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1 Executive Summary

1.1 Introduction

1.2 Brief Discussion of Nonclinical Findings
For the nonclinical safety of Cinvanti, the applicant relied on the Agency’s determination 
of the safety of the listed drug Emend (aprepitant capsules and fosaprepitant IV). In 
addition, the sponsor has submitted reports of pharmacokinetic (PK) studies in rats, a 
repeat dose toxicology study in rats, a local tolerance study in rabbits and an in vitro 
hemolysis study with rat, dog and human blood, conducted with the proposed drug 
product. Cinvanti is an oil-in-water emulsion of aprepitant for intravenous (IV) use and is 
indicated for the prevention of acute and delayed chemotherapy-induced nausea and 
vomiting (CINV).

When groups of male rats were administered single doses of Cinvanti or Emend IV at 2 
mg/kg, the exposure to aprepitant in rats dosed with Cinvanti was greater than the 
animals administered Emend IV. The half-life of aprepitant following administration of 
Emend IV was longer, while the half-life of aprepitant following administration of 
Cinvanti was similar to that reported in the other single dose study. Also, a comparison 
of Cinvanti emulsion or Emend IV to Cinvanti in a low sodium oleate (SO) vehicle 
emulsion, at a dose of 2 mg/kg in male Sprague-Dawley rats, showed that all the three 
formulations have similar elimination profiles in rats. The plasma protein binding was 
similar for samples obtained from animals dosed with the two formulations.

 
In a 28-day intravenous toxicology study in rats, Cinvanti and Emend IV had similar 
toxicology profiles. The increases in Cmax and AUC for aprepitant following 
administration of Cinvanti were greater than dose proportional. Microscopic findings of 
mild to minimal periportal vacuolation of the liver was seen mostly in female rats dosed 
with Emend IV and the mid and high doses of Cinvanti. After the 28-day recovery 
period, there was a lower incidence and/or severity of infusion site changes and no 
changes were observed in the liver of the recovery animals. 

No genotoxicity studies of Cinvanti have been performed. However, aprepitant and 
fosaprepitant were not genotoxic in the Ames test, the human lymphoblastoid cell (TK6) 
mutagenesis test, the rat hepatocyte DNA strand break test, the Chinese hamster ovary 
(CHO) cell chromosome aberration test and the mouse micronucleus test.

Two year oral carcinogenicity studies were conducted with aprepitant in rats and mice 
by the innovator. In a 104-week oral carcinogenicity study in Sprague-Dawley rats, 
aprepitant was administered at 0.05 to 1,000 mg/kg twice daily. Treatment with 
aprepitant at doses of 5 to 1,000 mg/kg twice daily caused an increase in the incidences 
of thyroid follicular cell adenomas and carcinomas in male rats. In female rats, it 
produced hepatocellular adenomas at 5 to 1,000 mg/kg twice daily and hepatocellular 
carcinomas and thyroid follicular cell adenomas at 125 to 1,000 mg/kg twice daily.
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In a 2-year mouse carcinogenicity study, CD-1 mice were treated with oral doses of 
aprepitant at 2.5 to 2,000 mg/kg/day. Treatment with aprepitant produced skin 
fibrosarcomas at 125 and 500 mg/kg/day doses in male mice. 

Aprepitant did not affect fertility or general reproductive performance of male or female 
rats at oral doses up to the maximum feasible dose of 1,000 mg/kg twice daily.

In a local tolerance study, Cinvanti was compared to Emend IV after IV administration of 
a 1 ml/kg dose into the marginal ear vein of New Zealand White rabbits. Injection sites 
dosed with IV Emend had higher overall scores for endothelial cell loss, edema, 
hemorrhage, and inflammatory cell infiltrates than sites dosed with IV saline, while the 
rabbits dosed with Cinvanti emulsion had lesser or equal scores compared to the 
findings in the saline control rabbits.

Cinvanti or fosaprepitant did not result in hemolysis in rat, dog or human blood in an in 
vitro hemolysis study.

1.3 Recommendations
1.3.1 Approvability
No nonclinical approvability issue has been identified.
1.3.2 Additional Non Clinical Recommendations
None
1.3.3 Labeling
In this 505(b)(2) NDA submission, nonclinical sections of the labeling are adopted from 
the innovator’s labeling of Emend (fosaprepitant) for injection (NDA 022023). However, 
the following changes in the proposed labeling are recommended to comply with the 
PLLR. 

8. USE IN SPECIFIC POPULATIONS

8.1   Pregnancy

Risk Summary

Proposed Version:

Reference ID: 4160351
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The estimated background risk of major birth defects and miscarriage for the indicated 
populations is unknown. In the U.S. general population, the estimated background risk 
of major birth defects and miscarriage in clinically recognized pregnancies is 2% to 4% 
and 15% to 20%, respectively.

Evaluation: The text is not in accordance with 21CFR 201.57(f)(6)(i)(c), and should be 
modified as proposed (developed in collaboration with the DPMH reviewer) below.

