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Sandoz Inc. submitted this Biologic Licensing Application (BLA) under section 351(k) of the 

Public Health Service Act (PHS Act) for EP2006 (Zarxio), a proposed biosimilar product to the 

reference product US-licensed Neupogen.  Sandoz is seeking licensure of Zarxio for the same 

indications currently approved for US-licensed Neupogen. 

US-licensed Neupogen product contains recombinant methionyl granulocyte colony stimulating 

factor (met-G-CSF).  G-CSF is a lineage-specific colony stimulating factor.  Binding of G-CSF to 

the G-CSF receptor on myeloid progenitor cells and mature neutrophils initiates transduction 

signals that lead to the proliferation and differentiation of neutrophil committed progenitor cells, 

increase of mature neutrophils in the blood, enhanced neutrophil function, and mobilization of 

CD34-positive hematopoietic stem cells. G-CSF is not species-specific and therefore the use of 

the rat in nonclinical studies to support this BLA was appropriate.

Sandoz conducted animal studies to evaluate the pharmacodynamics, toxicity, toxicokinetics, 

and local tolerance of EP2006 when compared to EU-approved Neupogen.  In a pharmacology 

study, administration of EP2006 or EU-approved Neupogen to normal or neutropenic rats 

resulted in similar dose-related increases in absolute neutrophil counts.  In 28-day repeat-dose 

toxicology studies in rats, same target organs of toxicity were identified (i.e. spleen, bone 

marrow, and liver) in animals treated with either EP2006 or EU-approved Neupogen.  There 

were also no significant differences in toxicokinetic parameters.  Of note, the two repeat-dose 

toxicology studies tested two different formulations of EP2006 – one containing L-glutamic acid 

and the other containing acetic acid, the buffering agents for the to be marketed product from 

Sandoz and EU-approved Neupogen, respectively.  No significant differences in 

pharmacodynamics, toxicity, and toxicokinetic parameters were noted in rats treated with 

EP2006 in either formulation.  In a local tolerance study in rabbits, no test article-related 

changes in erythema, edema, hematomas, pain reactions, gross pathology, or histopathology 

were noted. Although direct comparison of EP2006 and US-licensed Neupogen was not 

conducted in animals studies, analytical bridging studies comparing EP2006, US-licensed 

Neupogen, and EU-approved Neupogen established that all three products are similar at the 
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physiochemical level.  Therefore, from the perspective of the nonclinical pharmacology and 

toxicology discipline, the data provided in the 351(k) BLA demonstrated that there are no 

residual uncertainties regarding the similarity of EP2006 to the US-licensed Neupogen.

The nonclinical studies were reviewed by Dr. Christopher Sheth.  The nonclinical findings are 

summarized in the “Executive Summary” section of the BLA review.  Based on the 

determination of similarity of Zarxio to US-licensed Neupogen, the nonclinical sections of the 

labeling should be comparable to those in the labeling for US-licensed Neupogen.

Recommendation:  I concur with Dr. Sheth’s conclusion that the submitted pharmacology and 

toxicology data support the similarity of Zarxio to US-licensed Neupogen and approval of BLA 

125553 for Zarxio.  From the perspective of the nonclinical discipline, there are no outstanding 

nonclinical issues that would preclude the approval of Zarxio for the proposed indications.
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Disclaimer

Except as specifically identified, all data and information discussed below and 
necessary for approval of BLA 125553 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 BLA 125553 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 BLA 125553.
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1 Executive Summary

1.1 Introduction

Sandoz Inc. is requesting marketing approval for EP2006, as a proposed biosimilar
product to the recombinant human granulocyte-colony stimulating factor (rhG-CSF) 
reference product, US-licensed Neupogen (also referred in this review as Neupogen).  
Neupogen was approved in the US in 1991 and the current label includes indications 
and usage information for: cancer patients receiving myelosuppressive chemotherapy;
patients with acute myeloid leukemia receiving induction or consolidation 
chemotherapy; cancer patients receiving bone marrow transplant; patients undergoing 
peripheral blood progenitor cell collection and therapy; and patients with severe chronic 
neutropenia.

