group. 
  
Histopathology 
 
Adrenal zona fasciculata hypertrophy in the high-dose combination females and the 10 
mg/kg/day netupitant only females appeared to be treatment related.  Periacinar 
hepatocytic hypertrophy appeared to be treatment related in the high-dose combination 
females, the 10 mg/kg/day netupitant only males and females, and the 18 mg/kg/day 
palonosetron only females.  Syncytial macrophages in the mesenteric lymph node 
appeared to be treatment related in the mid-dose combination females, high-dose 
combination males and females, and the 10 mg/kg/day netupitant only males and 
females.  The effects in adrenals and liver were not seen in the recovery animals, 
whereas syncytial macrophages in mesenteric lymph nodes were still present in the 
recovery animals. 
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Toxicokinetics 
 
The toxicokinetic data for palonosetron, netupitant, and the netupitant metabolites M1, 
M2, and M3 are summarized in the following sponsor’s tables.   
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Dosing Solution Analysis 
 
For palonosetron, the concentrations measured in dosing formulations for groups 2 to 5 
were in the range of 87–111% of the nominal concentrations.  For netupitant, the 
concentrations measured in dosing formulations for groups 2 to 4 and group 6 were 
between 89% and 107% of the nominal concentrations.  The mean values of the 
duplicate samples were within the range of 90-110%.   
 
 
Study title:  13-Week oral gavage toxicity study with palonosetron and 
netupitant in dogs 
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Study no.: NETU-07-18 
Study report location: n/a 

Conducting laboratory and location: 

Date of study initiation: June 11, 2007 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: Palonosetron, 25004427 and  

99.7%26004786, 99.5% 
Netupitant, BS0307SA01, 99.5% 

 
Key Study Findings: 
 
Dogs were treated with netupitant at 1, 3, and 10 mg/kg/day combined with 
palonosetron at 3, 5, and 10 mg/kg/day, respectively, by oral gavage for 13 weeks.  
Slight decreases in body weight gain and food consumption were noted in the high-dose 
group.  The ST-interval, uncorrected QT-interval, and corrected QT intervals according 
to Van de Water and Fridericia were slightly prolonged in the high dose females as 
compared to the control females.  No treatment-related histopathological changes were 
noted.  The NOAEL was the combination dose of 3 mg/kg/day netupitant and 5 
mg/kg/day palonosetron. 
 
 
Methods 
 

Doses: See table below 
Frequency of dosing: Daily 

Route of administration: Oral gavage 
Dose volume: 1 ml/kg 

Formulation/Vehicle: Thixotrope vehicle 
Species/Strain: beagle dogs 

Number/Sex/Group: 4 or 6/sex/group (see sponsor’s table below) 
Age: ~5-6 months 

Weight: Males: 8.0-8.1 kg  
Females: 6.9-7.1 kg 

Satellite groups: none 
Unique study design: Treatment with both palonosetron and netupitant 

Deviation from study protocol: No deviation occurred which adversely affected 
the quality of the study. 
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The dose selection was based on results of the previous toxicity studies, including a  7-
day and 28-day study in dogs with combination treatment (# NETU-06-21 and # NETU-
06-05, respectively).  The doses tested in the 28-day dog study were: 
 
10 mg/kg/day palonosetron and 3 mg/kg/day netupitant 
15 mg/kg/day palonosetron and 7.5 mg/kg/day netupitant 
15 mg/kg/day palonosetron and 15 mg/kg/day netupitant. 
 
The groups treated with 15 mg/kg/day palonosetron + 7.5 mg/kg/day netupitant and 15 
mg/kg/day palonosetron + 15 mg/kg/day netupitant exhibited tremors and seizure-like 
episodes. Therefore, the sponsor selected 10 mg/kg/day as the high dose for both 
palonosetron and netupitant in the current study. 
 
Observations and Results 
 
Mortality 
 
No deaths occurred. 
 
Clinical Signs 
 
There were no clearly treatment-related signs. 
 
Body Weights 
 
The terminal body weight gain was reduced in the combination high-dose females (0.9 
kg, as compared to 2 kg in the control females).  
 
Feed Consumption 
 
A slight reduction in food consumption was noted in the combination high-dose group 
during weeks 1 and 2. 
 
Ophthalmoscopy 
 
There were no clearly treatment-related changes. 
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ECG 
 
ECGs were measured before study initiation and on day 2 and weeks 4, 8, and 13 (pre-
dose, 2, and 6 hours after dosing). 
 
The ST-interval, uncorrected QT-interval, and corrected QT intervals according to Van 
de Water and Fridericia were slightly prolonged in the high-dose females, as compared 
to the control females.  
 
Hematology 
 
There were no clearly treatment-related changes. 
 
Clinical Chemistry 
 
A slight decrease in albumin concentration occurred in the mid- (31.4 g/L) and high-
dose (31.5 g/L) males at the end of treatment, as compared to 34.2 g/L in the control 
males. 
 
A slight increase in glucose was noted in the mid- (6.56 mmol/l) and high-dose (6.5 
mmol/l) males at the end of treatment, as compared to 5.81 mmol/l in the control males.   
 
A slight decrease in triglycerides was seen in high-dose females (0.48 mmol/l) at the 
end of treatment, as compared to 0.62 mmol/l in the control females. 
 
Urinalysis 
 
There were no clearly treatment-related changes. 
 
Gross Pathology 
 
There were no clearly treatment-related changes. 
 
Organ Weights 
 
Relative liver weights were increased slightly in the high-dose. 
 
Histopathology 
 
There were no clearly treatment-related changes. 
 
Toxicokinetics 
 
The toxicokinetic data for palonosetron, netupitant, and the netupitant metabolites M1, 
M2, and M3 are summarized in the following sponsor’s tables.   
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Dosing Solution Analysis 
 
For palonosetron, the concentrations analyzed in the dosing formulations were in the 
range of 90-115% of the nominal concentration.  The values slightly above 110% were 
noted.   
 
For netupitant, the concentrations analyzed in the dosing formulations were in the range 
of 87-102% of the nominal concentration.  The values slightly below 90% were noted. 
 
 
2-Week IV toxicity study in rats (# 1008327) 
 
Netupitant was given intravenously via 5-hour infusions to Wistar rats (10/sex/group) at 
0 (vehicle, 5% glucose solution), 3, 9 or 30 mg/kg/day for 14 days.  At 30 mg/kg/day, 
body weight loss and decreased food consumption were noted.  Local reactions were 
observed, including necrosis of the vessel wall, mural thrombi, inflammation of blood 
vessels or adjacent tissue, and endothelial hyperplasia at the injection sites in all 
treatment groups.  These effects were more severe at 30 mg/kg/day.  There were also 
3-day (# 1006118) and 7-day (# 1007386) intravenous non-GLP toxicity studies in rats 
which were used as dose ranging studies for the 2-week IV study in rats. 
 
 
2-Week IV toxicity study in dogs (# 1008328) 
 
Netupitant was given intravenously to 3 male Beagle dogs per group at 0 (vehicle 
control), 1, 3, and 10 mg/kg/day for 14 days.  The vehicle was 5% glucose solution.  
Local reactions including swelling and thrombi at the injection sites and decreased body 
weight gains were noted in all treatment groups, but these effects were more severe at 
the high dose.  There were also two 3-day IV toxicity studies in dogs (# 1006263 and 
1008498) which were used as dose ranging studies for the 2-week IV study in dogs.  
 