8.1   Pregnancy

Recommended Version:

Risk Summary

There are no available data on CINVANTI use in pregnant women to inform a drug 
associated risk of adverse developmental outcomes. Avoid use of CINVANTI in 
pregnant women due to the alcohol content (see Clinical Considerations). In animal 
reproduction studies, no adverse developmental effects were observed in rats or rabbits 
exposed during the period of organogenesis to systemic drug concentrations (area 
under the plasma-concentration time curve [AUC]) of aprepitant approximately 
equivalent to the exposure at the recommended human dose (RHD) of CINVANTI 130 
mg (see Data)

The estimated background risk of major birth defects and miscarriage for the indicated 
populations is unknown. All pregnancies have a background risk of birth defects, loss, 
or other adverse outcomes. In the U.S. general population, the estimated background 
risk of major birth defects and miscarriage in clinically recognized pregnancies is 2 to 
4% and 15 to 20%, respectively.

8.2 Lactation

Proposed Version:

Risk Summary

Evaluation: No changes are recommended for this section.
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13 NONCLINICAL TOXICOLOGY

13.1. CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY

Proposed Version:

Mutagenesis

Impairment of Fertility

Recommended Version:

Carcinogenicity studies were conducted in Sprague-Dawley rats and CD-1 mice for 2 
years. In the rat carcinogenicity studies, animals were treated with oral doses ranging 
from 0.05 to 1000 mg/kg twice daily. The highest dose produced systemic exposures to 
aprepitant approximately equivalent to (female rats) or less than (male rats) the human 
exposure at the CINVANTI RHD of 130 mg. Treatment with aprepitant at doses of 5 to 
1000 mg/kg twice daily caused an increase in the incidences of thyroid follicular cell 
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adenomas and carcinomas in male rats. In female rats, it produced hepatocellular 
adenomas at 5 to 1000 mg/kg twice daily and hepatocellular carcinomas and thyroid 
follicular cell adenomas at 125 to1000 mg/kg twice daily. In the mouse carcinogenicity 
studies, the animals were treated with oral doses ranging from 2.5 to 2000 mg/kg/day. 
The highest dose produced a systemic exposure approximately 2 times the human 
exposure at the RHD of CINVANTI 130 mg. Treatment with aprepitant produced skin 
fibrosarcoma at 125 and 500 mg/kg/day doses in male mice. 

Mutagenesis

Aprepitant was not genotoxic in the Ames test, the human lymphoblastoid cell (TK6) 
mutagenesis test, the rat hepatocyte DNA strand break test, the Chinese hamster ovary 
(CHO) cell chromosome aberration test and the mouse micronucleus test.

Impairment of Fertility

Oral aprepitant did not affect the fertility or general reproductive performance of male or 
female rats at doses up to the maximum feasible dose of 1000 mg/kg twice daily 
(providing exposure in male rats lower than the exposure at the RHD of CINVANTI 130 
mg and exposure in female rats approximately equivalent to the human exposure).

2 Drug Information

2.1 Drug
Cinvanti 
CAS Registry Number 
170729-80-3

Generic Name
Aprepitant

Code Name
HTX-019

Chemical Name
3-{[(2R,3S)-2-[(1R)-1-[3,5-bis(trifluoromethyl)phenyl]ethoxy]-3-(4-
fluorophenyl)morpholin-4-yl]methyl}-4,5-dihydro-1,2,4-triazol-5-one

Molecular Formula/Molecular Weight
C23H21F7N4O3 / 534.427

Reference ID: 4160351







NDA 209296 Reviewer: Babatunde Emmanuel Akinshola

10

Local Tolerance Study

1. Effects of HTX-019 and Emend IV in the Rabbit Ear Phlebitis Model after a Single 
Intravenous or Perivascular Administration. (Study No. 33-001)

Other Toxicity Study

1. Hemolysis Screening of Test Article HTX-019 (Study No. 1176-R1)

3.2 Studies Not Reviewed 
N/A

3.3 Previous Reviews Referenced
The nonclinical studies listed above were previously reviewed under IND 125926 for 
HTX-019 (Aprepitant) injection, and were copied from the IND review.

4 Pharmacology

No pharmacology studies were submitted

5 Pharmacokinetics/ADME/Toxicokinetics
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6 General Toxicology

6.2 Repeat-Dose Toxicity

Study title:  HTX-019: A 28-Day Repeat Dose Intravenous Toxicity Study 
with 28-Day recovery period in Sprague-Dawley Rats. 

Study no.: 33-26
Study report location: Pages 1 to 1323 of the electronic 

submission
Conducting laboratory and location:

Date of study initiation: July 6, 2015
GLP compliance: OECD Principles of Good Laboratory 

Practice.
QA statement: Yes

Drug, lot #, and % purity: HTX-019, lot # ENG 1505 (purity not 
given); Emend IV, lot # LO11518, 
LO10591 (purity not given); Saline, lot # 
WSD15AO; HTX-019 placebo, lot # 
062415.

Key Study Findings
Administration of Emend IV (7.2 mg) and HTX-019 (7.2 mg) by repeated IV injections to 
Sprague-Dawley rats for 28 days followed by 28 day recovery period was associated 
with random death or morbidity at all doses. The cause of death or morbidity was the 
systemic spread of procedure-related (catheter infusion protocol) inflammatory and/or 
thrombotic lesions at the infusion site. Minimal to mild periportal vacuolation was 
observed in the liver of female animals that were treated with Emend IV and mid (2.4 
mg) and high (7.2) dose HTX-019 and survived till termination. After a 28 day recovery 
period, the liver periportal vacuolation finding was not seen in the recovery animals, 
suggesting reversibility of the effect. Also, a lower incidence and/or severity of the 
procedure-related macroscopic/microscopic findings were noted at the infusion site as 
well as in other organs and tissues of the recovery animals, when compared to those 
observed in the main study animals, indicating the likelihood of progressive ongoing 
reversal of effect with a longer recovery period.