Colony-stimulating factors are glycoproteins which act on hematopoietic cells by binding 
to specific cell surface receptors and stimulating proliferation‚ differentiation 
commitment‚ and some end-cell functional activation.  According to the approved 
Neupogen labeling, endogenous G-CSF is a lineage specific colony-stimulating factor 
which is produced by monocytes‚ fibroblasts, and endothelial cells.  G-CSF regulates 
the production of neutrophils within the bone marrow and affects neutrophil progenitor 
proliferation‚ differentiation, and selected end-cell functional activation (including 
enhanced phagocytic ability‚ priming of the cellular metabolism associated with 
respiratory burst‚ antibody dependent killing, and the increased expression of some 
functions associated with cell surface antigens).  G-CSF is not species-specific and has 
been shown to have minimal direct in vivo or in vitro effects on the production of 
hematopoietic cell types other than the neutrophil lineage.

As part of Sandoz’s global development strategy for EP2006, EP2006 was compared 
head-to-head with EU-approved Neupogen as the comparator product in five animal
studies assessing the pharmacodynamics (PD), toxicity, toxicokinetics (TK) and local 
tolerance of the product.  A graphical representation of the development program is 
presented in Figure 1.  The nonclinical development of EP2006 involved selecting dose 
levels and use of the subcutaneous (SC) route of administration to maximize the 
sensitivity to detect potential differences between EP2006 and EU-approved Neupogen.  
Analytical bridging studies (see CMC review) comparing EP2006, EU-approved 
Neupogen, and US-licensed Neupogen established that all three products are similar at 
the physiochemical level.  From the perspective of nonclinical pharmacology and 
toxicology, there are no residual uncertainties regarding the similarity of EP2006 to the 
reference product.

1.2 Brief Discussion of Nonclinical Findings

The nonclinical data submitted to the BLA demonstrate the similarity (i.e., similar PD 
characteristics and similar safety) of EP2006 and EU-approved Neupogen.

The PD study (EP06-004) examined the hematological response in normal and 
neutropenic rats for 12 days following administration of either EP2006 or Neupogen on 

Reference ID: 3694893



BLA 125553 Christopher M. Sheth, PhD

7

Days 1 to 4.  In normal rats, EP2006 and EU-approved Neupogen produced similar 
relatively sustained dose-related increases in ANC from Days 2 to 5.  Both EP2006 and 
EU-approved Neupogen produced similar biphasic increases in ANC in neutropenic rats 
with two peak responses occurring on Days 2 and 5 with lower values on Days 3 and 4.

Local tolerance study (EP06-003) was conducted to assess for potential erythema, 
edema, hematomas, pain reactions, gross pathology, and histopathology in rabbits 
administered undiluted EP2006 or EU-approved Neupogen via the SC, intravenous (IV), 
perivascular (PV), intraarterial (IA) and intramuscular (IM) routes.  No definitive drug-
related changes occurred in the local tolerance study.

The 14-day TK study (EP06-002) showed that the toxicokinetics of EP2006 and EU-
approved Neupogen at levels between 20 and 500 μg/kg are relatively similar in rats 
following single (on Day 0) and repeated (on Day 13) subcutaneous dosing.

Two 28-day toxicity/TK studies (EP06-001 and EP06-006) with 6-week recovery periods 
were conducted in rats.  Both studies were essentially identical in design, however the 
EP06-006 study was the most informative (pivotal) as it was conducted with the 
formulation of EP2006 (to be marketed in the US) containing L-glutamic acid as the 
buffering agent.  The EP06-001 study is supportive as it was conducted with EP2006 
formulated in acetic acid which is the same buffer system used in the EU-approved
Neupogen comparator.  It is of note that changes in the buffer systems/dilution solutions 
as outlined in Table 1 and Table 2 did not meaningfully affect the PD or safety signals of 
EP2006.