7 Genetic Toxicology 

7.1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames) 
Study title:  Evaluation of RO0673189-008 for mutagenic activity in the 
Ames test 
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Study no.: 330M01 
Study report location: n/a 

Conducting laboratory and location: Non-Clinical Drug Safety 
F.Hoffmann La-Roche Ltd., Basel, 
Switzerland 

Date of study initiation: 8/20/2001 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: RO0673189-008, batch #: GPM0403, 

99.6% 
 
Key Study Findings:  Treatment with the test article did not significantly increase the 
number of revertant colonies/plate. 
 
Methods: 

Strains: Salmonella typhimurium strains TA1535, 
TA97, TA98, TA100, and TA102 

 Concentrations in definitive study: 5 to 500 µg/plate and 1 to 100 µg/plate 
 (see sponsor’s tables 1 and 2 below) 

Basis of concentration selection: Toxicity were observed at concentrations of 
200 µg/plate (-S9) and 632 µg/plate (+S9) 
based on reduction of background growth 
and reduction or absence of revertant 
colonies. 

Negative control: DMSO 
Positive control: See below. 

Formulation/Vehicle: DMSO 
Incubation & sampling time: The plates were incubated at 37°C for 

2 days. 
 
Positive controls 
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Ames test (study #023M99) 
 
The sponsor also conducted another Ames test at lower concentrations with RO67-
3189/001 with a negative result.  Since the concentrations of the test drug in the above 

Reference ID: 3527655

        
           

   

    

 
 

    
 

 
 

 
 

   
 

 
 

 
 

  
  

  
 

   
 

  
 

 
 

 
 

   

 
 

   

 
 

 
 

   

 
 

 
 

 
 

   

 
 

 
 

   
   

 
 

 
 

   

 
 

   

 
 

 
 

   

 
 

 
 

 
 

   

 
 

 
 

            

  

 
 

 
 

   

 
 

   

 
 

 
 

   



NDA 205,718         Reviewer: Ke Zhang 
 

93 

Ames test (study # 330M01) covers those in the current study, the full review on this 
study is not performed.  Following paragraph is from the sponsor’s report. 
 

 
 

7.2 In Vitro Assays in Mammalian Cells 
Study title:  R00673189-008: Mouse Lymphoma Cell Mutation Test 
 

Study no.: 312M01 
Study report location: n/a 

Conducting laboratory and location:  Non-Clinical Drug Safety department  
 F. Hoffmann-La Roche Ltd,   
Basel, Switzerland 

Date of study initiation: August 8, 2001 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: R00673189-008 / GPM0403 / 99.5% 

 
Key Study Findings: Treatment with test article did not significantly increase the mutant 
frequencies as compared to the control.  
 
Methods: 
 

Cell line: mouse lymphoma L5178Y tk+/- 
 Concentrations in definitive study: See sponsor’s table 3  
Basis of concentration selection:     Cytotoxicity was observed at higher 

concentrations. 
Negative control: DMSO 
Positive control: See sponsor’s table below 

Formulation/Vehicle: DMSO 
Incubation & sampling time: Incubation times were 3 and 24 hours 
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7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay) 
Study title:  RO0673189-008: Micronucleus test in rat bone marrow and 
toxicokinetics monitoring - Oral administration (gavage) 
 

Study no: 302M01 
Study report location: n/a 

Conducting laboratory and location: Non-Clinical Drug Safety 
F.Hoffmann La-Roche Ltd., Basel, 
Switzerland 

Date of study initiation: July 24, 2001 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: RO0673189-008, batch #: GPM0403 / 

99.6% 
 
Key Study Findings: Treatment with RO0673189-008 did not significantly increase the 
frequency of micronucleated polychromatic erythrocytes.   
 
Methods: 
 

Doses in definitive study: 160, 400 and 1000 mg/kg 
Frequency of dosing: Daily for two days 

Route of administration: Oral gavage 
Dose volume: 10 ml/kg 

Formulation/Vehicle: Vehicle suspension containing the following 
ingredients: 0.2% Polysorbate 80, 1.6% Avicel 
RC 591, 0.18% Nipagin, 0.02% Nipasol, 0.1 N 
citric acid  

Species/Strain: Wistar HanBrl rats 
Number/Sex/Group: 10 (12/sex in high dose group only) 

Satellite groups: none 
Basis of dose selection: High dose produced clinical signs of toxicity 

such as hypoactivity. 
Negative control: vehicle suspension 
Positive control: Cyclophosphamide monohydrate 

 
At least 4000 polychromatic cells were evaluated per animal. 
 
Study Validity: The study is valid based on the positive response in the positive control 
group. 
 
Results:  
 
Treatment with RO0673189-008 did not significantly increase the frequency of 
micronucleated polychromatic erythrocytes.  However, the positive control compound 
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(cyclophosphamide) produced the expected increase.  The results are summarized in 
the sponsor’s table below. 
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Study no.:  
Study report location: n/a 

Conducting laboratory and location: 

Date of study initiation: May 18, 2012 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: , batch #: 200706120045 

 
Key Study Findings:  Treatment with  did not significantly increase the number 
of revertant colonies/plate.  is a process impurity. 
 
Methods: 
 

Strains: Salmonella typhimurium strains TA1535, 
TA1537, TA98, TA100 and WP2 uvrA 

 Concentrations in definitive study: 5000, 1580, 500, 158 and 50 µg/plate. 
 (see sponsor’s tables below) 

Basis of concentration selection: Highest concentration of 5000 µg/plate was 
used. 

Negative control: DMSO 
Positive control: See below. 

Formulation/Vehicle: DMSO 
Incubation & sampling time: The plates were incubated at 37°C for 

72 hours. 
 
Positive controls 
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Study Validity: The study is valid based on the positive response in the positive control 
group. 
 
Results:   
 
Treatment with the test article did not significantly increase the number of revertant 
colonies/plate, whereas the positive control compounds produced the expected 
significant increases in the number of revertants.  The results are summarized in the 
sponsor’s tables below. 
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Study Validity: The study is valid based on the positive response in the positive control 
groups. 
 
Results:  
 
Treatment with the test article did not significantly increase the number of revertant 
colonies/plate, whereas the positive control compounds produced the expected 
significant increases in the number of revertants.  The results are summarized in the 
sponsor’s tables below. 
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Study title:  BACTERIAL MUTATION ASSAY with METABOLITE M4 
 

Study no.: NETU-12-41 
Study report location: n/a 

Conducting laboratory and location:

Date of study initiation: September 11, 2012 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: METABOLITE M4 / 4-NETU.i24 (M4), 

batch #: ALC1159-02-A 
 
Key Study Findings:  Treatment with the test article did not significantly increase the 
number of revertant colonies/plate. 
 
Methods: 
 

Strains: Salmonella typhimurium strains TA1535, 
TA1537, TA98, TA100 and WP2 uvrA 

 Concentrations in definitive study: 5000, 1580, 500, 158 and 50 µg/plate. 
 (see sponsor’s tables below) 

Basis of concentration selection: Highest concentration of 5000 µg/plate was 
used. 

Negative control: DMSO 
Positive control: See below. 

Formulation/Vehicle: DMSO 
Incubation & sampling time: The plates were incubated at 37°C for 

72 hours. 
 