Reference ID: 4160351
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Methods
Doses: Saline control (group 1), vehicle control (group 

2), aprepitant 7.2 mg (comparator Emend IV, 
group 3), 0.72 mg (HTX-019 low-dose, group 4), 
2.40 mg (HTX-019 mid-dose, group 5) and 7.2 
mg (HTX-019 high-dose, group 6).

Frequency of dosing: Daily for 28 days
Route of administration: Intravenous injection (slow bolus)

Dose volume: 1 ml
Formulation/Vehicle: HTX-019/ , soybean oil, ethanol, 

sucrose and sodium oleate
Species/Strain: Crl:CD (SD) Sprague-Dawley rats

Number/Sex/Group: 10/sex/group
Age: 9-10 weeks old

Weight: 282-390 g (males), 182-253 g (females)
Satellite groups: 3 rats/sex from group 1 (saline control), and 6 

rats/sex from groups 2 to 6 were designated as 
TK animals.

Unique study design: None
Deviation from study protocol: On several occasions, the dose formulation was 

outside of the acceptance criteria ± 10 %. On 
several occasions, observations for clinical signs 
on some animals were either performed in the 
afternoon rather than in the morning, or were 
performed twice on the same day for one 
animal, or were not performed at all on the 
scheduled day. The terminal blood was collected 
from the main study animal’s abdominal aorta 
instead of from cardiac puncture. The deviations 
did not affect the study results.

Observations and Results
Mortality
Mortality checks were performed at least once a day

Two Emend IV dosed animals (1 main study, and 1 recovery), and two low dose TK 
animals were found dead between treatment days 13 and 26. There were no adverse 
clinical observations in the animals prior to death. Two high dose TK animals and four 
recovery (1 vehicle control, 1 comparator, 1 mid dose and 1 high dose) animals were 
euthanized prematurely due to poor condition between treatment days 13 and 26. The 
animals euthanized prematurely exhibited decreased activity, whole body cold to touch, 
pale limbs and pinna, slightly increased respiration, moderately thin body and skin 
turgor, extreme swelling at the right hind limb, slight lump and crust present at the 
lumbar area, labored respiration and moderate swelling at the surgical catheter implant 
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site, moderately distended abdomen, wet fur at urogenital area, loss of hind limb 
function, red material in dry cage and hunched posture.   
Clinical Signs
All animals were examined once daily during the pretreatment period, and at least once 
daily during the treatment and recovery periods.

There were no test article-related clinical signs observed in the surviving animals during 
the treatment and recovery periods. Clinical signs of skin discoloration (left/right axillary, 
or ventral/dorsal thorax), swelling at the surgical site (dorsal or neck area), and hair loss 
were observed during pre-treatment, and/or recovery periods, and were scattered 
throughout the study animals.
Body Weights
Individual animal body weights were recorded once prior to treatment initiation and 
weekly during the treatment and recovery periods.

There were no test article (HTX-019) or comparator (Emend IV) related effects noted on 
group mean body weight values of animals, when compared to the saline or vehicle 
control values during the treatment or recovery period. The occasional body weight 
increases noted had no significance since they were observed in the vehicle control 
comparator and test groups, when compared to the saline controls.
Feed Consumption
Food consumption by each animal was recorded weekly during the treatment and 
recovery periods.

There were no test article (HTX-019) or comparator (Emend IV) related effects seen on
Group mean food consumption values, since all the values were comparable to the 
vehicle and saline control values over the treatment and recovery periods.
Ophthalmoscopy
Ophthalmic examination of all the animals were conducted pre-dose and during week 4 
of the treatment period.

There were no test article (HTX-019) or comparator (Emend IV) related ophthalmic 
changes as most of the end of dosing findings were also observed during the pre-
treatment period in the animals or were considered as background changes.
ECG
No ECG evaluations of the animals were performed.
Hematology
Blood samples for hematology were collected from surviving animals by cardiac 
puncture at the end of the treatment and recovery periods.

Reference ID: 4160351



NDA 209296 Reviewer: Babatunde Emmanuel Akinshola

17

There was no test article (HTX-019) related change in hematology parameters during 
the treatment and recovery periods. 
The occasional significant changes observed (on day 29) in mean values such as, 
hemoglobin (HBG) levels, mean corpuscular volume (MCV), mean corpuscular 
hemoglobin (MCH) and mean corpuscular hemoglobin concentration (MCHC) in the 
female group 3 (comparator Emend IV), female group 6 (High dose HTX-019), and 
platelet counts for group 3 females (comparator), group 4 (HTX-019 low dose) and 
group 6 (high dose HTX-019), were of low magnitude, and were not dose related.
There were no test article (HTX-019) or comparator (Emend IV) related effects on the 
measured coagulation parameters.
Clinical Chemistry
Blood samples for clinical chemistry were collected from surviving animals by cardiac 
puncture at the end of the treatment and recovery periods.