No drug-related deaths occurred in either 28-day study.  Dose- and time-related 
increases in white blood cells, notably neutrophils, were observed in males and females 
treated with ≥ 20 μg/kg EP2006 or EU-approved Neupogen on Days 3, 14 and 28.  
Other noteworthy findings were similar between EP2006 and EU-approved Neupogen in 
both studies and included: swollen joints and paralysis and/or some hind leg dysfunction
at 500 μg/kg; dose-related increases in alkaline phosphatase up to 9-fold greater than 
controls; dose-related increases in spleen weights; hyperplasia of myeloid cells, 
increased hematopoietic cells in bone marrow and spleen, myeloid hyperplasia in the 
liver (EP06-006) and riddled compacta or myelofibrosis in the femur bone (EP06-001).  
Exposures to rhG-CSF were similar in animals receiving equivalent dose levels of 
EP2006 or EU-approved Neupogen during the 28-day studies.
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Table 2 Overview on buffer systems of EP2006, EU-approved Neupogen, dilution 
solutions for both products and placebo controls

(Excerpted from the submission)

1.3 Recommendations

1.3.1 Approvability

From the Pharmacology/Toxicology perspective EP2006 may be approved for the 
proposed indications.

1.3.2 Additional Non Clinical Recommendations

None

1.3.3 Labeling

The nonclinical sections of the label will be comparable to the label of the reference 
product Neupogen.

2 Drug Information

2.1 Drug

CAS Registry Number 121181-53-1
Proper Name To be determined

Code Names used by Sandoz
EP2006, rhG-CSF, r-metHuG-CSF, 
“filgrastim Sandoz”

Chemical Name
N-(L-Methionyl) granulocyte colony-
stimulating factor; recombinant human 
Granulocyte-Colony Stimulating Factor
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2.1 Drug

Molecular Formula

Molecular Weight 18796.8-18800.4 (MALDI-TOF MS)

Biochemical Description

EP2006 is an E.coli-derived rhG-CSF with 
an additional N-terminal methionine and 
lacks an O-glycosylation at Thr133 as 
compared to the native human form or a 
cell culture-derived form.  EP2006 is a 
non-glycosylated protein composed of 175 
amino acids.  The protein molecule 
contains five cysteines and 2 
intramolecular disulfide bonds between 
positions Cys37-Cys43 and Cys65-Cys75.

Pharmacologic Class
Recombinant granulocyte colony-
stimulating factor (G-CSF)

2.2 Relevant INDs, NDAs, BLAs and DMFs

PIND 109197 (EP2006); BLA 103353 (US-licensed Neupogen)

2.3 Drug Formulation

EP2006 will be supplied as pre-filled syringes at 300 μg/0.5 mL or 480 μg/0.8 mL; 
containing sterile ready for use solutions for injection intended for single applications. 
There are no accompanying reconstitution diluents.  See tables below for composition 
of EP2006 300 μg/0.5 mL (Table 3) and EP2006 480 μg/0.8 mL (Table 4) solutions for 
injection.  Sandoz compared the composition of their products side-by-side with EU-
approved Neupogen (Table 5).
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Sandoz asserts that bridging to US-licensed Neupogen was established at the 
physiochemical level, justifying the relevance of the nonclinical studies conducted with 
EU-approved Neupogen (Figure 1).  An Application Orientation Meeting was held on 
June 11, 2014.

3 Studies Submitted

3.1 Studies Reviewed 

Number Title Location

EP06-001
28-day subcutaneous toxicity study of EP2006 (filgrastim Sandoz) in the 
rat followed by a 6-week recovery period

4.2.3.2

EP06-002
14-day subcutaneous toxicokinetics study of EP2006 (filgrastim Sandoz) in 
the rat

4.2.3.2

EP06-003
Local tolerance test of two formulations of EP2006 (filgrastim Sandoz) and 
Neupogen (filgrastim) vs. saline 0.9% in the rabbit

4.2.3.6

EP06-004
Comparative pharmacodynamic study of Sandoz filgrastim (EP2006) and 
filgrastim (Neupogen, Amgen) following subcutaneous administration 

4.2.1.1

EP06-006
28-day subcutaneous toxicity study of filgrastim Sandoz (EP2006) and 
filgrastim (Neupogen) in the rat followed by a 6-week recovery period