Positive controls 
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Study Validity: The study is valid based on the positive response in the positive control 
groups. 
 
Results:   
 
Treatment with the test article did not significantly increase the number of revertant 
colonies/plate, whereas the positive control compounds produced the expected 
significant increases in the number of revertants.  The results are summarized in the 
sponsor’s tables below. 
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8 Carcinogenicity 
On July 1, 2008, the Executive Carcinogenicity Assessment Committee (E-CAC) 
reviewed the sponsor’s proposal for a 2-year carcinogenicity study of netupitant in rats. 
The combination of netupitant and palonosetron was developed for prevention of 
chemotherapy-induced acute and delayed nausea and vomiting.  The Committee noted 
that this indication would not normally trigger the need for a carcinogenicity study; 
however, a carcinogenicity evaluation may be needed to support other indications (see 
E-CAC meeting minutes in Appendix).  Therefore, the sponsor did not conduct 
carcinogenicity studies with netupitant to support approval of netupitant + palonosetron 
combination for the proposed indication. 
 

9 Reproductive and Developmental Toxicology 

9.1 Fertility and Early Embryonic Development 
Study title:  Segment I: Oral Study of Fertility and Early Embryonic 
Development in the Rat 
 

Study no.: 257R02 
Study report location: n/a 

Conducting laboratory and location: Non-Clinical Drug Safety 
F. Hoffmann La-Roche Ltd.,  
Basel, Switzerland 

Date of study initiation: June 6, 2002 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: RO0673189-008 / lot # BS0204SA01, 

99.8% 
 
Key Study Findings:   
 
RO0673189-008 was given by oral gavage at doses of 3, 10, and 30 mg/kg/day to male 
and females rats starting at two weeks prior to mating, throughout a two-week mating 
period, and through gestation day 7 in females.  Dosing of males continued until 
necropsy of partnered females, at least until gestation day 14.  Treatment with 
RO0673189-008 at 30 mg/kg/day decreased body weight gain and food consumption.  
The number of corpora lutea, implantation sites, and fetuses per dam were slightly but 
statistically lower in the high dose group (30 mg/kg/day) relative to the control group.  
The sponsor stated that the number of corpora lutea in the high-dose group is within 
normal limits for this strain of rat.  RO0673189-008 did not clearly produce adverse 
effects on fertility in either sex or early embryonic development. 
 
Methods 
 
RO0673189-008 was given by oral gavage at doses of 3, 10, and 30 mg/kg/day to 
males starting two weeks prior to mating, continuing throughout the mating period and 

Reference ID: 3527655



NDA 205,718         Reviewer: Ke Zhang 
 

123 

up to the day prior to sacrifice.  Females were administered the same doses starting at 
14 days prior to mating, continuing throughout the mating period and through day 7 of 
gestation 

 
Doses: 0 (vehicle), 3, 10, and 30 

mg/kg/day 
Frequency of dosing: Once a day 

Dose volume: 5 ml/kg/day 
Route of administration: Oral gavage 

Formulation/Vehicle: Thixotrope vehicle as aqueous 
suspensions (for composition of 
the thixotrope vehicle, see table 
below) 

Species/Strain: Wistar rats (HanIbm:WIST) 
Number/Sex/Group: 25 

Satellite groups: 
Study design: 

Deviation from study protocol: 

None 
See Sponsor’s table below 
No deviation occurred which 
adversely affected the quality of 
the study. 
 

  
 

  
  
  
  

 
 
The age of the rats was not stated.  The doses used in the current study were used 
previously in other toxicity studies, and the high-dose (30 expected to produce adverse 
effects such as reduced food consumption and mg/kg/day) was body weights. 
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Composition of Thixotrope Vehicle 

 
 

  
Observations and Results 
 
Mortality: None.  
 
Clinical Signs: There were no treatment-related changes. 
 
Body Weight: During premating period of 14 days, the initial (day 1) and final (day 14) 
body weights in the control groups were 197 and 220 g for females and 285 and 330 g 
for males, respectively.  The body weight gains at day 14 were 23 g in the control 
females, and 3 g in the high dose females.  The body weight gains at day 14 were 45 g 
in the control males, and 34 g in the high dose males. 
 
Feed Consumption: Decreased food consumption was observed in the high dose 
groups. 
 
Toxicokinetics: Not conducted. 
 
Dosing Solution Analysis: The analysis of drug concentration in samples of dosing 
formulations from each dose-group was satisfactory.  The analysis results were 
summarized in the following table (taken from the study report). 
 

 
 
Necropsy: There were no treatment-related changes. 
 
Fertility and Reproduction Data 
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There were no treatment-related effects on fertility parameters including mating index, 
fertility index, mating days, and estrus stage.  The results are summarized in the 
following sponsor’s table. 
 

 
 
The effects on reproduction parameters including the number of corpora lutea, 
implantation sites, fetuses per female, or pre- and post-implantation loss  are 
summarized in the following sponsor’s table. 
 

 
 
The numbers of corpora lutea, implantation sites, and fetuses per dam were slightly but 
statistically lower in the high dose group (30 mg/kg/day) than those in the control group.  
The sponsor stated that the number of corpora lutea in the high-dose group is within 
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normal limits for this strain of rat.  The Sponsor provided the following explanation for 
the presentation of median values in the table above: “For statistical analysis the 
median was used instead of the mean, because it is more appropriate for non-normally  
distributed data.  For the sake of consistency the median was also used for normally 
distributed data.” 
 
There were no treatment-related effects on sperm motility, weight of the testis, and 
sperm counts. 
 

9.2 Embryonic Fetal Development 
Study title:  Segment II: Oral Study for Effects on Embryo-Fetal 
Development in the Rat 
 

Study no.: 148R02 
Study report location: n/a 

Conducting laboratory and location:   Non-Clinical Drug Safety 
F. Hoffmann La-Roche Ltd., Basel, 
Switzerland 

Date of study initiation: May 15, 2002 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: RO0673189-008, lot#: BS0204SA01, 

99.8% 
 
Key Study Findings:  
 
Treatment with RO0673189-008 at 30 mg/kg/day decreased body weight gain and food 
consumption.  RO0673189-008 did not adversely affect embryo-fetal development.  
RO0673189-008 was not teratogenic in this study.  The maternal NOAEL was 10 
mg/kg/day, based on the decrease (31%) in body weight gain in the 30 mg/kg/day 
females.  The NOEL for embryo-fetal development was 30 mg/kg/day. 
 
Methods   
 
RO0673189-008 was given to pregnant rats by oral gavage at 0 (vehicle), 3, 10 
and 30 mg/kg/day during gestation days 6-17.  The dose selection was based on 
the results of a dose ranging study in rats (study # 041R02).  In this study, 
RO0673189-008 was given by oral gavage to pregnant rats during gestation 
days 6-17 at oral doses of 0, 10, 30 and 100 mg/kg/day.  The high dose resulted 
in clinical signs of toxicity and body weight loss.  Reduction of body weight gain 
was also noted in the mid-dose group (30 mg/kg/day).  Therefore, the dose of 30 
mg/kg/day was selected as the high dose for the Segment II study. 
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Doses: 0 (vehicle), 3, 10, and 30 mg/kg/day 
Frequency of dosing: Once daily 

Dose volume: 5 ml/kg 
Route of administration: Oral gavage 

Formulation/Vehicle: Thixotrope vehicle as aqueous suspensions 
Species/Strain: Wistar rats (HanIbm:WIST) 

# Females/Group: 24 
Satellite groups: 2 females/group 

Study design: See sponsor’s table below 
Deviation from study protocol: No deviation occurred which adversely affected 

the quality of the study. 
 

