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Disclaimer

Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 217150 are owned by Sandoz, Inc. or are data for which 
Sandoz, Inc. has obtained a written right of reference. Any information or data 
necessary for approval of NDA 217150 that Sandoz, Inc. 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 217150.
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1 Executive Summary

1.1 Introduction
The Applicant, Sandoz, Inc., submitted NDA 217150 in accordance with Section 
505(b)(2) of the Federal Food, Drug, and Cosmetic Act, and is seeking marketing 
approval for Cyclophosphamide Injection (100 mg/mL; supplied at 500 mg/5 mL, 1000 
mg/10 mL, and 2000 mg/20 mL strengths) for the treatment of patients with malignant 
lymphomas, multiple myeloma, leukemias, advanced mycosis fungoides, disseminated 
neuroblastoma, ovarian adenocarcinoma, retinoblastoma, and breast carcinoma. The 
active pharmaceutical ingredient (API), route of administration, dosing regimen, and 

 sought for the proposed cyclophosphamide formulation, the listed drug (LD), 
Cytoxan (NDA 012142), and the reference standard (RS), Cyclophosphamide for 
Injection (ANDA 040745), are the same. The excipient profile of the proposed 
cyclophosphamide formulation differs from the LD and the RS.

1.2 Brief Discussion of Nonclinical Findings
For the current NDA, the Applicant submitted toxicology studies and assessments to 
support the proposed formulation and impurity profiles. The data included a non-GLP 
dose range finding (DRF) study in rats (submitted upon request) where the animals 
were dosed for 5 consecutive days, a plasma protein binding study, a hemolysis and 
plasma compatibility study, an excipients assessment, an impurities assessment, and a 
series of extractables and leachables reports.

Extractables reports were submitted for contact materials in the drug product 
manufacturing process, including  and the container-closure system. The 
compounds extracted in the various “worst-case” conditions were not at levels 
determined to be unsafe from a toxicological perspective. The proposed specifications 
for impurities ImpB,  were adequately qualified by the assessments. 
The high protein binding was comparable between the proposed drug product, the API, 
and the reference product, and the proposed drug was not hemolytic under the 
conditions tested. The rat DRF study, while not designed to support safety at the 
injection site and conducted at sub-therapeutic levels, did not produce any toxicological 
signals on the skin.

1.3 Recommendations

1.3.1 Approvability
Recommended for approval. There are no Pharmacology/Toxicology concerns with the 
proposed Cyclophosphamide Injection drug product.
1.3.2 Additional Nonclinical Recommendations
None.
1.3.3 Labeling
The high levels of ethanol in the drug product were addressed by a Warning and 
Precaution and additional language in the label.
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Based on the acceptable levels of the extracted compounds compared to the worst-
case levels that would be in the cyclophosphamide drug product, there are no safety 
concerns from a Pharmacology/Toxicology perspective. 
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Based on the acceptable levels of the extracted compounds compared to the worst-
case levels that would be in the cyclophosphamide drug product, there are no safety 
concerns from a Pharmacology/Toxicology perspective.

6 General Toxicology

6.2 Repeat-Dose Toxicity
Study title:  Cyclophosphamide 200 mg/20 mL 5-day preliminary 
intravenous toxicity study in rats followed by 3-week recovery period

Study no.: E0634
Study report location: 4.2.3.7.7

Date of study initiation: August 2, 2021
GLP compliance: No

QA statement: Yes
Drug, lot #, and % purity: Cyclophosphamide Injection (2000 mg/20 

mL), KY1203, 98.9

Key Study Findings

Methods
Doses: 0, 20, 30, or 45 mg/kg

Frequency of dosing: Daily for 5 days
Route of administration: Tail vein

Dose volume: 5 mL/kg
Formulation/Vehicle: Cyclophosphamide Injection drug product 

dissolved in saline/ Saline 
Species/Strain: Rat/ Sprague Dawley (SD)

Number/Sex/Group: 3
Age: 6-7 weeks

Weight: 150-174 grams
Satellite groups: None

Unique study design: No
Deviation from study protocol: None

This dose range finding study was submitted upon Agency request when it was referred 
to in an in vitro hemolysis assay. The study was designed to select dose levels for 
subsequent studies for qualification of cyclophosphamide impurities. All rats were dosed 
once a day for 5 consecutive days with the Cyclophosphamide drug product at 20, 30, 
or 45 mg/kg (HEDs = 3.2, 4.9, and 7.5 mg/kg; clinical dose is 25 mg/kg/day). Hunched 
posture and piloerection were noted in the high dose group and there was dose-
dependent weight loss. Dose-dependent decreases in reticulocytes, leucocytes and 
platelets were noted in all treated animals. No histopathological analysis was 
conducted. Macroscopic observations included reduced thymus size. The skin was one 
of the tissues observed but there was no indication of a drug induced effect on the 
injection site.
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Observations and Results

Mortality
One middle dose male, a high dose male and a high dose female were found moribund 
and euthanized on days 9, 7, and 8, respectively. Common findings included 
piloerection and hunched posture and post-mortem findings of lymph node and gland 
discoloration. The findings were determined to be test article related.
Clinical Signs
A hunched posture and piloerection were noted in the high dose animals by the end of 
the dosing period.
Body Weights/Feed Consumption
Body weight and food consumption were decreased relative to control animals for all 
treated groups.
Hematology
Dose-dependent decreases in reticulocytes, leukocytes, and platelets were noted.
Clinical Chemistry
An increase in urea was noted in all treatment groups.
Urinalysis
Unremarkable.
Gross Pathology
A reduced thymus size was noted in the treatment groups.
Organ Weights
Decreases in thymus and spleen weight (absolute and relative to body weight) were 
noted.
Histopathology
Not evaluated.

10 Special Toxicology Studies
Hemolytic Potential and Plasma Compatibility Study of Cyclophosphamide in 
Human/ 2022_0073_GLP
Key findings

 While the proposed Cyclophosphamide Injection drug product formulation has 
elevated hemolysis levels compared to the API alone and the reference product, 
the levels were much lower than the positive control, suggesting relatively low 
hemolytic potential.

Method
Cyclophosphamide Injection, the API, and the reference product cyclophosphamide 
were incubated with whole blood from a healthy donor at 0.2, 0.7, 2.8, and 20 mg/mL for 
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up to 45 minutes prior to absorbance readings at 570 and 600 nm and 660 and 700 nm 
wavelength pairings of the supernatant to determine the hemoglobin concentrations in 
mg/dL. A 1% saponin solution was the positive control. Hemolysis was present 
(recorded as a positive test result) if the hemoglobin index was greater than 500 mg/dL.
Results
Hemolysis test results (excerpted from the Applicant’s submission)

Cyclophosphamide: In vitro binding to human plasma proteins/ 2022_0074_non-
GLP
Key findings

 The proposed Cyclophosphamide Injection drug product formulation bound to 
human plasma blood proteins at high levels that were comparable to the API 
alone and the reference product.

Method
Cyclophosphamide Injection, the API, and the cyclophosphamide reference product 
were incubated in human plasma from a healthy donor at 350 g/mL for up to 16 hours 
prior to the determination of plasma protein binding of cyclophosphamide by equilibrium 
dialysis.

Reference ID: 5225905



NDA 217150 Simon Williams, PhD

14

Results
Plasma protein binding results (excerpted from the Applicant’s submission)
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