4.2.3.2

3.2 Studies Not Reviewed 

None

3.3 Previous Reviews Referenced

None

4 Pharmacology

4.1 Primary Pharmacology

Sandoz submitted a comparative PD study of EP2006 (batch 00 0675011G) and EU-
approved Neupogen (batch N4477AE) in normal and neutropenic rats (Study EP06-
004).  Male CD rats were randomly allocated to 19 study groups.  In the normal rat 
study, five different doses of EP2006 and EU-approved Neupogen were used: 10, 20, 
40, 80 or 160 μg/kg. In the neutropenic rat study three different doses of EP2006 and 
EU-approved Neupogen were used: 30, 60, and 100 μg/kg. Neutropenia was induced 
by chemotherapy using a single intraperitoneal dose of 50 mg/kg cyclophosphamide on 
Day 0. The placebo, EP2006 and EU-approved Neupogen were administered by SC 
injection in the back once daily on Days 1 to 4.  Animals were monitored for local 
tolerance, systemic tolerance (behavior, external appearance, feces, and mortality), and 
for effects on body weights.  The PD assessment was centered on the hematological 
response.  Blood was collected from the retrobulbar venous plexus on Days 1 
(neutropenic rats only), 2, 3, 4, 5, 6, 7, 8 and 12.  The hematological evaluation included 
assessment of: differential blood counts (including lymphocytes, monocytes, 
granulocytes (neutrophils, eosinophils, and basophils)) and large unstained cells (LUC) 
(103 cells/μL); erythrocytes (RBC) (1012/L); hematocrit value (%); hemoglobin content 
(g/L); and platelets (109/L).
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All normal animals treated with EP2006 or EU-approved Neupogen survived until study 
termination on Day 12.  The unscheduled deaths that did occur included one control 
animal on Day 4 and two neutropenic animals on Day 12 (1 exposed to 60 μg/kg of 
EP2006 and 1 exposed to 30 μg/kg of EU-approved Neupogen).  With regards to local 
tolerance, no injection site findings were observed in any of the animals.  With regards 
to systemic tolerance, none of the normal or neutropenic animals treated with EP2006 
or EU-approved Neupogen exhibited any changes in behavior or external appearance.  
Body weights of normal and neutropenic rats were unaffected by either treatment when 
compared with concurrent controls.

In normal rats, absolute neutrophil counts (ANC) increased dose-dependently and peak 
values for the high dose groups given 160 μg/kg of EP2006 or EU-approved Neupogen
were observed on Day 5 (Figure 2 and Figure 3).  These increases in neutrophils in 
conjunction with increases in eosinophils, basophils, LUCs and monocytes were 
primarily responsible for the dose-related increases in white blood cell (WBC) counts
that were observed to reach maximal levels 2 to 6 days after administration.  Dose-
related increases in lymphocyte counts were also observed 2 to 6 days after 
administration.  Erythrocyte parameters (RBC, hemoglobin, and hematocrit) in all 
groups exhibited slight and steady decreases over the treatment period; likely due to 
blood draws, while platelet parameters were relatively unaffected by EP2006 or EU-
approved Neupogen in normal rats over the course of the study.

In neutropenic control rats maximal suppression of WBC and ANC parameters were 
observed around Days 3 to 4 and 4 to 5, respectively.  ANC values recovered to 
baseline values around Day 8, whereas WBC recovered to baseline closer to Day 12.  
Neutropenic rats treated with either EP2006 or EU-approved Neupogen exhibited 
marked increases in ANC values around Days 2 to 3 and again around Days 5 to 6, 
which were above ANC values in non-neutropenic concurrent control rats.  WBC values 
in neutropenic rats treated with EP2006 or EU-approved Neupogen also peaked on 
Days 2 and 5 but the levels did not exceed WBC values observed in the non-
neutropenic controls.  All other differential count responses were similar between the 
EP2006 and EU-approved Neupogen groups.  Erythrocyte parameters and platelets 
exhibited slight but steady declines over the treatment period and began recovering on 
Days 8 and 6, respectively.