 

 
 
The age of the females was not stated.  The females were sacrificed on day 21 of 
gestation and assessment of embryo-fetal development was conducted. 
 
 
Observations and Results 
 
Mortality: None. 
 
Clinical Signs: There were no treatment-related clinical signs of toxicity. 
 
Body Weight: Body weights on gestation days 6 and 18 were 228 g and 296 g, 
respectively, in in the control females.  The body weight gains from days 6 to 18 were 
68 g in the control females and 47 g in the high dose females.  Slightly lower body 
weight gain was also noted in the mid dose group, but the weight gain in the low-dose 
group was similar to the control group.  
 
Feed Consumption: Decreased food consumption was observed in the middle and high 
dose groups. 
 
Toxicokinetics:  TK results are summarized in the following sponsor’s table. 
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Dosing Solution Analysis: The analysis of drug concentration in samples of dosing 
formulations from each dose-group was satisfactory.  The analysis results are 
summarized in the following table (taken from the study report). 
 

 
 
Necropsy: There were no treatment-related changes. 
 
Cesarean Section Data  
 
There were no treatment-related effects on the number of implantations or fetuses.  The 
results are summarized in the sponsor’s table below. 
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There were no treatment-related effects on fetal body weight or the fetal sex ratio. The 
results are summarized in the sponsor’s table below.  The Sponsor provided the 
following explanation for the presentation of median values in the table above: “For 
statistical analysis the median was used instead of the mean, because it is more 
appropriate for non-normally distributed data.  For the sake of consistency the median 
was also used for normally distributed data.” 
 

 
 
 
Offspring (Malformations, Variations, etc.) 
 
The treatment did not affect the total incidence of abnormalities, variations and 
retardations.  The results are summarized in the sponsor’s table below. 
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The incidence of fetuses with limb variation (tarsal hyperextension) was 1, 2, and 3 in 
the control, middle, (2 liters), and high-dose (3 liters) groups, respectively.  This change 
is not considered to be drug-related, given the absence of statistical significance and 
incidence in the control group.  Two fetuses with limb variations (pes adductus) were 
observed in one litter in the middle dose group.  The results are summarized in the 
sponsor’s table below.  These variations were not seen at a higher dose of 100 
mg/kg/day in the dose ranging study in rats (study # 041R02).   
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Study title:  Segment II: Oral Study for Effects on Embryo-Fetal 
Development in the Rabbit 
 

Study no.: 843489 
Study report location: n/a 

Conducting laboratory and location: Non-Clinical Drug Safety 
F. Hoffmann La-Roche Ltd., Basel, 
Switzerland 

Date of study initiation: May 15, 2002 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: RO0673189-008, lot #: GPM0449, 99.8% 

Key Study Findings: 
 
Pregnant rabbits were treated with the test article by oral gavage at 0 (vehicle), 3, 10 
and 30 mg/kg/day during gestation days 6-18.  A loss of 70 g in bodyweight occurred in 
the high dose females during gestation days 6 to 19, as compared to a body weight gain 
of 88 g in the control females.  Three females had abortions (1 in middle dose group 
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and 2 in the high dose group).  One female at 30 mg/kg had total litter death.  Fetal 
body weights at 30 mg/kg were decreased by 8% in males, as compared to the control 
males. 
   
Limb and paw anomalies (position anomalies) were observed with higher incidence in 
the middle and high dose groups.  The combined incidence of all findings was 1/135, 
1/126, 3/114, and 9/107 among fetuses, and 1/22, 1/22, 3/20, and 6/17 among litters, in 
the control, low, middle, and high-dose groups, respectively.  An increased number of 
minimally/partially fused sternebrae was noted at 10 (9/114 fetuses, 8/20 liters) and 30 
mg/kg/day (16/107 fetuses, 10/17 litters), as compared to the control group (none).  
Based on the increased incidence of malformations (limb and paw anomalies, 
minimally/partially fused sternebrae) at 10 and 30 mg/kg/day, the NOAEL for embryo-
fetal development is considered to be 3 mg/kg/day.  The NOAEL for maternal toxicity 
was 10 mg/kg/day, based on the loss of bodyweight in the 30 mg/kg/day group during 
gestation days 6-19. 
 
A consultation was sent to the Reproductive and Developmental Toxicology 
Subcommittee (RDTS) on March 18, 2014.  The committee concluded that the limb and 
paw anomalies, and minimally/partially fused sternebrae were treatment-related and 
evidence of developmental toxicity. 
   
Methods:  RO0673189-008 was given to rabbits by oral gavage during gestation days 
6-18 at 0 (vehicle), 3, 10 and 30 mg/kg/day.  Dose selection was based on the dose 
ranging study in rabbits (#1006571), in which, doses of 0, 10, 30, and 100 mg/kg/day 
were tested.  The dose of 100 mg/kg/day was lethal.  The dose of 30 mg/kg/day was 
tested as high dose in other toxicity studies.  
 

Doses: 0 (vehicle), 3, 10, and 30 mg/kg/day 
Frequency of dosing: Once daily 

Dose volume: 2 ml/kg 
Route of administration: Oral gavage 

Formulation/Vehicle: Thixotrope vehicle as aqueous suspensions 
Species/Strain: Himalayan Rabbits 

# Females/Group: 20 
Satellite groups: 2 females/group 

Study design: See sponsor’s table below 
Deviation from study protocol: No deviation occurred which adversely affected the 

quality of the study.  
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These rabbits were 18-31 weeks old at the time of pairing and were sacrificed on day 28 
post coitum. 
 
Observations and Results 
 
Mortality: None. 
 
Clinical Signs: There were no treatment-related clinical signs of toxicity. 
 
Body Weight: Body weights on day 6 and day 19 were 2654 g and 2742 g, respectively, 
in the control females.  The body weight gain from days 6 to 19 was 88 g in the control 
females, whereas the high dose females lost 70 g (see sponsor’s table below).  
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Feed Consumption: Decreased food consumption was observed in the middle and high 
dose groups. 
 
Toxicokinetics: TK results are summarized in the following sponsor’s table. 
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Dosing Solution Analysis: The drug concentrations were within the desired range (80-
120%).  The analysis results are summarized in the following table (taken from the 
study report). 
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Necropsy: There were no clearly treatment related changes. 
 
Cesarean Section Data  
 
Three females had abortions (1 in the middle dose group and 2 in the high dose group). 
 
Fetal body weights in the high dose group were decreased by 8% in males, as 
compared to the control males (see sponsor’s table below).  
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Offspring (Malformations, Variations, etc.) 
 
Limb and paw position anomalies were observed with higher incidence in the middle 
and high dose groups.  The combined incidence of all findings was 1/135, 1/126, 3/114, 
and 9/107 among fetuses, and 1/22, 1/22, 3/20, and 6/17 among litters, in the control, 
low, middle, and high-dose groups, respectively.  The results are summarized in the 
sponsor’s table below. 
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An increased number of minimally/partially fused sternebrae was noted at 10 and 30 
mg/kg and was considered treatment-related (9/114 fetuses in the middle-dose group 
and 16/107 fetuses in the high-dose group, as compared to none in the control group).  
The results are summarized in the following sponsor’s table. 
 