There were only normal variations in serum chemistry parameters measured in animals 
during the treatment and recovery periods. Occasional significant changes such as TP 
levels seen in group 6 animals, globulin levels and A/G ratios seen in groups 3, 5 and 6 
females, albumin level seen in group 3 females and cholesterol level changes seen at 
the end of treatment day 29 were generally of low magnitude, and remained within 
historical reference ranges. The changes seen in albumin and A/G ratio at the end of 
the recovery period was also of low magnitude and within historical ranges.
Urinalysis
Urine samples were collected from animals at the end of treatment and recovery period 
from 12 to 18 hours.

There were no test article (HTX-019) related effects on urinalysis parameters when 
compared to the comparator (Emend IV) or the saline controls during the treatment and 
recovery periods.
Gross Pathology
All the surviving animals were examined, euthanized, and necropsied at the end of the 
treatment and recovery periods.

There was no macroscopic observation considered related to treatment with the 
comparator or test item, HTX-019 (low, mid or high dose) in the main study or recovery 
animals.

The macroscopic findings of mass, pale thickening, and/or dark material observed at the 
infusion site were due to the indwelling infusion catheter, were correlated with 
microscopic changes in the animals, and were observed in all the study animals. 
However, there was an increase in the incidence of mass in the animals treated with the 
comparator (Emend IV) and HTX-019 high dose, indicating exacerbation by these test 
items, in comparison with the controls.
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Other macroscopic finding considered to be associated with the infusion site findings 
include: adrenal gland dark area; liver mass, dark/pale discoloration, adhesion; lymph 
nodes (bronchial, iliac, mandibular, mediastinal, pancreatic) enlargement; lungs, dark 
focus/pale area/firm; prostate, firm/pale area and small; spleen enlargement; testes, 
small; thymus, small. These macroscopic findings correlated with the microscopic 
findings.

The infusion site macroscopic findings showed lower incidence after the 28 day 
recovery period, when compared to the main animal findings at the end of dosing. 
Infusion site related macroscopic observations were seen in other organs and tissues 
(adipose, prostate, testes, epididymis and urinary bladder) of a recovery animal 
(#3012D). 
 
Organ Weights
The following organs were dissected and weighed prior to fixation:

Adrenals Pituitary
Brain Prostate
Heart Spleen
Kidneys Testes
Liver (2 lobes) Thymus
Lungs (2 lobes) Thyroid gland/parathyroids
Ovaries Uterus
All the paired organs were weighed together.
The mean relative and absolute organ weights were found to be comparable to that of 
the saline control group ranges at treatment day 29 and recovery day 57 for all the 
treatment groups, with the exception of the kidneys and liver.

At the end of dosing on day 29, the mean absolute liver weight of group 3 (comparator) 
and group 6 (high dose) animals, and for group 5 (mid dose) females increased 
significantly when compared to saline controls. Similarly, the relative liver weight for 
group 3 (comparator), group 5 (mid dose) and group 6 (high dose) animals were also 
significantly increased in comparison to that of the saline controls. In addition, the 
relative kidney weights for group 3 (comparator) animals and male animals of group 5 
(mid dose) were significantly increased.

At the end of the recovery period (day 57), the mean absolute liver and kidney weights 
of the treated animals were comparable to the saline control group. However, the mean 
relative liver and kidney weight of groups 3, 5 and 6 animals were still significantly 
increased.
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A summary of the organ weight data is presented in the tables below.

Mean Absolute Organ Weights (G) in Male Rats at the end of Dosing on Day 29
Organs Group 1 

Saline 
Control

Group 2
Vehicle
Control

Group 3
Aprepitant
7.2 mg

Group 4
HTX-019
0.72 mg

Group 5
HTX-019
2.40 mg

Group 6
HTX-019
7.2 mg

Liver  10.2013 
± 1.05799

 10.3941
± 1.12691

12.2343
± 1.58993

 10.5704
± 0.75649

 11.1981
± 1.19855

 12.6969
± 0.82554

Kidneys    2.5207
± 0.12325

   2.7408
± 0.26064

   2.7039
± 0.21782

   2.6189
± 0.20971

   2.8092
± 0.28345

   2.6981
± 0.21461

Mean Absolute Organ Weights (G) in Female Rats at the end of Dosing on Day 29
Organs Group 1 

Saline 
Control

Group 2
Vehicle
Control

Group 3
Aprepitant
7.2 mg

Group 4
HTX-019
0.72 mg

Group 5
HTX-019
2.40 mg

Group 6
HTX-019
7.2 mg

Liver    6.9115 
± 0.70505

   6.8621
± 0.87815

   9.6987
± 1.24879

   7.8868
± 0.68084

   9.1030
± 1.32967

 10.3092
± 1.12878

Kidneys    1.6420
± 0.11791

   1.7730
± 0.16623

   1.8448
± 0.10881

   1.7615
± 0.08799

   1.8432
± 0.21658

   1.8472
± 0.13256

Mean Absolute Organ Weights (G) in Male Rats at the end of Recovery Day 57
Organs Group 1 

