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Except as specifically identified, all data and information discussed below and 
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1 Executive Summary
1.1 Introduction
Sandoz Inc. is requesting marketing approval for LA-EP2006, as a proposed biosimilar 
product to the US-licensed reference product Neulasta. Neulasta (BLA 125031 by 
Amgen Inc.) was approved in the US in 2002 and the current label includes indications
and usage information to decrease the incidence of infection, as manifested by febrile 
neutropenia, in patients with non-myeloid malignancies receiving myelosuppressive 
anti-cancer drugs associated with a clinically significant incidence of febrile neutropenia.

Pegfilgrastim is a covalent conjugate of recombinant methionyl human granulocyte 
colony-stimulating factor (r-met-HuG-CSF, filgrastim) covalently linked to a 20 kDa 
polyethylene glycol (PEG) in order to obtain a molecule that has an extended duration 
of pharmacological activity compared to non-PEGylated G-CSF products. 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.  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 LA-EP2006, LA-EP2006 was 
compared head-to-head with EU-approved Neulasta as the comparator product in four 
animal studies assessing the pharmacodynamics (PD) and pharmacokinetics (PK), and 
two animal studies assessing the toxicity and toxicokinetics (TK).  Assessment of the 
local tolerance to the products was included in these animal studies.  The nonclinical 
development of LA-EP2006 involved selecting dose levels and use of the subcutaneous 
(SC) route of administration to maximize the sensitivity to detect potential differences 
between LA-EP2006 and EU-approved Neulasta.  Analytical bridging studies (see CMC 
review) comparing LA-EP2006, EU-approved Neulasta, and US-licensed Neulasta 
established that all three products are similar at the physiochemical level.  Similar PD 
effects were shown in rat PK/PD studies and the safety data obtained from repeat-dose
toxicity studies was comparable between LA-EP2006 and EU-approved Neulasta.
Exposures to the drugs were variable, with values for area under curve (AUC) and 
maximum serum concentration (Cmax) for LA-EP2006 being higher than dose-matched 
EU-Neulasta in some animal studies, while similar exposures to the drugs were 
observed in other animal studies.  From the perspective of nonclinical pharmacology 
and toxicology, there are no residual uncertainties regarding the similarity of LA-EP2006 
to EU-Neulasta, in terms of PD and safety. The lack of a clear explanation for what may 
be causing the higher exposures to LA-EP2006 with respect to dose-matched EU-
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Neulasta in some animal studies at less than clinically relevant dose levels leaves 
residual uncertainty as to the true similarity of the products.

1.2 Brief Discussion of Nonclinical Findings
The nonclinical data submitted to the BLA provided evidence that LA-EP2006 is similar 
to EU-approved Neulasta, in terms of PD characteristics and safety.

The PK/PD studies (LA-EP2006-004 and LA-EP2006-008) examined the hematological 
response and systemic exposure in naïve and neutropenic Wistar rats and in 
neutropenic CD rats, respectively, for 10 to 15 days following administration of either 
LA-EP2006 or EU-Neulasta on Day 1. In naïve Wistar rats, LA-EP2006 and EU-
Neulasta given as single doses of 50, 100, 200 or 500 mcg/kg elicited similar sustained 
dose-related increases in absolute neutrophil counts (ANC) from Days 2 to 5. In 
neutropenic rats, both LA-EP2006 and EU-Neulasta elicited similar biphasic increases 
in ANC with two peak responses. In 5-Fluorouracil-induced neutropenic Wistar rats
administered with a single dose of 50, 100, 200 or 500 mcg/kg, the two peak responses 
occurred on Days 2 and 12 with lower values between these days.  However, the 
increases in ANC were not dose-related.  In cyclophosphamide-induced neutropenic CD 
rats administered with a single dose of 4, 14, 140 or 700 mcg/kg, the two peak 
responses occurred on Days 2 and 5 with lower values on Days 3 and 4 and 
corresponding dose-related increases in ANC. The 700 mcg/kg dose in rats is the 
human equivalent dose (HED) based on a 60 kg human receiving a flat dose of 6 mg.
Assessment of PD responses after a single subcutaneous administration was based on 
AUEC and Emax ratios of LA-EP2006/EU-Neulasta and graphical comparisons of mean 
ANC-time plots displaying either the 90% confidence intervals (CI) or the standard error 
of the mean (SEM). In general, the similarity of LA-EP2006 to EU-Neulasta in terms of 
PD was established.  See Section 11 Integrated Summary and Safety Evaluation for 
discussion of results. 