 
 
The incidence of unilateral or bilateral supernumerary 13th ribs (half to full length of 12th 
rib) and/or rudimentary 13th ribs (less than half length of 12th rib) was higher in the 
middle and high dose groups.  The incidence of supernumerary 13th ribs was 4/114 
fetuses and 4/20 litters in the middle-dose group, and 7/107 fetuses and 5/17 litters in 
the high-dose group, as compared to 2/135 fetuses and 2/22 litters in the control group.   
The incidence of rudimentary 13th ribs was 3/114 fetuses and 2/20 litters in the middle-
dose group, and 5/107 fetuses and 3/17 litters in the high-dose group, as compared to 
1/135 fetuses and 1/22 litters in the control group.   
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9.3 Prenatal and Postnatal Development 
Study title:  NETUPITANT: Pre- and Post-Natal Development in the 
Han Wistar Rat by Oral Administration 
 

Study no.: NETU-10-23 or GEC0001 
Study report location: 

Conducting laboratory and location: 
Date of study initiation: June 25, 2010 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: Netupitant, Batch #:29003531, 99.6% 
 
Key Study Findings:   
 
Netupitant was administered to pregnant females from Day 6 after mating to Day 20 of 
lactation by oral gavage.  Bodyweight gain of F0 and F1 generations was reduced in the 
middle and high dose groups as compared to the respective control groups.  F1 males 
from the high dose group showed a 2-day delay in completion of balano-preputial 
separation when compared with the controls.  Attainment of the air righting reflex was 
slightly delayed in the middle and high dose groups as compared to the control group.  
Survival, behavioral development and reproductive performance of the F1 generation 
and survival and growth of F2 offspring up to Day 14 of age were unaffected.  None of 
the observed effects in the offspring (F1 generation) are considered to be adverse, 
based on the small magnitude of these changes.  Therefore, the NOAEL for pre- and 
post-natal development was 30 mg/kg/day. 
 
Methods: 
 

Doses: 0, 3, 10 and 30 mg/kg/day 
Frequency of dosing: daily 

Dose volume: 5 ml/kg 
Route of administration: Oral gavage 

Formulation/Vehicle: Thixotrope as aqueous suspensions 
Species/Strain: Harlan Han Wistar strain rats 

Number/Sex/Group: 22/females/group 
Satellite groups: none 

Study design: Netupitant was administered to F0 females from 
Day 6 after mating to Day 20 of lactation. 

Deviation from study protocol: No deviation occurred which adversely affected 
the quality of the study.  
 

 
Observations and Results 
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F0 Dams 
Survival: One female in the low dose group was sacrificed in 

moribund condition. 
Clinical signs: No treatment related clinical signs  
Body weight: Bodyweight gain was reduced in the middle and 

high dose groups, primarily during the first day of 
treatment (Day 6 of gestation) to Day 14 of 
gestation.  

Feed consumption: Food consumption was reduced in the treatment 
groups. 

Uterine content: There were no treatment-related changes (see 
sponsor’s tables below). 

Necropsy observation: There were no treatment-related changes.  
Toxicokinetics: Not done 

Dosing Solution Analysis: The mean concentrations of Netupitant in the 
dosing formulations were within 85 to 110% of the 
nominal concentrations. 

Other: Gestation length and gestation index were not 
altered by treatment with Netupitant.  The results 
are summarized in the following sponsor’s tables. 
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F1 Generation 
 

Survival: Offspring survival was not affected. 
Clinical signs: There were no treatment-related changes. 

Bodyweight: Bodyweights in the middle and high dose groups 
(male and female) were significantly lower on 
postnatal Days 1 to 28 (see table 15 below).   
 

Feed consumption: Food consumption was lower in the middle and high 
dose group as compared to the control. 

Physical development: The selected F1 female animals showed no delay in 
vaginal opening. 
 
F1 males from the high dose group showed a 2-day 
delay in completion of balano-preputial separation as 
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compared with the controls.  
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Neurological assessment: Attainment of the air righting reflex was slightly 
delayed in the middle and high dose groups, as 
compared to the control group (see sponsor’s table 
17 below).  Age at attainment of the surface righting 
reflex and the number of offspring showing 
satisfactory pupil and startle responses, motor 
activity, accelerating rotarod performance, learning 
ability and memory were unaffected by maternal 
treatment.  
 

Reproduction: There were no treatment-related changes in mating 
and fertility parameters. 

Other: Litter size (F2 generation), offspring survival and sex 
ratio were not altered by maternal treatment of F0 
females. 
 
The results were presented in the sponsor’s tables 
31-37 below. 
 

 
 

Reference ID: 3527655



NDA 205,718         Reviewer: Ke Zhang 
 

154 

 
 

 
 
 

Reference ID: 3527655

   

         

   
     

      

           

            

            

            

           

           

            

           

           

             
           

           

            

           

           

 

        

    
      

       

         

       

    

         

         

         

          

         

         

           

         

         

          

         

         



NDA 205,718         Reviewer: Ke Zhang 
 

155 

 

 
 

Reference ID: 3527655

 

       

 
 

  

   
    

  
   

  

  

  

  
  

  

  

  

   

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 

 
 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

       

 
 

  

   
    

  
  

  

  

  

  
  

  

  

  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 

  
  
  
  
  

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 

 

 
 

 
 
 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

  
  
 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 





NDA 205,718         Reviewer: Ke Zhang 
 

157 

 
 
 

 
 

Reference ID: 3527655

   

       

   
     

     

 
        

              
              

               
             

     

               
             

     

               
             

     

               
             

     

        
       
       
            

  

             

    
     

      

             

           

     

      

     

     

     

      

     

     

      

     

     

      

     

     



NDA 205,718         Reviewer: Ke Zhang 
 

158 

 
 

 
 

Reference ID: 3527655

 

    

    
     

      

 
    

      

      
   

       
  

       
  

       
    

 

      

   

  
     

      

  
       
       

       
       
       
       

       
       
       
       



NDA 205,718         Reviewer: Ke Zhang 
 

159 

 
 
 
F2 Generation 
 

Survival: There were no effects. 
Bodyweight: Bodyweights on post-natal day 1 to 14 were unaffected. 

External evaluation: There were no treatment related effects. 
Litter parameters: F2 litter size at birth, offspring survival, and sex ratio 

were not affected.  
  

The results were presented in the sponsor’s tables 
below. 
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10 Special Toxicology Studies 
 
3-Day IV local tolerance study in rabbits (# 1007324) 
  
Netupitant was given intravenously in the marginal ear vein of rabbits at 0 (vehicle 
control), 1, 3, and 10 mg/kg/day for 3 days.  The vehicle was 5% glucose solution.  
Local reactions including swollen and bluish ear were noted in all treatment groups, but 
were more severe at the high dose. 
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In vitro hemolysis and plasma precipitation and turbidity study using rat blood 
(#1008464) 
 
The intravenous formulation of netupitant had a slight hemolytic effect on rat blood at 
concentrations up to 500 μg/ml.  The formulation was negative in plasma turbidity and 
plasma precipitation tests with drug concentrations up to 500 μg/ml. 
 
