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Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 210852 are owned by Dr. Reddy’s Laboratories Limited 
or are data for which Dr. Reddy’s Laboratories Limited has obtained a written right of 
reference.  Any information or data necessary for approval of NDA 210852 that Dr. 
Reddy’s Laboratories Limited 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 210852. 
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1 Executive Summary 

1.1 Introduction 

On September 28, 2017, Dr. Reddy’s Laboratories Limited (Dr. Reddy’s) submitted a 
new drug application (NDA) under section 505(b)(2) of the Federal Food, Drug and 
Cosmetic Act (FDCA) for Cyclophosphamide Injection 500 mg/mL, 1 g/2 mL and 2 g/4 
mL.  Dr. Reddy’s intends to rely on the FDA’s previous findings of safety and efficacy for 
the listed drug, Cytoxan® (cyclophosphamide for injection) under NDA 012142.  Of 
note, this product is discontinued.  Dr. Reddy’s proposed formulation is different from 
the listed drug (LD) formulation in terms of dosage (from being a solution versus dry 
powder), and that it uses dehydrated alcohol, as an excipient.  The Applicant submitted 
animal pharmacokinetic and toxicology studies in rodents in support of this NDA. 
 

1.2 Brief Discussion of Nonclinical Findings 

Dr. Reddy’s provided a study report for a single dose, bridging toxicity study in male rats 
(Study No. P264/SE/065) to compare pharmacokinetics between Dr. Reddy’s product 
and the LD.  Findings from this study showed comparable decreases in body weight 
with both products.  Pharmacokinetic results showed similar exposures with Dr. Reddy’s 
product versus the LD. The Applicant’s formulation uses dehydrated alcohol as a 
vehicle.  Volume of distribution and clearance results were similar between test-article 
and reference product, suggesting ethanol did not influence disposition of kinetics of Dr. 
Reddy’s product versus LD.  
  
Dr. Reddy’s conducted a 4-week repeat-dose comparative study with their product 
without or with spiking of impurities compared to the LD in CD-1 mice (Study No. 
SE/64/01).  Animals were administered vehicle, 50 mg/kg or 100 mg/kg of products via 
tail injection.  The purpose of this GLP study was to qualify the levels of impurities in Dr. 
Reddy’s product when administered once weekly, for a total of 4 doses.  Hence, one 
arm received Dr. Reddy’s product spiked with impurities to enrich their final levels to 

% for impurities A, C and D and % for impurity B.  In the main study, one male 
administered with 100 mg/kg Dr. Reddy’s product spiked with impurities died at Day 14. 
This animal had reduced body weight and histopathology showed hepatocellular 
degeneration and necrosis and necrotic foci with bacterial colonies and multifocal 
thrombus in liver. The Applicant suggested death was incidental due to multifocal 
thrombus formation in the liver with subsequent liver degeneration and necrosis as 
indicated in the pathology report.  It should be noted that the toxicokinetic group 
receiving Dr. Reddy’s product spiked with impurities also had two early decedents, a 
male at 100 mg/kg was found dead on Day 12 and a male at 50 mg/kg was euthanized 
due to moribundity.  These deaths were considered by the Applicant to be related to 
stress due to blood sampling.  Overall, results showed changes in hematology 
parameters and major target organs of toxicity were nonreversible effects on spleen 
(minimal to moderate extramedullary hematopoiesis) and testes (minimal to marked 
degeneration/atrophy).  Findings were similar across all groups administered with Dr. 
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Reddy’s product, Dr. Reddy’s product enriched with impurities or LD.  Thus, the 
impurities were qualified based on the percent present in the toxicology drug lot. 
 
A comparative intravenous local tolerance study in rabbits showed that a single 
administration at the absolute human dose of 50 mg/kg/body weight of Dr. Reddy’s 
product at the strength dose of 20 mg/mL was tolerated and comparable to LD.   
 
An in vitro hemolysis assay in human whole blood indicated Dr. Reddy’s product and LD 
were not hemolytic.   
 

1.3 Recommendations 

1.3.1 Approvability 

From the nonclinical perspective, this NDA is recommended for approval. 

1.3.2 Additional Non Clinical Recommendations 

None. 

1.3.3 Labeling 

Refer to the final approved Prescribing Information for the final labeling.  Minor changes 
were made to the lactation recommendation in the highlights, Sections 8.2 and 17 to 
reflect DOP1 practices with PLLR content and formatting. 