Two 4-week repeated-dose toxicity/TK studies (LA-EP2006-003 and LA-EP2006-006) 
with 4-week recovery periods were conducted in Wistar and CD rats, respectively.  In 
both studies, dosing regimens were more intensive than the clinical regimen (in dose or 
frequency) of once per chemotherapy cycle (usually q3w). 

In study LA-EP2006-003 with naïve Wistar rats, comparative doses were 100 mcg/kg 
and 1000 mcg/kg q2d with an additional dose of LA-EP2006 at 500 mcg/kg q2d. The 
initial duration of treatment was 4 weeks; however, due to occurrence of severe clinical 
signs, treatment was stopped and male and female Wistar rats were sacrificed after 5 
and 8 doses, respectively. Both drugs had similar toxicity profiles. Dose- and time-
related increases in white blood cells, notably ANC, were observed in males and 

-EP206 or EU-Neulasta that corresponded with 
activation of hematopoiesis/granulocytopoiesis in the bone marrow, spleen, liver, 
adrenal glands and lungs. The onset of clinical signs was similar for both LA-EP2006 
and EU-Neulasta groups. Clinical signs included abnormal gait, especially dragging of 
the hindlegs; the testes (males), hindlegs and/or ankle joints were reddened and 
swollen.  These clinical signs corresponded with microscopic findings of myelofibrosis 
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and osteomyelitis noted in the ossification area of femur, tibia, and bones of the ankle 
joints at all dose levels. Other noteworthy findings were similar between LA-EP206 and 
EU-Neulasta and included marked increases in plasma activities of alkaline 
phosphatase, gamma-glutamyltransferase, aspartate transaminase, and creatine kinase 
as well as enlarged spleen that corresponded with marked increase in spleen relative 
and absolute organ weight, reduced absolute and relative heart weight, and reduced 
seminal vesicles weight ratio in male rats that corresponded with atrophy in seminal 

Most findings had completely or almost 
completely reversed after four weeks of recovery. Anti-Pegfilgrastim antibodies could 
be detected in one 100 mcg/kg/q2d LA-EP2006 female from Day 25 (12 days after the 
7th dose) and one 1000 mcg/kg/q2d EU-Neulasta male during the recovery phase.

In study LA-EP2006-006 with naïve CD rats, comparative doses were 50, 100, and 200 
mcg/kg q2d 4-w, 100 mcg/kg q2d 2-w, and 1000 mcg/kg q1w 5-w. Both drugs had 
similar toxicity profiles. Dose- and time-related increases in white blood cells, notably 
ANC, were observed in males and females treated with 50 mcg/kg LA-EP206 or EU-
Neulasta. This pharmacodynamic response corresponded with activation of 
hematopoiesis/ granulocytopoiesis in the bone marrow, spleen, liver, adrenal glands
and lungs observed in rats treated at 200 mcg/kg q2d 4-w and at 1000 mcg/kg q1w 5-w.
Additionally, dose-related and similar incidence and severity were noted in clinical signs 
of swollen ankle joints and/or feet that corresponded with microscopic findings of 
edema, inflammation of soft tissue, destruction of joint, arthritis and bone destruction 
and fibro-osseous proliferation in the ankle joints and feet. Other noteworthy findings 
were similar between LA-EP206 and EU-Neulasta and included marked increases in 
plasma activities of alkaline phosphatase and gamma-glutamyltransferase, as well as 
enlarged spleen that corresponded with marked increase in spleen relative and absolute 
organ weight. All above mentioned treatment-related findings were not observed after 
the 4-week recovery period except for enlarged spleen.  Immunogenicity evaluation 
showed that a lower number of rats treated with LA-EP2006 (28) compared to EU-
Neulasta (42) tested positive for antibodies against Pegfilgrastim. 