In vitro hemolysis and plasma precipitation and turbidity study using human 
blood (# 1006117) 
 
The intravenous formulation of netupitant produced hemolysis in human blood at 
concentrations ≥ 250 μg/ml. The formulation was also positive in the plasma turbidity 
and plasma precipitation tests at drug concentrations ≥ 250 μg/ml.  The results were 
summarized in the following tables (taken from the sponsor’s report). 
 

 
 

 
 
Phototoxicity study in mouse fibroblasts (# 1003848) 
 
The potential phototoxicity of netupitant was studied in vitro using the 3T3 fibroblast 
neutral red uptake assay.  Murine fibroblasts were incubated with 0.75-96.0 μg/ml 
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netupitant in the presence of UVA exposure, followed by incubation in the dark for one 
hour.  Under these conditions, netupitant was considered to be non-phototoxic.   
 
Antigenicity study (# 1007385) 
 
Netupitant was examined in male guinea pigs for active systemic and passive 
anaphylaxis.  In the active systemic anaphylaxis test, 5 male guinea pigs were actively 
sensitized three times (once every other week) by subcutaneous injection of 6 mg 
netupitant (alone or in combination with guinea pig serum albumin) in emulsions 
including Freund’s adjuvant.  These animals were then challenged by intravenous 
injection of 1 mg netupitant (alone or in combination with ovalbumin).  In the passive 
cutaneous anaphylaxis test, 2 male guinea pigs were passively sensitized by 
subcutaneous injection of sera from actively sensitized guinea pigs.  These animals 
were then challenged by intravenous injection of 1 mg netupitant (alone or in 
combination with ovalbumin).  No signs of antigenicity were observed in these tests. 
 
In vitro phospholipidosis study in bovine corneal fibroblasts (# 1009769) 
 
To evaluate drug-induced phospholipid accumulation in cytoplasm, bovine corneal 
fibroblasts were cultured and treated with collagenase.  The cells were then exposed to 
netupitant, M1, M2, or M3 at concentrations of 2.5-20 μM in the culture medium for 72 
hours.  Accumulated phospholipids were identified as punctuate, black intra-cytoplasmic 
grains or inclusions, as detected using light microscopy.  The results indicated that 
netupitant, M1, M2 and M3 induced phospholipid accumulation in the cytoplasm at 
concentrations of 2.5 μM or higher. 
 

11 Integrated Summary and Safety Evaluation 
 
The standard antiemetic drug regimen for prevention of CINV (chemotherapy-induced 
nausea and vomiting) includes an NK1 receptor antagonist, a 5-HT3 receptor antagonist, 
and a corticosteroid.  AKYNZEO capsule is a fixed-dose combination of two active drug 
substances, netupitant and palonosetron HCl.  Netupitant is an NK1 receptor antagonist,  
and palonosetron is a 5-HT3 receptor antagonist.  Palonosetron hydrochloride is an 
approved drug that is available in two formulations, Aloxi® Injection (approved in 2003) 
and Aloxi® Capsules (approved in 2008).  Aloxi® Injection is indicated for prevention of 
CINV and prevention of PONV (postoperative nausea and vomiting).  Aloxi® Capsule is 
indicated for prevention of CINV only.  The approved IV dose is 0.25 mg and the 
approved oral dose is 0.5 mg.  Netupitant and palonosetron produce antiemetic effects 
through direct action on separate neuro-pathways (i.e. antagonism of NK1 receptors and 
5-HT3 receptors, respectively).  These drugs represent two pharmacologic classes in 
the standard regimen for prevention of CINV, and show a similar pharmacokinetic 
profile in terms of extended plasma half-life.  These factors provided the rationale for 
development of AKYNZEO as a fixed-dose combination for use in the prevention of 
CINV.  The sponsor seeks market approval of AKYNZEO for prevention of acute and 
delayed nausea and vomiting associated with initial and repeat courses of highly 
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emetogenic cancer chemotherapy and moderately emetogenic cancer chemotherapy in 
adults. 
 
The results of in vitro cardiovascular pharmacology studies indicated that netupitant and 
its metabolites (M1, M2, or M3) inhibited the hERG channel potassium K+ currents in 
CHO cells with IC50 values of 0.76, 0.84, 43, and 4.4 µM, respectively.  The results of in 
vivo cardiovascular pharmacology studies indicated that oral doses of netupitant at 
doses up to 50 mg/kg/day for 5 days had no significant effects on cardiovascular 
parameters in beagle dogs.  Oral administration of netupitant at 50 mg/kg/day for 14 
days produced a decrease in heart rate (15-19%) and prolongation of QT interval by ~5-
8%, as compared to the control in conscious beagle dogs.  Combination of oral 
palonosetron (10 mg/kg) and netupitant (50 mg/kg) given for 15 days prolonged the 
corrected QT interval by 15-23% as compared to pretreatment values in conscious 
telemetered dogs.  
 
Netupitant is orally absorbed with oral bioavailability of 37-100% in rats, dogs, and 
monkeys.  Netupitant has a long terminal half-life of 8-18 hours in rats and monkeys and 
34-56 hours in dogs following an oral dose.  Netupitant exhibits high protein binding 
(>99%) in plasma in rats, dogs, and humans.  Three major metabolites, an N-
demethylation product (M1), an N-oxidation product (M2), and M3 were identified in 
rats, dogs, and humans.  Each of these metabolites exhibits high affinity for the 
recombinant human NK1 receptor, similar to the parent compound.  Biliary elimination 
was the major route of excretion accounting for ~86-90% of the dose being recovered in 
feces following oral and IV doses in rats and dogs. 
 
Netupitant alone was tested in oral toxicity studies for up to 26 weeks in rats and 9 
months in dogs.  In the 13-week study in rats, netupitant was tested orally at 0, 3, 10 
and 30 mg/kg/day for 13 weeks.  Treatment with netupitant decreased the terminal body 
weight gain by 12% in males and 19% in females in the high-dose group.  Slight change 
of terminal body weight gain was noted in the mid-dose group.  Netutipant produced 
phospholipidosis in a dose-dependent manner.  Phospholipidosis was not considered to 
be a dose limiting toxicity.  Minimal necrosis was noted in the liver in four high-dose 
females (no incidence in other groups).  Based on the effects on body weight and 
histopathological changes in the liver, the maximum tolerated dose (MTD) is estimated 
to be 20 mg/kg/day for females.  The decrease in terminal body weight gain (12%) at 30 
mg/kg/day in males suggests that the MTD is about 30 mg/kg/day in males, since no 
other dose limiting toxicity occurred at this dose.   
 
In the 26-week study in rats, netupitant was tested orally at 0, 1, 3, or 10 mg/kg/day.  
Treatment with 10 mg/kg/day resulted in periacinar hepatocytic hypertrophy, thyroid 
follicular epithelial hypertrophy (males), thymic atrophy, increased aggregations of 
alveolar macrophages, and syncytial macrophages in mandibular and mesenteric lymph 
nodes and spleen.  The NOAEL is considered to be 3 mg/kg/day based on the 
microscopic findings, although the high dose of 10 mg/kg/day was well tolerated. 
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In the 13-week study in dogs, netupitant was tested orally at 0, 1, 3, and 10 mg/kg/day.  
Administration of 10 mg/kg/day resulted in vacuolated macrophages or vacuolated 
tingible body macrophages in the lymphoid tissue (mesenteric or mandibular lymph 
nodes, Peyer's patches or colonic lymphoid tissue), suggesting a drug-induced 
phospholipidosis.  Since the microscopic lesions are not considered to be adverse, the 
NOAEL is 10 mg/kg/day. 
 