Saline 
Control

Group 2
Vehicle
Control

Group 3
Aprepitant
7.2 mg

Group 4
HTX-019
0.72 mg

Group 5
HTX-019
2.40 mg

Group 6
HTX-019
7.2 mg

Liver  11.3164 
± 0.66574

 12.5048
± 0.60776

 12.9486
± 1.78050

 12.3137
± 1.28742

 11.5990
± 1.14648

 11.8490
± 1.75034

Kidneys    2.7986
± 0.43310

   2.9326
± 0.20289

   2.9372
± 0.21777

   2.9254
± 0.33434

   2.8941
± 0.28724

   2.7811
± 0.30752

Mean Absolute Organ Weights (G) in Female Rats at the end of Recovery Day 57
Organs Group 1 

Saline 
Control

Group 2
Vehicle
Control

Group 3
Aprepitant
7.2 mg

Group 4
HTX-019
0.72 mg

Group 5
HTX-019
2.40 mg

Group 6
HTX-019
7.2 mg

Liver    7.7672 
± 0.64445

   7.0625
± 0.83655

   7.2951
± 1.53232

   7.6381
± 0.48535

   8.0809
± 0.41355

 7.7040
± 0.95388

Kidneys    1.7488
± 0.13641

   1.7569
± 0.27392

   1.6116
± 0.30192

   1.8360
± 0.16463

   1.8236
± 0.17822

   1.7609
± 0.20258

Results are mean values ± standard deviation
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Mean Relative Organ Weights (G) in Male Rats at the end of Dosing on Day 29
Organs Group 1 

Saline 
Control

Group 2
Vehicle
Control

Group 3
Aprepitant
7.2 mg

Group 4
HTX-019
0.72 mg

Group 5
HTX-019
2.40 mg

Group 6
HTX-019
7.2 mg

Liver    2.5542 
± 0.17833

   2.5478
± 0.12731

   3.0945
± 0.25465

   2.7081
± 0.16718

   2.8057
± 0.26740

   3.1354
± 0.15046

Kidneys    0.6325
± 0.02332

   0.6739
± 0.05313

   0.6862
± 0.04299

   0.6713
± 0.05310

   0.7062
± 0.08776

   0.6671
± 0.05765

Mean Relative Organ Weights (G) in Female Rats at the end of Dosing on Day 29
Organs Group 1 

Saline 
Control

Group 2
Vehicle
Control

Group 3
Aprepitant
7.2 mg

Group 4
HTX-019
0.72 mg

Group 5
HTX-019
2.40 mg

Group 6
HTX-019
7.2 mg

Liver    2.9335 
± 0.23134

   2.9052
± 0.29927

   4.0998
± 0.40913

   3.2123
± 0.19572

   3.6493
± 0.45139

   4.0910
± 0.41728

Kidneys    0.6985
± 0.05133

   0.7514
± 0.04576

   0.7832
± 0.06269

  0.7201
± 0.06147

   0.7371
± 0.04518

   0.7339
± 0.05709

Mean Relative Organ Weights (G) in Male Rats at the end of Recovery Day 57
Organs Group 1 

Saline 
Control

Group 2
Vehicle
Control

Group 3
Aprepitant
7.2 mg

Group 4
HTX-019
0.72 mg

Group 5
HTX-019
2.40 mg

Group 6
HTX-019
7.2 mg

Liver    0.3728 
± 0.01059

   2.5855
± 0.07003

   2.5486
± 0.17608

   2.5229
± 0.20466

   2.5532
± 0.15859

   2.5067
± 0.16337

Kidneys    0.6309
± 0.07759

   0.6058
± 0.01204

   2.9372
± 0.21777

   0.5985
± 0.04431

   0.6371
± 0.03854

   0.5922
± 0.06202

Mean Relative Organ Weights (G) in Female Rats at the end of Recovery Day 57
Organs Group 1 

Saline 
Control

Group 2
Vehicle
Control

Group 3
Aprepitant
7.2 mg

Group 4
HTX-019
0.72 mg

Group 5
HTX-019
2.40 mg

Group 6
HTX-019
7.2 mg

Liver    2.9343 
± 0.19197

   2.7662
± 0.16764

   3.0337
± 0.39360

   2.7460
± 0.17769

   2.8929
± 0.10687

   2.8801
± 0.12888

Kidneys    0.6599
± 0.02420

   0.6862
± 0.06019

   0.6718
± 0.07819

   0.6600
± 0.05784

   0. 6510
± 0.02116

   0.6590
± 0.02637

Results are mean values ± standard deviation

Histopathology
Tissue samples for histopathology were fixed in 10 % neutral buffered formalin, and 
were prepared for microscopic examination by embedding in paraffin wax, sectioning 
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and staining with hematoxylin and eosin. Gram’s stain was used for the liver, kidney, 
lungs, infusion site and/or heart for some animals. The following organs were examined:

Adequate Battery
Yes
Peer Review
Yes
Histological Findings

There was no microscopic finding that was considered related to treatment with Emend 
IV or HTX-019 (high dose) in the main study animals. 
There were minimal to mild periportal vacuolation observed in the liver of 3 of 9 female 
animals treated with Emend IV, 3 of 10 female animals treated with high dose HTX-019, 
and 1 female animal treated with HTX-019 mid dose. This effect was also seen in the 
liver of two female animals (dosed with the comparator Emend IV), one found dead 
(#3504A) and one that was pre-terminally euthanized (3515F) during the study.
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There were several microscopic findings observed at the infusion site of the animals 
treated with the comparator (Emend IV) or the test article, HTX-019 as well as the 
controls (saline and vehicle). The microscopic findings at the infusion site included: 
minimal to severe vascular wall necrosis/chronic-active inflammation/abscess and/or 
mural thrombosis (with/without mineral deposits or cholesterol clefts). Some of these 
findings correlated with the macroscopic observations already noted at the infusion site 
from catheter placement in the animals. A higher incidence and/or severity of the 
infusion site findings was observed in the animals treated with Emend or the  high dose 
test article, when compared the controls (saline and vehicle), suggesting exacerbation 
by these test items.