Local tolerance of LAEP2006 and EU-Neulasta was conducted in PK/PD and toxicity/TK 
studies to assess for potential erythema, edema, hematomas, pain reactions, gross 
pathology, and histopathology following administration via the SC and intramuscular 
routes. No definitive drug-related changes occurred.

Assessment of systemic exposure after a single subcutaneous administration was 
based on AUC and Cmax ratios of LA-EP2006/EU-Neulasta and graphical comparisons
of mean serum concentrations-time plots displaying either the 90% confidence intervals 
(CI) or the standard error of the mean (SEM).  Serum concentrations increases were 
dose-related in all animal models.  In naïve Wistar rats, similar exposure for LA-EP2006 
and EU-Neulasta occurred at 50, 200 and 500 mcg/kg (AUC ratios of 0.92, 0.94, and 
1.03, respectively) but higher exposure for LA-EP2006 occurred at 100 mcg/kg (AUC 
ratio of 1.73).  In neutropenic Wistar rats, similar exposure for LA-EP2006 and EU-
Neulasta occurred at 50 and 100 mcg/kg (AUC ratios of 0.93 and 0.9, respectively) but 
relatively higher exposure for LA-EP2006 occurred at 200 mcg/kg (AUC ratio of 1.19) 

Reference ID: 3937562



BLA # 761045 Pedro L. Del Valle, PhD

9

and a trend for relatively higher exposure at 500 mcg/kg (AUC ratio of 1.13). In 
neutropenic CD rats, similar exposure for LA-EP2006 and EU-Neulasta was achieved at 
140 and 500 mcg/kg (AUC ratios of 1.01 and 0.95, respectively) but relatively higher 
exposure for LA-EP2006 occurred at 4 mcg/kg (AUC ratio of 1.2) and a trend for 
relatively higher exposure at 14 mcg/kg (AUC ratio of 1.13). 

Assessment of systemic exposure after repeat subcutaneous administration with 
different dosing regimens was based on AUC and Cmax ratios of LA-EP2006/EU-
Neulasta.  In naïve Wistar rats, similar exposure for LA-EP2006 and EU-Neulasta 
occurred after the first dose at 100 and 1000 mcg/kg (AUC ratios of 0.99 and 1.0, 
respectively).  Systemic exposure after 5 doses in males or 8 doses in females are not 
considered for evaluation here because animals were scheduled for early sacrifice 
based on the severity of clinical signs.  In naïve CD rats, similar exposure for LA-
EP2006 and EU-Neulasta was achieved at 50, 100, 200 and 1000 mcg/kg.  Similar
exposure after repeat-dose was achieved at 100 mcg/kg q2d 2-w (AUC ratio of 0.98) 
and at 1000 mcg/kg q1w 5-w (AUC ratio of 1.0) but moderately to markedly higher 
exposure for LA-EP2006 occurred at 50, 100, and 200 mcg/kg q2d 2-w (AUC ratios of 
1.46, 1.42, and 1.34, respectively). See Section 11 Integrated Summary and Safety 
Evaluation for discussion of results. 