In the 9-month study in dogs, netupitant was tested orally at 0, 1, 3, and 10 mg/kg/day.  
Treatment with netupitant at 10 mg/kg/day slightly increased the QTc and PQ intervals 
(males only), and produced minimal periacinar hepatocytic hypertrophy (males only).  
The NOAEL was 10 mg/kg/day. 
 
The results from 4-week oral toxicity studies with palonosetron (RS-25259-197), 
submitted in NDA 21,372, are described below.  
 
In the 4-week oral toxicity study in rats, RS-25259-197 was administered at 6, 18, 60, 
and 180 mg/kg/day.  No treatment-related mortality was observed, but a mild decrease 
in hemoglobin, other hematology parameters, and liver enzymes were reported in 
animals in the 60 and 180 mg/kg/day groups.  The identified target organs of toxicity in 
males were liver (increased weights, hepatocellular swelling and glycogen deposition 
along with decreased liver enzymes) and testes (reduced weights and histological 
correlates of degeneration/necrosis of the seminiferous epithelium and immature 
spermatogenic cells in the epididymis).  In females, thymus (reduced weight, gross 
findings of small thymus and histological findings of thymic lymphoid atrophy) was the 
identified target organ of toxicity.  The dose of 18 mg/kg/day was the no effect dose. 
 
In the 4-week oral toxicity study in dogs, RS-25259-197 was administered at doses of 2, 
6, and 20 mg/kg/day.  Only transient clinical signs of salivation were observed in the 6 
and 20 mg/kg/day groups.  Reductions in absolute and relative weights of testes were 
observed at the 20 mg/kg dose, but there were no gross or histological correlates.  No 
target organs of toxicity were identified in this study and the high dose of 20 mg/kg/day 
was considered as the no effect dose. 
 
13-week oral toxicity studies with the combination of palonosetron and netupitant were 
performed in rats and dogs.  In the 13-week oral toxicity study in rats, netupitant was 
administered at 1, 3, and 10 mg/kg/day in combination with palonosetron at 2, 6, and 18 
mg/kg/day, respectively, by oral gavage.  Additional groups were treated orally with 10 
mg/kg/day netupitant or 18 mg/kg/day palonosetron.  Slight increases in absolute and 
relative liver weights were noted in the high-dose combination group, the netupitant only 
group, and the palonosetron only group (up to 120% of the mean control weight).  
Histopathological examination revealed adrenal zona fasciculata hypertrophy, 
hepatocytic hypertrophy, and syncytial macrophages in the mesenteric lymph nodes, 
mainly in the high-dose combination and netupitant only groups.  These effects are not 
considered to be adverse.  Therefore, the NOAEL was 10 mg/kg/day netupitant + 18 
mg/kg/day palonosetron. 
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In the 13-week oral toxicity study in dogs, netupitant was administered at 1, 3, and 10 
mg/kg/day combined with palonosetron at 3, 5, and 10 mg/kg/day, respectively, by oral 
gavage for 13 weeks.  Slight decreases in body weight gain and food consumption were 
noted in the high-dose group.  The ST-interval, uncorrected QT-interval, and corrected 
QT intervals according to Van de Water and Fridericia were slightly prolonged in the 
high-dose females.  No treatment-related histopathological changes were noted. The 
NOAEL was 3 mg/kg/day netupitant + 5 mg/kg/day palonosetron. 
 
Palonosetron and netupitant have been tested separately and in combination in 
animals.  Combination of netupitant and palonosetron did not produce additional toxicity 
as compared with either compound given alone.  The tolerated doses and/or NOAELs 
of netupitant in the combination toxicity studies were consistent with the findings from 
the toxicity studies with netupitant alone.  
 
Netupitant was negative in the Ames test, mouse lymphoma cell mutation assay, and 
rat micronucleus test. 
 
Long-term studies in animals to evaluate carcinogenic potential of netupitant are not 
needed for support of the proposed indication, as recommended by the Executive 
Carcinogenicity Assessment Committee.  Therefore, no carcinogenicity studies with 
netupitant were conducted.  However, the Committee stated that a carcinogenicity 
evaluation may be needed to support other indications (see Executive CAC meeting 
minutes from July 1, 2008 in Appendix). 
 
In the segment I fertility and early embryonic development study in rats, netupitant was 
given by oral gavage at doses of 3, 10, and 30 mg/kg/day to male and females rats 
starting at two weeks prior to mating, throughout a two-week mating period, and through 
gestation day 7 in females.  Dosing of males continued until necropsy of partnered 
females, at least until gestation day 14.  Treatment with netupitant at 30 mg/kg/day 
decreased body weight gain and food consumption.  The number of corpora lutea, 
implantation sites, and fetuses per dam were slightly but statistically lower in the high 
dose group, relative to the control group.  The number of corpora lutea in the high-dose 
group was within normal limits for this strain of rat.  Netupitant did not clearly produce 
adverse effects on fertility or early embryonic development. 
 
In the segment II embryo-fetal development study in rats, pregnant rats were treated 
with netupitant at 0 (vehicle), 3, 10 and 30 mg/kg/day during gestation days 6-17.  
Netupitant at 30 mg/kg/day decreased body weight gain and food consumption.  
Netupitant did not adversely affect embryo-fetal development and was not teratogenic.  
The maternal NOAEL was 10 mg/kg/day, based on the decrease (31%) in body weight 
gain in the 30 mg/kg/day females.   
 
In the segment II embryo-fetal development study in rabbits, pregnant rabbits were 
treated with netupitant by oral gavage at 0 (vehicle), 3, 10 and 30 mg/kg/day during 
gestation days 6-18.  A loss of 70 g in bodyweight occurred in the high-dose females 
during gestation days 6 to 19, as compared to a body weight gain of 88 g in the control 
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females.  Three females had abortions (1 in the middle-dose group and 2 in the high- 
dose group).  One female given 30 mg/kg/day had total litter death.  Fetal body weights 
at 30 mg/kg were decreased by 8% in males, as compared to the control males.  Limb 
and paw anomalies (position anomalies) were observed with higher incidence in the 
middle and high-dose groups.  The combined incidence of all findings was 1/135, 1/126, 
3/114, and 9/107 among fetuses, and 1/22, 1/22, 3/20, and 6/17 among litters, in the 
control, low, middle, and high-dose groups, respectively.  An increased number of 
minimally/partially fused sternebrae was noted at 10 and 30 mg/kg/day, as compared to 
the control group.  Based on the increased incidence of malformations (limb and paw 
anomalies, minimally/partially fused sternebrae) at 10 and 30 mg/kg/day, the NOAEL for 
embryo-fetal development is considered to be 3 mg/kg/day.  The NOAEL for maternal 
toxicity was 10 mg/kg/day, based on the loss of bodyweight in the 30 mg/kg/day group 
during gestation days 6-19. 
 