2 Drug Information 

2.1 Drug 

CAS Registry Number (Optional)  6055-19-2 
 

Generic Name    Cyclophosphamide 
 

Code Name     None 
 

Chemical Name       N,N-bis (2-chloroethyl)-N’-(3-hydroxypropyl) 
    phosphordiamidic acid cyclic ester  
    monohydrate 

 

Molecular Formula/Molecular Weight C7H17Cl2N2O3P/ 279.09 (monohydrate) g/mol 
 

Structure or Biochemical Description 

 
(Excerpted from Applicant’s submission) 
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(RTU) and reference produce, cyclophosphamide for injection 
(powder) in CD-1 mice   

P264/SE/048 Cyclophosphamide Injection (RTU) (spiked with impurities): two 
week repeated dose (once weekly) intravenous toxicity study in 
CD-1 mice 

S14234 Cyclophosphamide Injection (Dr. Reddy’s Product, RTU) and 
Endoxan (RLD, Cyclophosphamide powder for Injection: 
Comparative Intravenous Local Tolerance Study in New Zealand 
White Rabbits 

 

3.3 Previous Reviews Referenced 

None. 

4 Pharmacology 

The Applicant did not submit any pharmacology studies. 
 

5 Pharmacokinetics/ADME/Toxicokinetics 

5.1 PK/ADME 

Study title:  Single dose intravenous comparative pharmacokinetics study 
of Dr. Reddy’s product, cyclophosphamide injection and reference product, 
cyclophosphamide for injection in male Sprague Dawley rats 
 

Study no.: P264/SE/065 
Study report location: eCTD Section 4.2.2.7. 

Conducting laboratory and location: 

Date of study initiation: October 5, 2016 
GLP compliance: No 

QA statement: Yes 
Drug, lot #, and % purity: Cyclophosphamide injection -RTU (Dr. 

Reddy’s Product) 2 g/4mL, EH15027, 
97.6%; 
Cyclophosphamide injection USP 500 
mg/mL, 5G040G, 100.4% 

 

Key Study Findings 

 Decreased body weight was observed with both formulations of 
cyclophosphamide 

 Comparative ratios between Dr. Reddy’s product and reference product of PK 
parameters ranged between 0.94 to 1.04   

Reference ID: 4279504
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 Ethanol did not influence disposition of kinetics, based on comparable volume 
distribution and clearance between Dr. Reddy’s product versus LD 

Methods 
Doses: Vehicle, 50 and 100 mg/kg 

Frequency of dosing: Once  
Route of administration: IV 

Dose volume: 7.71 mL/kg 
Formulation/Vehicle: 0.9% w/v sodium chloride  

Species/Strain: Rats/Sprague Dawley 
Number/Sex/Group: 10 males/group 

Age: 8 to 9 weeks  
Weight: 263 ± 19.90g 

Satellite groups: None 
Unique study design: None 

Deviation from study protocol: None were considered to have had a major 
impact on the validity and interpretation of study 
results. 

Table 2: Study design and allocation of male rats in Study No. P264/SE/065 

 
 (Excerpted from Applicant’s submission) 

 
Justification for Dose Selection 
Based on findings observed in a non-GLP, single dose toxicity study in rats using Dr. 
Reddy’s cyclophosphamide for injection (Study# P264/SE/064). The human equivalent 
dose (HED) of 154.2 mg/kg was selected for this study.  The selected dose is equivalent 
to human maximum daily dose of 25 mg/kg/day of cyclophosphamide.  
 

Observations 

Clinical signs Twice daily after dosing 

Body weight Day 1 (pre-dose) and prior to the last blood sampling at 24 h time point on Day 
2 

Blood sampling 5 min, 30 min, 1, 1.5, 2, 4, 6, 8, and 24 h post-dosing 
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Necropsy/Gross 
Pathology 

At the end of last blood collection 

 

Results 

Mortality  

None. 

Clinical Signs  

Unremarkable. 

Body Weights 

 Decreased body weight was noted in Group 1 and Group 2 on Day 2, compared 
to Day 1. 

 There was no statistically significant difference in body weight changes between 
Group 1 and Group 2 animals. 