An embryo-fetal development study was conducted in rabbits using the subcutaneous 
route of administration on gestation days (GD) 6, 8, 10, 12, 14, 16 and 18 at 2, 5, 50 or 
100 mcg/kg.  Dose- and time-related increases in ANC occurred on GD 6 to 24. 
Increases in exposure were dose-proportional from 2 to 5 mcg/kg but less than dose-
proportional from 5 to 100 mcg/kg. Local tolerance was unremarkable. High post-
implantation loss, number of resorptions and reduced number of viable fetuses occurred 

malformations malrotated forepaws, omphalocele, cleft palate and subcutaneous 
edema occurred -related increases in 
fetal and/or litter incidences of skeletal variations missing ossification for distinct areas 
of the skull (frontal, parietal, interparietal and/or supraoccipital region) and fusions of the 
sternebra and the rib(s) and total skeletal variations occurred at 50 mcg/kg.  Maternal 
and fetal NOAEL were defined at 5 mcg/kg LA-EP2006 that corresponds to 1/75 fraction 
of the HED. Findings of embryotoxicity and maternal toxicity with increased pregnancy 
loss are comparable to the label of US-licensed Neulasta.

1.3 Recommendations
1.3.1 Approvability
Approvable.  From the Pharmacology/Toxicology perspective there are no residual 
uncertainties regarding the PD and safety similarity of LA-EP2006 to EU-Neulasta. The 
lack of a clear explanation for what may be causing the higher exposures to LA-EP2006 
with respect to dose-matched EU-Neulasta in some animal studies at less than clinically 
relevant dose levels leaves residual uncertainty as to the true similarity of the products.
While this is not an approvability issue from the perspective of pharmacology/toxicology, 
it is an observation that warrants mentioning and further study to determine causality 
would be worthwhile to the Applicant.
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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 US-licensed Neulasta.

2 Drug Information
2.1 Drug
CAS Registry Number
208265-92-3

Generic Name
Pegfilgrastim

Code Name
LA-EP2006
PEG-Filgrastim
PEGylated rh G-CSF
PEGylated Granulocyte Colony Stimulating Factor
PEGylated recombinant human G-CSF

Chemical Name
Granulocyte colony-stimulating factor precursor; Colony-stimulating factor (human), 3-
hydroxypropyl-N-methionyl-, 1-ether with a-methyl-w-hydroxypoly (oxy-1,2-ethanediyl)

Molecular Formula (PEG + Amino Acid Sequence of filgrastim)
CH3O(CH2CH2O)n-CH2CH2CH2- NH of methionine (1)

Met-Thr-Pro-Leu-Gly-Pro-Ala-Ser-Ser-Leu- 10

Pro-Gln-Ser-Phe-Leu-Leu-Lys-Cys-Leu-Glu- 20

Gln-Val-Arg-Lys-Ile-Gln-Gly-Asp-Gly-Ala- 30

Ala-Leu-Gln-Glu-Lys-Leu-Cys-Ala-Thr-Tyr- 40

Lys-Leu-Cys-His-Pro-Glu-Glu-Leu-Val-Leu- 50

Leu-Gly-His-Ser-Leu-Gly-Ile-Pro-Trp-Ala- 60

Pro-Leu-Ser-Ser-Cys-Pro-Ser-Gln-Ala-Leu- 70

Gln-Leu-Ala-Gly-Cys-Leu-Ser-Gln-Leu-His- 80

Ser-Gly-Leu-Phe-Leu-Tyr-Gln-Gly-Leu-Leu- 90

Gln-Ala-Leu-Glu-Gly-Ile-Ser-Pro-Glu-Leu- 100

Gly-Pro-Thr-Leu-Asp-Thr-Leu-Gln-Leu-Asp- 110

Val-Ala-Asp-Phe-Ala-Thr-Thr-Ile-Trp-Gln- 120

Gln-Met-Glu-Glu-Leu-Gly-Met-Ala-Pro-Ala- 130

Leu-Gln-Pro-Thr-Gln-Gly-Ala-Met-Pro-Ala- 140
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Phe-Ala-Ser-Ala-Phe-Gln-Arg-Arg-Ala-Gly- 150

Gly-Val-Leu-Val-Ala-Ser-His-Leu-Gln-Ser- 160

Phe-Leu-Glu-Val-Ser-Tyr-Arg-Val-Leu-Arg- 170

His-Leu-Ala-Gln-Pro- 175
where n is approx. 477

Molecular Weight
Approximately 40 kDa

Structure or Biochemical Description
LA-EP2006 is a PEGylated filgrastim product, which is a covalent conjugate of 
recombinant human Granulocyte-Colony Stimulating Factor (r-met-HuG-CSF, filgrastim) 
with a single 20 kDa polyethylene glycol (PEG).