Overall, the results demonstrate that the PD effects of EP2006 are similar to those of 
EU-approved Neupogen in both normal (Figure 2, Figure 3, Table 6) and neutropenic 
rats (Figure 4, Figure 5, Table 7).
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Figure 2 Number of neutrophilic granulocytes in normal rats treated with EP2006

(Excerpted from the submission)

Figure 3 Number of neutrophilic granulocytes in normal rats treated with EU-
approved Neupogen

(Excerpted from the submission)
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Table 6 Neutrophil count comparison between treatment groups of equal strength 
– normal rats

(Excerpted from the submission)

Figure 4 Number of neutrophilic granulocytes in neutropenic rats treated with 
EP2006

(Excerpted from the submission)
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Figure 5 Number of neutrophilic granulocytes in neutropenic rats treated with EU-
approved Neupogen

(Excerpted from the submission)

Table 7 Neutrophil count comparison between treatment groups of equal strength 
– neutropenic rats

(Excerpted from the submission)

4.2 Secondary Pharmacology

No studies were submitted for review.

4.3 Safety Pharmacology

Not applicable.

5 Toxicokinetics

5.1 TK

The toxicokinetics of EP2006 were evaluated in studies EP06-001, EP06-002, and 
EP006-006, and are summarized below with the individual toxicology study summaries.

6 General Toxicology

6.1 Single-Dose Toxicity

The local tolerance study EP06-003 utilized single-dose administration (see Section 10).
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6.2 Repeat-Dose Toxicity

Study title:  14-day subcutaneous toxicokinetics study of EP2006 
(filgrastim Sandoz) in the rat

Study no.: EP06-002
Study report location: 4.2.3.2

Conducting laboratory and location:

Date of study initiation: November 18, 2003
GLP compliance: Statement included and signed

QA statement: Statement included and signed
Drug, lot #, and % purity: EP2006, batch RS21, 0.96 mg/mL

EU-approved Neupogen, batch 
NO577AA, 0.48 mg/0.5mL

Key Study Findings

The toxicokinetics of EP2006 and EU-approved Neupogen at levels between 20 and 
500 μg/kg are relatively similar in rats following single (on Day 0) and repeated (on Day 
13) subcutaneous dosing.

Methods
Doses: EP2006: 20, 100, 500 μg/kg

EU-approved Neupogen: 20 and 500 μg/kg
Frequency of dosing: Once daily for 14 days

Route of administration: SC
Dose volume: 2 mL/kg

Formulation/Vehicle: Acetate-formulation buffer
Species/Strain: Wistar rat

Number/Sex/Group: 10 or 11 males/Group
Age: Approximately 6 weeks

Weight at first dose: 132 to 169 g 
Satellite groups: None

Unique study design: EP2006 versus EU-approved Neupogen
Deviation from study protocol: None that affected study interpretation
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Study Design

(Excerpted from the submission)

Observations and Results

Mortality

Viability and mortality were recorded daily during the treatment period.  No unscheduled 
deaths or signs of early mortality were observed over the treatment period.

Body Weights

Body weights were recorded once prestudy (Day -7) and daily during the treatment 
period (Figure 6).

Figure 6 Body weight of rats treated with SC EP2006 or EU-approved Neupogen
for 14 days
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(Excerpted from the submission)

Toxicokinetics

The toxicokinetics of EP2006 (20, 100 or 500 μg/kg) were compared with the 
toxicokinetics of EU-approved Neupogen (20 or 500 μg/kg) in male rats following single 
and repeated subcutaneous dosing.  Blood was collected retroorbitally at 0, 0.5, 1, 3, 6, 
and 24 hours after the first dose (on Day 0) and 0.5, 1, 3, 6, 24, and 48 hours after the 
last dose (on Day 13).  The concentration-time plots are shown in Figure 7 (Day 0) and 
Figure 8 (Day 13) and a summary of the toxicokinetic values are presented in Table 8.