Other microscopic findings randomly observed in a variety of organs and tissues, and 
considered related to the inflammatory and/or thrombotic changes at the infusion site 
are: infarct of the adrenal gland; necrosis/chronic-active inflammation/abscess/mural 
thrombosis of the liver; increased cellularity of the lymph node; alveolar/interstitial 
inflammation/vasculitis of the lungs; prostatitis; extramedullary hematopoiesis of the 
spleen; increased granulopoiesis of the femoral and sternal bone marrow; seminiferous 
tubular atrophy; and/or decreased cellularity of the thymus. These microscopic findings 
often correlate with the observed macroscopic findings and were considered to be 
embolic, reactive and/or degenerative changes secondary to the infusion site changes.

After the 28-day recovery period, the periportal vacuolation seen in the liver of the 
female rats treated with Emend or HTX-019 was reversed. There was a lower incidence 
of the injection site related microscopic findings at the end of the 28 day recovery 
period, suggesting the possibility of progressive ongoing reversal of the injection site 
adverse effect with a longer recovery period. Injection site related microscopic findings 
were noted in other organs and tissues such as adipose tissue, prostate, testes, 
epididymis and urinary bladder of one recovery animal (3012D).

In conclusion, the administration of the HTX-019 vehicle control, Emend IV (7.2 mg), 
HTX-019 (0.72, 2.40 and 7.2 mg) by IV injection for 28 days to Sprague-Dawley rats 
followed by 28 day recovery period resulted in random death or morbidity at all doses 
due to the systemic spread of procedure-related (catheter infusion) inflammatory and/or 
thrombotic lesions, at the infusion site. A higher incidence of dead or preterminally 
euthanized animals was noted in the females treated with Emend IV. Minimal to mild 
periportal vacuolation was observed in the liver of female animals that were treated with 
Emend IV and mid (2.4 mg) and high (7.2) dose HTX-019 and survived till termination. 
This finding was also observed in the liver of two female animals (dosed with Emend 
IV), one found dead (3504A) and one euthanized (3515F) during the study. After the 28 
day recovery period, the liver periportal vacuolation finding was not seen in the recovery 
animals, suggesting reversibility of the effect. Also, a lower incidence and/or severity of 
the procedure-related macroscopic/microscopic findings were noted at the infusion sites 
as well as in other organs and tissues of the recovery animals, when compared to those 
observed in the main study animals, indicating the likelihood of progressive ongoing 
reversal of the effects with a longer recovery period.
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Summaries of the gross pathology and histopathology findings are presented in the 
sponsor’s tables below.
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Toxicokinetics
Blood samples (0.4 ml) were collected from TK animals groups 3 to 6 (7.2 mg Emend, 
0.72, 2.4 and 7.2 mg, HTX-019), respectively, on treatment days 1 and 28 pre-dose, at 
10, 30 min, 1, 2, 4, 8, 12 and 24 hours after dosing. Additional blood samples were 
collected pre-dose and 10 min post dose on days 8, 15 and 21 for groups 3, 4, 5, and 6 
animals. 

After the IV bolus administration of HTX-019 (aprepitant) once daily for 28 days, the 
systemic exposure to aprepitant increased generally in a more than dose-proportional 
manner in male and female animals on Day 1. However, on Day 28, systemic exposure 
to aprepitant increased in a slightly more than dose-proportional manner for the females 
dosed at (0.72 - 2.4 mg/day);  for male animals dosed at (2.4 – 7.2 mg/day); and 
generally in a dose proportional manner for females dosed at (2.4 – 7.2 mg/day), and 
for males dosed at (0.72 – 2.4 mg/day).

Exposure to Aprepitant (Cmax, AUC0-Tlast and AUCINF) was higher in both sexes dosed 
with 7.2 mg HTX-019, than the group 3 animals dosed with 7.2 mg Emend IV on Day 1 
and Day 28. Over the 28-day treatment period, Cmax, AUC0-Tlast and AUCINF values 
obtained from male animals dosed with 0.72 mg HTX-019 were comparable on Day 1 
and Day 28. However, the TK parameters obtained on Day 28 from group 3, 5, and 6 
male and female animals, and from group 4 female animals were lower than the values 
obtained on Day 1. A summary of the TK parameters is shown in the sponsor’s Table 
below.

Reference ID: 4160351



NDA 209296 Reviewer: Babatunde Emmanuel Akinshola

26

   

Dosing Solution Analysis
The concentrations of aprepitant (0.72, 2.4 and 7.2 mg) at the initial testing and end of 
study re-testing for the stock solution were within the 90.0 to 111.0% of the target 
concentrations. No aprepitant was detected in the saline (control) group.