EP2006/filgrastim is an E. coli-derived rhG-CSF with an additional N-terminal 
methionine and compared to the native human form with the lack of an O-glycosylation 
at Thr133. It consists of 175 amino acids; the N-terminus is linked covalently with alpha-
methyl-omega (3-oxopropoxy), polyethylene.  The protein molecule contains 5 Cys-
residues that build 2 disulfide linkages (Cys37-Cys43 and Cys65-Cys75), Cys18 is not 
cross-linked.

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

2.2 Relevant INDs, NDAs, BLAs and DMFs
PIND and BPD 109743 (LA-EP2006); BLA 125031

2.3 Drug Formulation
LA-EP2006 6 mg/0.6 mL solution for injection is a sterile, clear and colorless solution 
comprising pegfilgrastim as active ingredient.  The solution is provided in pre-filled 
syringes (colorless glass barrel with fixed needle) closed with a rubber stopper and is 
intended for single subcutaneous administration.  There are no accompanying 
reconstitution diluents. See Table 1 for composition of LA-EP2006 6 mg/0.6 mL solution 
for injection. Sandoz compared the composition of their products side-by-side with EU-
approved Neulasta, see Table 2
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Table 1 Composition of LA-EP2006 – 6 mg/0.6 mL solution for injection
(Excerpted from Applicant’s Submission)

Table 2 Side-by-side Comparison of LA-EP2006 and EU-approved Neulasta
(Excerpted from Applicant’s Submission)

2.4 Comments on Novel Excipients
None; the excipients used are all compendial.

2.5 Comments on Impurities/Degradants of Concern

The Quality Product Team requested a justification for the proposed LA-EP2006 drug 

the levels based on the toxicological assessment for present in drug product:
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“As a process related impurity cannot increase during storage and its presence 
is specific to DS production process. According to ICH Q3C guideline for impurities a 
subcutaneous permitted exposure was calculated based on available rat and monkey 
toxicity studies. The permitted exposure calculated on the rat study is mcg/dose and 
on monkey mcg/dose. To ensure tighter control the limit of mcg/dose was used to 
calculate maximal concentration of in LA-EP2006 DP. From a toxicological 

dosage of mL LA-EP2006 DP.”

The TBBS considered that “Because is a process-related impurity, it would be 
considered a clinically inactive component of LA-EP2006.  The BPCI Act permits minor 
differences in clinically inactive components between a biosimilar and its reference 
product.  There is no requirement that Sandoz limit the level of to that of US-
licensed Neulasta if you consider the difference between levels of in the two 
products to be minor (i.e., there is no safety concern with the specification of 
mcg/ml).”

 process-related impurity is considered qualified as it is present in all LA-
EP2006 lots used for nonclinical and clinical studies.  There are no other concerns 
regarding impurities in the DS or DP.

2.6 Proposed Clinical Population and Dosing Regimen
Sandoz proposes clinical populations and dosing regimens that are consistent with 
current US-licensed Neulasta labeling. See approved US-licensed Neulasta label for 
more detailed information.