Table 3: Summary of body weight changes in Study No. P264/SE/065 

 
(Excerpted from Applicant’s submission) 

 

Toxicokinetics 
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Figure 1: Comparative PK profiles between test-product and reference product in 
Study No. P264/SE/065 

 
(Excerpted from Applicant’s submission) 

Table 4: Summary of PK parameters for Dr. Reddy’s Cyclophosphamide and 
reference product in rats in Study No. P264/SE/065 

 
(Excerpted from Applicant’s submission) 
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Table 5: Comparative ratios of PK parameters between Dr. Reddy’s 
Cyclophosphamide and reference product in rats in Study No. P264/SE/065 

 
(Excerpted from Applicant’s submission) 

 

Dosing Solution Analysis 

Not reported. 
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6 General Toxicology 

6.2 Repeat-Dose Toxicity 

Study title:  Dr. Reddy’s product, cyclophosphamide injection 500 mg/mL 
(enriched with impurities & without impurities) and reference product, 
cyclophosphamide for injection USP 500 mg: Four weeks repeated dose 
comparative (once weekly) intravenous toxicity and toxicokinetic study in 
CD-1 mice with two weeks recovery period.   
 

Study no.: SE/64/01 
Study report location: eCTD Section 4.2.3.7.6. 

Conducting laboratory and location: 

Date of study initiation: April 1, 2016 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: Cyclophosphamide injection 500 mg/mL, 

CYI-2-500-F-006 (enriched with 
impurities), 88.9%; 
Cyclophosphamide injection 500 mg/mL, 
EH15019, 97.9%; 
Cyclophosphamide injection USP 500 
mg/mL, 5G040G, 100.4% 
 

 

Key Study Findings 

 One death in male mouse at 100 mg/kg Dr. Reddy’s product enriched with 
impurities on Day 14.  Mouse presented a weight loss of -13.6%.  Cause of death 
was hepatocellular degeneration and necrosis and necrotic foci with bacterial 
colonies and multifocal thrombus in liver in histopathology.  

 Major target organs of toxicity in mice administered either formulation of 
cyclophosphamide were nonreversible effects on spleen (minimal to moderate 
extramedullary hematopoiesis) and testes (minimal to marked 
degeneration/atrophy).  
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Dr. Reddy’s and reference product were tolerated up to highest dose tested, 60 mg/kg.  
Histopathology findings included changes in testes (tubular degeneration/atrophy), 
epididymides, thymus (minimal to mild atrophy) and spleen (minimal to mild 
extramedullary hematopoiesis). Thus, for this study, 50 and 100 mg/kg were selected to 
for evaluation.  Per Applicant, these doses represent equal or double amount when 
compared to human maximum dose (50 mg/kg) on a body weight basis under clinical 
conditions.   

Table 7: Study Design and allocation of mice 
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(Excerpted from Applicant’s submission) 
 

 

Observations  

Clinical signs Daily 

Body weight Pre-test (Day 1), followed by twice weekly thereafter 

Food consumption Twice weekly 

Ophthalmic exams Direct ophthalmoscopy: pre-test, Day 26, Day 39 (recovery females), Day 40 
(recovery males) 

Hematology Day 29 and Day 43 

Serum Chemistry Day 29 and Day 43 

Coagulation Day 29 and Day 43 

Urinalysis Not analyzed 

Necropsy Day 29 and Day 43 (examination of external surfaces, external orifices, 
abdominal, thoracic and cranial cavities, organs, tissues and site of injection) 

Organ Weight Day 29 and Day 43 (See Table Z in the Appendix for a full list organs) 

Histopathology Day 29 and Day 43 (See Table Z in the Appendix for a full list of evaluated 
tissues) 

 

Mortality 

Main Study Group: 

 Male# 45 at 100 mg/kg Dr. Reddy’s product enriched with impurities was found 
dead on Day 14.  Mouse presented a weight loss of -13.6%.  Gross pathology 
showed multifocal areas of discoloration of liver, which correlated with 
hepatocellular degeneration and necrosis and necrotic foci with bacterial colonies 
and multifocal thrombus in liver in histopathology. The Applicant suggested death 
was incidental due to multifocal thrombus formation in the liver with subsequent 
liver degeneration and necrosis.   

Toxicokinetic Group: 

 Male# 153 at 100 mg/kg Dr. Reddy’s product enriched with impurities was found 
dead on Day 12. 

 Male# 148 at 50 mg/kg Dr. Reddy’s product enriched with impurities was 
sacrificed due to moribund conditions on Day 17.   

 The Applicant suggested these deaths may be due to blood sampling stress. 
 