10 Special Toxicology Studies

Effects of HTX-019 and Emend IV in the Rabbit Ear Phlebitis Model after a Single 
Intravenous or Perivascular Administration. (Study No. 33-001)

The objective of this study was to determine the local tolerance of New Zealand White 
Rabbits to HTX-019, Emend IV (Fosaprepitant) in different vehicle formulations after a 
single intravenous (IV) and paravenous (PV) injection.

Methods:

Doses: HTX-019 (lot # 110514),  Emend IV (lot # K006624), Vehicle control emulsion 
(lot # 112514), Aprepitant in a low Sodium Oleate vehicle control emulsion (lot # 
120314), Low Sodium Oleate vehicle control emulsion (lot # 120414) and 0.9 % Sodium 
Chloride NaCl) for Injection (lot # C903161) were administered by single IV injection (1 
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ml/kg for 20 mins) to rabbits through the marginal right ear vein, and by subcutaneous 
bolus perivascular injection (0.5 ml) through the marginal left ear vein. The saline (0.9 % 
NaCl) was used as the vehicle control. 7.2 mg/kg of the test article or Emend was 
injected IV into the right ear vein, and 3.6 mg was injected subcutaneously into the left 
ear vein.

Study design: Twenty eight (28) male New Zealand White Rabbits, 12 weeks old, and 
weighing 2.3 to 2.8 kg were randomly divided into 6 groups (5/group for 1 to 5, and 3 
animals in group 6) and were administered the test article, vehicle formulations or 
negative control IV (at 1 ml/kg) via the right marginal vein and by subcutaneous 
perivascular injection (at 0.5 ml) via the left ear. The areas (approximately 1 cm) beyond 
the point of entry of the needle were evaluated macroscopically and microscopically. 
Clinical signs were recorded at 1, 4 and 24 hours post-dose, and irritation at the dosing 
sites was graded (by Draize method) at 1 and 24 hours post-dose. Two samples of 
tissues were excised from the injection sites (3-10 mm proximally and 20-30 mm 
distally) and were fixed in 10 % neutral buffered formalin (NBF) and evaluated 
microscopically. All the surviving animals were weighed on day 2 prior to euthanasia.  
Tissues for evaluation were embedded in paraffin blocks, thin sectioned, and stained 
with hematoxylin and eosin for microscopic evaluation. Histopathological evaluations 
were done on all collected tissues and the findings were scored with respect to loss of 
venous endothelial cells, inflammatory cell infiltration, edema, epidermal degeneration 
and thrombus formation.

Results:

There were no animal mortalities observed in any of the treatment groups. There were 
no significant changes observed in the mean body weight of the animals, and there 
were no adverse clinical signs observed at all the time points (1, 4 and 24 hours after 
dosing).

Macroscopic results/Injection site scoring

Group 1; comparator Emend IV (Fosaprepitant dimeglumine):

Animals receiving the comparator Emend IV did not show any signs of erythema/edema 
at the intravenous (IV) site, 1 hour post-dose. However, at the perivenous (PV) bolus 
injection site, all the animals show a well-defined erythema but no edema at 1 hour 
post-dose. At 24 hours after dosing, 2 of 5 animals showed very slight erythema and 1 
of 5 animals showed well-defined erythema at the intravenous site. At 24 hours after 
dosing at the PV site, all the animals exhibited well-defined erythema but no edema.

Group 2; HTX-019 vehicle formulation 1:

In animals receiving HTX-019 vehicle formulation, at 1 hour after dosing, 2 of 5 animals 
showed very slight erythema, and 1 of 5 animals showed well-defined erythema and 
very slight edema at the IV site. At the PV site, 2 of 5 animals showed well-defined 
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erythema and 1 of 5 animals showed slight edema at 1 hour post-dose. At 24 hours 
after dosing, 1 of 5 animals showed very slight erythema and 1 of 5 animals showed 
well-defined erythema at the IV site. There was no edema at the IV site. At 24 hour after 
injection at the PV site, 2 of 5 animals showed very slight erythema, but no edema.

Group 3; Vehicle control emulsion formulation 2: 

In animals receiving the vehicle control emulsion 1 hour after dosing, 2 of 5 animals 
showed very slight erythema, and 1 of 5 animals exhibited well-defined erythema at the 
IV site. However, there was no edema seen in any of the animals at the IV or PV sites 
at 1 hour post-dose. At the PV site, 4 of 5 animals showed very slight erythema and 1 of 
5 animals showed well-defined erythema at 1 hour post-dose. At 24 hours post-dose, 
there was no edema at the IV or PV sites. One of 5 animals showed very slight 
erythema at the IV site. At the PV site, 2 of 5 animals showed very slight erythema, and 
3 of 5 animals showed well-defined erythema.

Group 4; Aprepitant in a low SO vehicle emulsion formulation 3:

In animals receiving Aprepitant in a low sodium oleate (SO) vehicle emulsion, at 1 hour 
post-dose, 1 of 5 animals exhibited well defined erythema at the IV site, whereas, at the 
PV site, 3 of 5 animals showed very slight erythema and 3 of 5 animals showed well-
defined erythema. There was no edema at the IV or PV sites in any animal at 1 hour 
post-dose. At 24 hours post-dose, 1 of 5 animals showed very slight erythema, 
whereas, at the PV site, 3 of 5 animals showed very slight erythema and 1 of 5 animals 
showed well-defined erythema. There was no edema at the IV or PV sites in any animal 
at 24 hours post-dose.