2.7 Regulatory Background
BLA 761045 was submitted on August 27, 2015 for the biologic product LA-EP2006 
under Section 351(k) of the Public Health Service Act (42 U.S.C. 262(k)).  A pre-IND 
meeting was held on January 13, 2011 to discuss the U.S. development program for 
LA-EP2006 under section 351(a) of the PHS Act. Sandoz indicated that they did not 
intend to seek licensure through the new biosimilar pathway under Section 351(k) of the 
PHS Act. However, Sandoz requested a Biosimilar Biological Product Development 
(BPD) Type 3 meeting on June 16, 2014 to discuss the submission of LA-EP2006 as a 
proposed biosimilar to US-licensed Neulasta under Section 351(k) of the Public Health 
Service Act (PHS Act).  The BPD meeting was held on October 15, 2014.  

Sandoz is seeking approval for LA-EP2006 as a proposed biosimilar product to the 
single reference biologic product US-licensed Neulasta. To fulfill the nonclinical
requirements for a biosimilar BLA, Sandoz submitted a total of nine in vivo PK/PD 
studies; four studies were conducted in neutropenic rats; one in naïve rats; three in 
rabbits; and one in dogs. In addition, Sandoz submitted four toxicology studies; one 
exploratory study in CD rats; two comparative 4-week toxicity/TK studies, one in Wistar 
rats and one in CD rats with 4-week recovery periods; and an embryo-fetal 
developmental study in rabbits. 
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Sandoz asserts that bridging to US-licensed Neulasta was established at the 
physiochemical level, justifying the relevance of the nonclinical studies conducted with
EU-approved Neulasta. An Application Orientation Meeting was held on September 28, 
2015.

3 Studies Submitted
3.1 Studies Reviewed 

Study#
Title Module

Pharmacokinetics
LA-

EP06-
008

Comparative single dose PK/PD study of LA-EP2006 (pegfilgrastim) vs Neulasta 
(EU-registered) in adult male neutropenic CD rats (GLP) 4.2.2.2

LA-
EP06-
004

Comparative parallel single dose pharmacokinetic and pharmacodynamic study in 
Neutropenia-induced Wistar Rats including the assessment of local tolerance 
(GLP)

4.2.2.2

General Toxicology

LA-
EP06-
006

Placebo-controlled comparative 4-week repeated dose toxicity study of five 
different regimens of LA-EP2006 (pegfilgrastim) and Neulasta® (EU-registered) 
with and without recovery period in adult male and female CD® rats, including the 
assessment of toxicokinetics and Immunogenicity - Multi-site Study (GLP)

4.2.3.2

LA-
EP06-
003

Comparative parallel group 4-week repeated dose toxicity study followed by a 4-
week recovery period on different subcutaneous doses of LA-EP2006 and
Neulasta® including the assessment of toxicokinetics and immunogenicity in
satellite animals (GLP)

4.2.3.2

LA-
EP06-
011

Effects of LA-EP2006 on embryo-fetal development in rabbits following
subcutaneous injection (GLP) 4.2.3.5

3.2 Studies Not Reviewed 

Study#
Title Module

Analytical Methods
LA-EP06-
Val 001-R

Validation Report: Determination of serum level of 5 new long-acting G-CSF 
preparations and Neulasta® in Rabbit serum by ELISA (Non-GLP) 4.2.2.1

BA08007-R Validation Report: Determination of the concentration of LA-rhG-CSF in beagle 
serum (GLP) 4.2.2.1

BA09012-R Validation Report Determination of the concentration of LA-rhG-CSF in serum
samples of rats by ELISA (GLP) 4.2.2.1

BA09014-R Validation Report Determination of anti-Pegfilgrastim antibodies in Wistar rat
serum samples by ELISA (GLP) 4.2.2.1

Pharmacokinetics

LA-EP06-
001

Pharmacodynamic and Pharmacokinetic study of different formulations of 
Sandoz Hes-Filgrastim and Sandoz-Pegfilgrastim compared to Neulasta 
following single subcutaneous administration to rabbits (Non-GLP)

4.2.2.2

LA-EP06-
002

Pharmacodynamic and Pharmacokinetic study of two LA-EP2006 formulations 
compared to Neulasta following single subcutaneous administration to beagle 
dogs (parallel design) (GLP)