 EP2006
o Cmax

 Increased proportionally to increases in dose from 20 to 500 μg/kg
 Day 13 values were -6 to 8% of Day 1 values
 Cmax following a single 20 μg/kg dose was 2-fold greater for 

EP2006 than EU-approved Neupogen
o AUC(0-t)

 Increased proportionally to increases in dose from 20 to 500 μg/kg
 Day 13 values were 6 to 20% of Day 1 values
 AUC(0-t) following a single 20 μg/kg dose was 2-fold greater for 

EP2006 than EU-approved Neupogen
o tmax

 Increased from 1 to 3 hours following repeated dosing at 20 and 
100 but not 500 μg/kg

o t1/2

 Increased 9 to 41% following repeated dosing
o Volume of distribution (Vd) and Clearance (CL)

 Following repeated dosing, Vd increased at 20 and 500 μg/kg and 
decreased at 100 μg/kg

 CL decreased slightly following repeated dosing at all dose levels

 EU-approved Neupogen
o Cmax

 Increased proportionally to increase in dose from 20 to 500 μg/kg
 Day 13 values were 15 to 82% of Day 1 values

o AUC(0-t)

 Increased proportionally to increases in dose from 20 to 500 μg/kg
 Day 13 values were 51 to 56% of Day 1 values

o tmax

 Increased from 1 to 3 hours following repeated dosing at 20 but not 
500 μg/kg

o t1/2

 Decreased 32% following repeated dosing at 20 μg/kg and 
increased 6% following repeated dosing at 500 μg/kg
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o Vd and CL
 Vd and CL values for rats receiving 20 μg/kg EU-approved 

Neupogen were approximately 2-fold greater than any other group

Figure 7 Mean G-CSF concentration in rat serum after a single dose of EP2006 or 
EU-approved Neupogen – Day 0

(Excerpted from the submission)
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Figure 8 Mean G-CSF concentration in rat serum after repeated dosing of EP2006 
or EU-approved Neupogen – Day 13

(Excerpted from the submission)
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Table 8 Toxicokinetics in rats exposed to EP2006 or EU-approved Neupogen for 
14 days

(Excerpted from the submission)

Dosing Solution Analysis

EP2006 was prepared in buffer to concentrations of 10, 50, and 250 μg/mL.  The 
concentrations of freshly prepared dosing solutions were verified as was the stability of 
the dosing solutions following storage at -20°C for 5 months.
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Study title:  28-day subcutaneous toxicity study of filgrastim Sandoz 
(EP2006) and filgrastim (EU-approved Neupogen) in the rat followed by a 6-
week recovery period

Study no.: EP06-006
Study report location: 4 2 1 1

Conducting laboratory and location:

Date of study initiation: August 30, 2007
GLP compliance: Statement included and signed

QA statement: Statement included and signed
Drug, lot #, and % purity: EP2006, batch 000675211G, 480 μg/0.5 

mL
EU-approved Neupogen, batch 1001143,
480 μg/0.5 mL

Key Study Findings

 Low incidences of slight to marked swollen joints and/or paralysis of the hind legs 
were observed in males treated with 500 μg/kg of EP2006 or EU-approved 
Neupogen

 Dose- and time-related increases in white blood cells, notably neutrophils, were 
observed in males and females treated with ≥ 20 μg/kg EP2006 or EU-approved 
Neupogen on Days 3, 14 and 28

 Dose-related increases (approximately 2-fold or greater) in alkaline phosphatase 
were observed in males and females at doses ≥ 20 μg/kg

 Increases in spleen weights reached the level of statistical significance at doses 
≥ 100 μg/kg

 Exaggerated pharmacodynamic effects of EP2006 and EU-approved Neupogen
included myeloid hyperplasia with neutrophilic granulocytes in the bone marrow, 
liver and spleen at ≥ 20 μg/kg, increased hematopoietic cells in the spleen at ≥
20 μg/kg, and myelofibrosis in the bone marrow at 500 μg/kg

 Exposure was similar in animals dosed with EP2006 or EU-approved Neupogen
at matched dose levels

Reference ID: 3694893
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Methods
Doses: EP2006: 20, 100, 500 μg/kg