Clinical Signs 
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 Reversible or partially reversible parameters in males, included WBC, 
monocytes, lymphocytes, eosinophils, reticulocytes; and in females, included 
HGB, MCHC, RDW, monocytes, lymphocytes. 

 In females, RBC, WBC and lymphocyte changes with 100 mg/kg Dr. Reddy’s 
product or reference product were not reversible; and reticulocytes in 100 mg/kg 
Dr. Reddy’s product group (other groups reversible) 

Clinical Chemistry 

 The following statistically significant changes were noted, but they were not dose 
dependent, differed between sexes, and/or lacked histopathology correlates. 

o A decrease in total protein was noted in males of 100 mg/kg Dr. Reddy’s 
product (-8%), 50 mg/kg reference product (-6%) and females in 100 
mg/kg Dr. Reddy’s product enriched with impurities (-6%) at end of study; 
and an increase was noted in recovery males from 100 mg/kg Dr. Reddy’s 
product enriched with impurities (5%) group. 

o A decrease in ALP was observed in females dosed with 100 mg/kg of any 
product of approximately -24%; and an increase in recovery males at 100 
mg/kg Dr. Reddy’s product (30%) and 100 mg/kg reference product 
(24%). 

o Females from 50 mg/kg Dr. Reddy’s product group had 23% decrease in 
cholesterol 

o During recovery, increased glucose was noted in males treated with 100 
mg/kg of any product, by approximately 24% 

Urinalysis 

No urinalysis data was submitted. 

Gross Pathology 

 Reduced testes size was noted at 100 mg/kg doses: 5/10 mice Dr. Reddy’s 
product, 5/10 of Dr. Reddy’s product enriched with impurities, 6/10 reference 
product.  Recovery animals had an incidence of 2/10 mice in each group. 

 Reduced thymus in males: 3/10 of Dr. Reddy’s product, 3/10 of Dr. Reddy’s 
product enriched with impurities, 4/10 reference product.  No abnormalities in 
thymus were noted after recovery. 

 Liver (multifocal area, white discoloration): Present in early decedent, Male#45 at 
100 mg/kg Dr. Reddy’s product enriched with impurities 

Organ Weights 

 Table 9 shows statistically significant changes, expressed by percentage change 
over respective vehicle control for absolute weight.  Similar weight changes were 
observed for changes relative to whole body and brain weight. 
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Table 11: Toxicokinetics – Comparing Dr. Reddy’s Product (enriched with 
impurities) and Dr. Reddy’s Product (without impurities) in Study No. SE/64/01 

 
(Excerpted from Applicant’s submission) 

 

Dosing Solution Analysis 

HPLC Method: 

 Reference product (cyclophosphamide for injection) and Dr. Reddy’s product, 
were ± 10% of the nominal concentration when tested on Days 1 and 22. 

 Dr. Reddy’s product, cyclophosphamide injection enriched with impurities did not 
meet acceptance criteria.  Dosing formulations ranged from % to % on 
Day 1, and % or % on Day 22. 

 The % relative standard deviation (RSD) of % unknown specified impurities 
( RRTs) was ± % of nominal concentrations on Days 1 and 
22. 
 

LC-MS/MS Method to detect impurities A, B, C, D 
The following is in reference to cyclophosphamide related impurities A, B, C, and D in 
Dr. Reddy’s product enriched with impurities, unless otherwise noted: 

 % RSD of related impurities A, B, C, and D were ± % of study sample analysis 
on Days 1 and 22. 

 For the 5 mg/mL formulation, the mean % accuracy of related impurities were ± 
% of nominal concentration on Day 1.  For the 10 mg/mL formulation, 

impurities A, C and D were ± % of nominal concentration, and for impurity B it 
was slightly lower, at % compared to nominal concentration. 

 On Day 22 the mean % accuracy of related impurities did not meet acceptance 
criteria, ranging for impurity A – to %, B – % to %, 
and D – % to %.  Impurity C was within acceptance limits, ± % of 
nominal concentration, ranging from % to %. 
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7 Genetic Toxicology 

Dr. Reddy’s Laboratories Limited did not submit any genetic toxicology data in support 
of this NDA. These studies were not required as the applicant relied on FDA’s previous 
findings of safety and efficacy for Cytoxan. 

8 Carcinogenicity 

Dr. Reddy’s Laboratories Limited did not submit any carcinogenicity data in support of 
this NDA. Per ICH S9, carcinogenicity studies are not warranted to support marketing 
for therapeutics intended to treat patients with advanced cancer. 
 