A consult request related to the embryo-fetal development study in rabbits was sent to 
the Reproductive and Developmental Toxicology Subcommittee (RDTS) on March 18, 
2014.  The committee concluded that the limb and paw anomalies, and minimally/ 
partially fused sternebrae were treatment-related and evidence of developmental 
toxicity.   
 
In the prenatal and postnatal development study in rats, netupitant was administered by 
oral gavage to pregnant females from Day 6 after mating to Day 20 of lactation.  
Bodyweight gain of F0 and F1 generations was reduced in the middle and high dose 
groups as compared to the respective control groups.  F1 males from the high dose 
group showed a 2-day delay in completion of balano-preputial separation when 
compared with the controls.  Attainment of the air righting reflex was slightly delayed in 
the middle and high dose groups as compared to the control group.  Survival, 
behavioral development, and reproductive performance of the F1 generation, and 
survival and growth of F2 offspring up to Day 14 of age were unaffected.  None of the 
observed effects in the offspring (F1 generation) are considered to be adverse, based 
on the small magnitude of these changes.  Therefore, the NOAEL for pre- and post-
natal development was 30 mg/kg/day. 
 
To evaluate the safety of the sponsor’s pediatric study plan, an 8-week oral toxicity 
study of netupitant alone in juvenile rats is needed.  This study should include 
evaluation of developmental parameters, neurobehavioral effects, and fertility.  The 
proposed pediatric single-dose PK study (Study #1) using an oral liquid netupitant 
formulation in combination with Aloxi Injection given orally may be conducted before 
completion of the juvenile animal studies.  However, the definitive juvenile rat toxicity 
study will be needed to support the pediatric clinical efficacy study in patients age 0 to < 
17 years (Study #2).  If the sponsor cannot develop an oral liquid formulation of 
netupitant alone that is suitable for use in patients ≤ 6 years old, the definitive juvenile 
rat toxicity study will still be needed to support an efficacy study in older pediatric 
patients (age > 6 to 11 years) using a solid oral dosage form.  Please see the Late 
Cycle Meeting Background Package for additional recommendations related to the 
juvenile animal study program. 
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developmentally toxic and should be given a Pregnancy Category C.  From a nonclinical 
standpoint, this NDA should be approved for the proposed indication. 
 
In addition, an oral toxicity study with netupitant alone of at least 8 weeks duration in 
juvenile rats is needed to support the proposed pediatric clinical efficacy study in 
patients age 0 to < 17 years.  The juvenile rat study should include evaluation of 
developmental parameters, neurobehavioral effects, and fertility.  The sponsor should 
submit the juvenile rat study protocol for review and evaluation prior to initiation of this 
study.  The sponsor’s proposed timeline for the pediatric study plan should be adjusted 
according to these recommendations. 
 
 
 
Reviewer Signature  ___________________________________ 
 Ke Zhang, Ph.D. 
 Pharmacologist 
                               Division of Gastroenterology and Inborn Errors Products 
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12 Appendix/Attachments 
 
Executive CAC 
Date of Meeting: July 1, 2008 
 
Committee:    David Jacobson-Kram, Ph.D., OND IO, Chair 

Abby Jacobs, Ph.D., OND IO, Member 
Paul Brown, Ph.D., OND IO, Member 
Anne Pilaro, Ph.D., DBOP, Alternate Member 
Sushanta Chakder, Ph.D., DGP, Acting Supervisory Pharmacologist 
Ke Zhang, Ph.D., DGP, Presenting Reviewer 

 
Author of Draft: Ke Zhang, Ph.D. 
 
The following information reflects a brief summary of the Committee discussion and its 
recommendations. 
 
The committee did not address the sponsor’s proposed statistical evaluation for the 2-yr 
carcinogen bioassay, as this does not affect the sponsor’s ability to initiate the bioassay. The 
sponsor may seek guidance on the statistical evaluation of bioassay results from agency staff 
separately. Data files should be submitted electronically following the CDER/CBER Guidance 
for Industry, Providing Regulatory Submission in Electronic Format – Human Pharmaceutical 
Product Applications and Related Submissions Using the eCTD Specifications (April 2006). 

 

 
IND # 73,493 
Drug Name: Palonosetron HCl and Netupitant (RO0673189), oral combination 
Sponsor: HelsinnHealthcare SA    

                  Lugano, Switzerland 
 
Background: Netupitant is a NK1 receptor antagonist and palonosetron is a 5-HT3 receptor 
antagonist. It was reported that combination of a NK1 receptor antagonist and a 5-HT3 receptor 
antagonist is more effective in the control of acute and delayed emesis as compared to 5-HT3 

receptor antagonist alone.  Palonosetron (Aloxi) is an approved drug for prevention of 
chemotherapy-induced nausea and vomiting. The combination of Netupitant and palonosetron is 
being developed as a single oral dose for prevention of chemotherapy-induced acute and delayed 
nausea and vomiting. 
 
Netupitant was negative in the Ames tests, in the in vitro mouse lymphoma cell mutation assay, 
and in the in vivo rat micronucleus test. 
 
In the current submission, the sponsor submitted a study protocol for a 2-year carcinogenicity 
study with netupitant in rats and a final report of a 13-week oral toxicity study with netupitant in 
rats. 
 
Rat Carcinogenicity Study Protocol and Dose Selection: 
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In the 13-week oral toxicity study, rats were treated with netupitant at 0, 3, 10, and 30 
mg/kg/day. Treatment with netupitant decreased the terminal body weight gain by 12% in males 
and 19% in females in the high dose group. A slight change in the terminal body weight gain 
was noted in the mid dose group (10 mg/kg/day). Treatment with netutipant induced 
phospholipidosis in a dose dependent manner. Minimal necrosis was noted in the liver in four 
high dose females (none in other groups). Based on the effects on the body weight, the MTD is 
estimated to be between doses of 10 and 30 mg/kg/day. The decreasing terminal body weight 
gain at the high dose of 30 mg/kg/day in males (12%) suggests that the MTD is about 30 
mg/kg/day. There was no other dose limiting toxicity found in males at this dose. Therefore, the 
dose of 30 mg/kg/day is considered as MTD for males. 
 

 

Executive CAC Recommendations and Conclusions: 
 
The Committee noted that this indication would not normally trigger the need for a 
carcinogenicity study; however, a carcinogenicity evaluation may be needed to support other 
indications. 
 
The Committee recommended doses of 0 (water gavage), 0 (vehicle), 2, 6, and 20 mg/kg/day for 
females and 0 (water gavage), 0 (vehicle), 3, 10, and 30 mg/kg/day for males, by oral gavage, 
based on MTD (decreased body weight gain). 
 
The Committee recommended that the sponsor use both untreated (water gavage) and vehicle 
controls. 
 
Hematology and clinical chemistry are generally not needed for 2-year carcinogenicity 
studies. Main study animals should not be bled during the study. 
 
 
 

David Jacobson-Kram, Ph.D.  
Chair, Executive CAC 
 
cc:\ 
 /Division File, DGP 
 /Grewal, DGP 
 /Chakder, DGP 
 /Zhang, DGP 
 /ASeifried, OND IO 
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Comments on N205718 netupitant and palanosetron, Akynzeo

From: A. Jacobs, AD

Date: 6/18/14

1. I concur that there are no pharm/tox approval issues.

2. I concur with the pregnancy category of C

3. I have conveyed other comments to the reviewer, and they will be addressed as appropriate.
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