EU-approved Neupogen: 20 and 500 μg/kg
Frequency of dosing: Once daily for 28 days

Route of administration: SC
Dose volume: 2 mL/kg (0, 100 and 500 μg/kg)

1.3 mL/kg (20 μg/kg)
Formulation/Vehicle: L-glutamate buffer (EP2006),

acetate buffer (EU-approved Neupogen)
Species/Strain: Wistar rat

Number/Sex/Group: Treatment: 10/Sex/Group
Recovery: 5/Sex/Group

Age at first dosing: Approximately 5 weeks
(Males: 35 days / Females: 33 days)

Weight: Males:     120.9 to 164.5 g
Females: 126.0 to 149.1 g

Satellite groups: TK: 9/Sex/Group
Unique study design: EP2006 versus EU-approved Neupogen

Deviation from study protocol: None that affected study interpretation
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Study Design

(Excerpted from the submission)

Observations and Results

Mortality

Viability and mortality were recorded twice daily Monday-Friday throughout the 
treatment and recovery periods.  Two female TK animals died as a result of stress 
associated with blood withdrawal, one on Day 5 (at 100 μg/kg EP2006) and one on Day 
28 (at 20 μg/kg EP2006).

Clinical Signs

Animals were observed twice daily throughout the treatment and recovery periods.  
Females were unaffected.  A summary of the findings in males is presented in Table 9.
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Table 18 Toxicokinetics in rats exposed to EP2006 or EU-approved Neupogen for 
28 days

(Excerpted from the submission)
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Dosing Solution Analysis

One hundred seventy-four total samples were collected for possible analysis and 10 
samples/dose group (only 9 samples from Group 4; 500 μg/kg EP2006) were randomly 
selected for G-CSF content analysis.  The individual recoveries for each group were 
within the acceptance range; except for one sample from Group 2 (20 μg/kg EP2006)
which is considered an outlier (Figure 11).

Figure 11 Comparison of relative content for groups 2 - 6

(Excerpted from the submission)
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Study title:  A 28-day subcutaneous toxicity study of EP2006 (filgrastim 
Sandoz) in the rat followed by a 6-week recovery period

Study no.: EP06-001
Study report location: 4.2.3.2

Conducting laboratory and location:

Date of study initiation: November 13, 2003 (males)
September 30, 2003 (females)

GLP compliance: Statement included and signed
QA statement: Statement included and signed

Drug, lot #, and % purity: EP2006, batch RS21, 0.96 mg/mL
EU-approved Neupogen, batch 
NO577AA, 0.48 mg/0.5mL

Key Study Findings

 Low incidences of mild to marked swollen joints and/or hind legs were observed, 
predominantly in animals treated with 500 μg/kg of EP2006 or EU-approved 
Neupogen

 Dose- and time-related increases in white blood cells, notably neutrophils, were 
observed in males and females treated with ≥ 20 μg/kg EP2006 or EU-approved 
Neupogen on Days 3, 14 and 28

 Dose-related increases (approximately 2-fold or greater) in alkaline phosphatase 
were observed in males and females at doses ≥ 100 μg/kg

 Increases in spleen weights reached the level of statistical significance at doses 
≥ 20 μg/kg

 Microscopic findings of note included hyperplasia of lymphoid tissues, femur 
bone compacta riddled with small islands of bone marrow and myelofibrosis in 
the femur bone

 Exposure was similar in animals dosed with EP2006 or EU-approved Neupogen
at matched dose levels

Reference ID: 3694893
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Methods
Doses: EP2006: 20, 100, 500 μg/kg/day

EU-approved Neupogen: 20, 500 μg/kg/day
Frequency of dosing: Once daily for 28 days

Route of administration: SC
Dose volume: 2 mL/kg

Formulation/Vehicle: Acetate-formulation buffer
Species/Strain: Wistar rat

Number/Sex/Group: Treatment: 10/Sex/Group
Recovery: 5-6/Sex/Group

Age at study initiation: Approximately 6 weeks
Weight at first dose: Males: 75-92 g

Females: 70-88 g
Satellite groups: None

Unique study design: EP2006 versus EU-approved Neupogen
Deviation from study protocol: None that affected study interpretation

Study Design

(Excerpted from the submission)

Observations and Results

Mortality

Viability and mortality were recorded twice daily on treatment days and once daily 
during the recovery period.  There were no unscheduled deaths during the treatment 
period (Days 0-27) or during the recovery period (Days 28-70).  One (replacement) 
male treated with 500 μg/kg EP2006 and one given 500 μg/kg EU-approved Neupogen
were removed from the study on Day 16.