9 Reproductive and Developmental Toxicology 

Dr. Reddy’s Laboratories Limited did not submit any reproductive and developmental 
toxicology data in support of this NDA. These studies were not required as the applicant 
relied on FDA’s previous findings of safety and efficacy for Cytoxan. 
 

10 Special Toxicology Studies 

Study Title: Cyclophosphamide Injection (2 g/4 mL) (Dr. Reddy’s Product) and 
Cyclophosphamide for Injection (2 g/vial) (Reference Product): In Vitro Hemolysis 
Assay in Human Whole Blood/ Study No.VLL/0616/G/T046 
 
This GLP-compliant study assessed the hemolytic potential of Dr. Reddy’s product, 
Cyclophosphamide for Injection compared to reference product, together with % 

as a positive control and 0.9% sodium chloride injection as a negative 
control, in human whole blood.  Doses tested for test-article and reference product were 

500 g/mL, 100 g/mL and 50 g/mL.  Based on hemolytic grading, where ≤ 10% is 
considered non-hemolytic and ≥ 25% is hemolytic, the test-article and reference product 
were not hemolytic, with an average hemolysis of ≤ 10% at all doses tested.  In 
contrast, positive control achieved an average hemolysis of 97% and negative control 
did not induce hemolysis. 
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Study title:  Cyclophosphamide Injection (Dr. Reddy’s Product, RTU) and 
Endoxan (RLD, Cyclophosphamide Powder for Injection: Comparative 
Intravenous Local Tolerance Study in New Zealand White Rabbits 
 

Study no.: U-15111 
Study report location: eCTD Section 4 2 3 6 

Conducting laboratory and location: 

Date of study initiation: August 14, 2015 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: Test-article: Cyclosphosphamide 

Injection (Dr. Reddy’s Product) 500 
mg/mL (RTU), Lot# EH15019, 97.9% 
purity. 
Reference product: Cyclosphosphamide 
for Injection (Endoxan), Lot# 4C166A, 
99.4% purity. 

 

Key Study Findings 

 Dr. Reddy’s Product was tolerated and comparable to reference product. 
 
Methods 

Doses: 50 mg/kg 
Frequency of dosing: Single administration 

Dose volume: 2.5 mL/kg 
Route of administration: IV (marginal ear vein) 

Formulation/Vehicle: Saline 
Species/Strain: Rabbits/New Zealand White 

Number/Sex/Group: 6 males/group 
Satellite groups: None 

Unique Study design: No 
Deviation from study protocol: None were considered to have had a major 

impact on the validity and interpretation of study 
results. 

 
Twelve rabbits were randomized in two groups of 6 rabbits.  Group#1 (G1) was 
administered Cyclophosphamide Injection 500 mg/mL formulation (RTU-test article) and 
Group#2 (G2) received Cyclophosphamide powder for injection (Endoxan-reference 
product) formulation by intravenous route.  The test article or reference product were 
administered as a single dose in the right marginal ear vein.  For control, the left 
marginal ear vein of each rabbit was injected with equivalent volume (2.5 mL/kg) of 
normal saline. 
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Table 12: Study design for Study No. U15111 

 
(Excerpted from Applicant’s submission) 

Justification for Dose Selection 

The dose selected, 50 mg/kg/body weight was chosen because it represented the 
absolute human therapeutic dose based on the results of a dose rage finding study 
(Study No. S14234). 

Observations and Results 

Mortality 

All animal survived to necropsy. 

Clinical Signs 

 Male# Oa0820 treated with test-article presented hematuria on Days 2 and 3. 

Body Weight 

Unremarkable 

Injection Site 

 Male# Oa0818 treated with test-article exhibited a: 
o  well defined erythema from Day 1 until it recovered by Day 4. 
o  vein engorgement at site on injection from Day 1 until it recovered by Day 

2. 

Gross Pathology 

Unremarkable 
 

Histopathology 

Minimal to mild fibroplasia and minimal epidermal crust were noted in two animals 
treated with test-article on right ear or two animals with saline (left ear of rabbits treated 
with reference product). These microscopic findings were considered to be procedure 
related since they were present in left ear (saline treated) of Group#2 rabbits (reference 
product). 
 

11 Integrated Summary and Safety Evaluation 

See Executive Summary. 
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12 Appendix/Attachments 

Table 13: Organ and tissues evaluated in Study No. SE/64/01 
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