Group 5; Low SO vehicle control emulsion formulation 4:

In animals receiving the low SO vehicle control emulsion, at 1 hour post-dose, there 
were no signs of erythema or edema at the IV sites, whereas, at the PV site, 2 of 5 
animals showed very slight erythema, and 1 of 5 animals showed well defined 
erythema. There was also no edema at the PV site at 1 hour post-dose. At 24 hours 
post-dose there were no signs of erythema or edema at the IV site, whereas, at the PV 
site, 4 of 5 animals exhibited very slight erythema and edema. There was also no 
edema at the PV site at 24 hours post-dose.

Group 6; 0.9 % Sodium Chloride negative control:

In animals receiving the saline negative control, at 1 hour post-dose, there were no 
signs of edema at the PV or IV sites, and only 1 of 3 animals exhibited well-defined 
erythema at the IV site. At the PV site, 2 of 3 animals showed very slight erythema, and 
1 of 3 animals showed well defined erythema. At 24 hours after dosing, 3 of 3 animals 
showed very slight erythema at the IV site, whereas, there were no signs of edema at 
the IV or PV sites. At the PV site (24 hours post-dose), 1 of 3 animals showed very 
slight erythema and 2 of 3 animals showed well-defined erythema.
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Microscopic results/Histopathology

Histopathology results such as endothelial cell loss, edema, inflammatory cell infiltrates, 
and epidermal degeneration were scored per protocol using the criteria presented in the 
sponsor’s table below.

Animals dosed intravenously (IV) with fosaprepitant had higher overall scores for 
endothelial cell loss, edema, hemorrhage, and inflammatory cell infiltrates than the 
animals that were dosed with saline control. Also, injection sites dosed perivenously 
(PV) with fosaprepitant had higher overall scores than the PV saline control sites, which 
were all normal. In addition, injection sites dosed PV with fosaprepitant had higher 
scores than the sites that were dosed IV with fosaprepitant.
In summary, the findings in the animals dosed with fosaprepitant were consistent with 
minor vascular irritation, inflammation, and were more severe when the test article was 
administered PV.
In general, the animals that were dosed with the four different vehicle emulsion 
formulations had lesser or equal scores to the saline control animal scores, and the 
findings were considered inconsequential both IV and PV.

Ulcers were seen on the right ear of 3 animals (#422 and #423 from group1; and #435 
from group 3). The ulcers were observed away from the injection sites in two animals 
dosed with IV fosaprepitant in group 1 (#422 and #423), and over the ear vein in one 
animal dosed with vehicle control emulsion in group 3 (#435). Since there was no other 
animal with significant epidermal degeneration associated with the injection site, it is 
likely that the ulcers were caused by trauma (from clipping, scratching, injecting or 
taping of the catheter), rather than a direct effect of the test article. However, because of 
the location of the ulcer in animal #435, the finding was listed under injection site.
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The minimal granulomatous inflammation seen surrounding hair fragments in the ear 
section of several animals were considered incidental background findings since they 
were present before the test agent was administered. Animals dosed with HTX-019 
(group 2), vehicle control emulsion (group 3) aprepitant in a low sodium oleate vehicle 
emulsion (group 4), or the low sodium oleate vehicle control emulsion (group 5) 
generally had lesser or equal histopathologic grade scores than the findings in the 
saline control animals, and were considered inconsequential, both intravenously and 
perivenously.

In conclusion, injection sites dosed IV or PV with fosaprepitant had higher overall scores 
for endothelial cell loss, edema, hemorrhage, and inflammatory cell infiltrates than sites 
dosed with the four different vehicle emulsion formulations, which also had lesser or 
equal scores to the saline control animal. The injection sites dosed PV with 
fosaprepitant had higher scores than the sites that were dosed IV with fosaprepitant. A 
summary of the study results in presented in the sponsor’s table below. The findings in 
the animals dosed with fosaprepitant, although more severe than that of the animals 
dosed with the other four different vehicle emulsion formulation, were consistent with 
minor vascular irritation, inflammation, and were more severe when the test article was 
administered PV.
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Macroscopic Results/Injection Site Scoring (Draize)
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Macroscopic Results/Injection Site Scoring (Draize)

Other Toxicity Studies

Hemolysis Screening of Test Article HTX-019 (Study No. 1176-R1)

The study objective was to evaluate the hemolytic potential of HTX-019 in dog, rat and 
human red blood cells in vitro.

Methods:
Heparinized blood from dog, rat and human stored at room temperature was used 
within 8 hours of collection. Two-fold dilutions (0.08-10 % of the test article were 
prepared in saline or D5W and then diluted into aliquots of blood, which were then 
incubated at 37oC for 45 min and then centrifuged to separate the cells from plasma. An 
aliquot of plasma was diluted with a (Drabkin’s) reagent and the OD540 was measured. 
A calibration curve prepared by dilution of non-centrifuged blood was used to determine 
the degree of hemolysis, and triton X-100 was used as the reference compound.
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