Clinical Signs

Observations were recorded twice daily during the treatment period and once daily 
during recovery (Table 19 and Table 20).  
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Irwin Test

A modified Irwin test was used to assess behavior and physiological function in rats 
treated with either 0 (control) or 500 μg/kg of EP2006 or EU-approved Neupogen once 
after the first treatment (Day 0) and once in the last week of treatment (Day 23).  On 
Day 23 skin turgor was lower in males and females treated with EP2006 when 
compared to controls.  Some females treated with 500 μg/kg of EP2006 also showed a 
more prominent startle response or mild paleness.

Body Weights

Body weights were recorded once prestudy, daily during the treatment period and twice 
weekly during the recovery period.  The graphs below depict the weekly mean values
(Figure 12 and Figure 13).

Figure 12 Body weights EP06-001 study - males

(Excerpted from the submission)
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Figure 13 Body weights EP06-001 study - females

(Excerpted from the submission)

Feed Consumption

Food consumption was assessed on a weekly basis (Figure 14 and Figure 15).

Figure 14 Food consumption EP06-001 study - males

(Excerpted from the submission)
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Figure 17 Serum rhG-CSF concentrations following 28 days of EP2006

(Excerpted from the submission)

Figure 18 Serum rhG-CSF concentrations following 28 days of EU-approved 
Neupogen

(Excerpted from the submission)
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Dosing Solution Analysis

EP2006 was prepared in buffer to concentrations of 10, 50, and 250 μg/mL.  The 
concentrations of freshly prepared dosing solutions were verified (Table 28) as was the 
stability of the dosing solutions following storage at -20°C for 5 months (Table 29).

Concentration:

Table 28 Concentration of EP2006 in dosing solutions

(Excerpted from the submission)

Stability:

Table 29 Percent of EP2006 remaining in dosing solutions (retained at -20°C for 5 
months) compared with freshly prepared solutions

(Excerpted from the submission)
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7 Genetic Toxicology

7.1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames)

Not applicable.

7.2 In Vitro Assays in Mammalian Cells

Not applicable.

7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay)

Not applicable.

7.4 Other Genetic Toxicity Studies

Not applicable.

8 Carcinogenicity

Not applicable.

9 Reproductive and Developmental Toxicology

9.1 Fertility and Early Embryonic Development

Not applicable.

9.2 Embryonic Fetal Development

Not applicable.

9.3 Prenatal and Postnatal Development

Not applicable.

10 Special Toxicology Studies

Local Tolerance

Sandoz submitted a local tolerance test of two formulations of EP2006 (batches 
0304011S and 0304016S) in addition to EU-approved Neupogen (batch NO0693AB) 
versus saline in New Zealand White rabbits (Study EP06-003).  Animals were assigned 
to groups as outlined in the table below.  Various injection sites and routes were used to 
test the local tolerance of undiluted doses of 48 million International Units/0.5 mL, 
including the trunk (SC), ear (IV, PV, and IA) and the thigh (IM).  The right sides of the 
animals were used for dosing with EP2006 or EU-approved Neupogen and the left sides
was reserved for saline administration.  Clinical observations were recorded daily over 
an observation period of 48 hours (groups 1, 3, 5, 7, 9 and 11) and 96 hours (groups 2, 
4, 6, 8, 10 and 12) before sacrifice.  Erythema and edema formation were evaluated on 
a scale with grades 0 to 4 (Table 30), the incidence and severity of pain reactions and 
hematomas were assessed, and macroscopic and microscopic observations were 
recorded.
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Study Design

(Excerpted from the submission)
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