4.2.2.2
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LA-EP06-
007

Exploratory evaluation of the PK-/PD pattern of different doses of LA-EP2006 
(pegfilgrastim) following a single dose administration in neutropenic rats (GLP) 4.2.2.2

LA-EP06-
009

Pilot PK/PD Study in Rabbits Following Single Administration of
LA-EP2006 or Neulasta® (Non-GLP) 4.2.2.2

LA-EP06-
010

Comparative Pharmacodynamics/Pharmacokinetics study in rabbits following 
single subcutaneous administration of Neulasta, Phase I and Phase III lot of 
LA-EP2006, Neupogen Pegylated using LA-EP2006 process and bi-Pegylated 
LA-EP2006 product variant (GLP)

4.2.2.2

LA-EP06-
012

Comparative Pharmacokinetic / Pharmacodynamic Study in Wistar Rats with 
5-Fluoro-Uracil-Induced Neutropenia after a Single Subcutaneous Injection of
100, 200, 500 or 1000 mcg/kg LA-EP2006 or Neulasta (GLP)

4.2.2.2

LA-EP06-
013

Pharmacokinetic/Pharmacodynamic Study in Rats after Multiple Subcutaneous 
Injections of 100 and 200 mcg/kg LA-EP2006 or Neulasta® (GLP) 4.2.2.2

General Toxicology

LA-EP06-
005

Exploratory evaluation of the 2-week and 4-week toxicity of different dosing 
regimens of LA-EP2006 (Pegfilgrastim) and determination of NOAEL in CD 
rats (GLP)

4.2.3.2

3.3 Previous Reviews Referenced
None

4 Pharmacology
4.1 Primary Pharmacology
No studies were submitted for review.

4.2 Secondary Pharmacology
No studies were submitted for review.

4.3 Safety Pharmacology
Not applicable.

5 Pharmacokinetics/ADME/Toxicokinetics
5.1 PK/ADME
Study # LA-EP06-008 title: Comparative single dose PK/PD study of LA-EP2006
(Pegfilgrastim) vs Neulasta (EU-registered) in adult male neutropenic CD rats

Key Study Findings
Pharmacodynamic responses were dose-related for both LA-EP2006 and EU-
Neulasta in neutropenic CD rats.
Estimated AUCEC values were similar at 4 mcg/kg; AUCEC values were 18% 
and 14% lower for LA-EP2006 at 14 mcg/kg and 140 or 700 mcg/kg.
Estimated Emax values for LA-EP2006 were variable and ranged from 16% higher 
at the lowest dose of 4 mcg/kg to 15% lower at the highest dose tested of 700 
mcg/kg.
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Graphical comparison of mean ANC-time curves (±SEM) at each dose level
show the close similarity of pharmacodynamic responses to LA-EP2006 
compared to EU-Neulasta at doses ranging from 4 mcg/kg to the HED of 700 
mcg/kg.
Exposure to LA-EP2006 compared to EU-Neulasta, as measured by AUC and 
Cmax ratios, was relatively higher at the low dose level of 4 mcg/kg with a trend for 
relatively higher ratio at 14 mcg/kg and similar at doses of 140 or 700 mcg/kg.
High inter-animal variability occurred at the low dose levels.
Graphical comparisons of the concentration-time curves with 90%CI at each 
dose level show the close similarity of filgrastim clearance from serum for both 
LA-EP2006 and EU-Neulasta at doses ranging from 4 mcg/kg to the HED of 700 
mcg/kg.

Summary
Sandoz submitted a GLP comparative single dose PK/PD study of LA-EP2006 (batch 
30114715) and EU-approved Neulasta (batch 1016759) in neutropenic rats (Study LA-
EP2006-008). Dose formulation analysis was not GLP-compliant.

Male CD rats (352 rats) were randomly allocated to 9 parallel groups (32 or 48 
rats/group).  Four different doses of LA-EP2006 and EU-Neulasta were used: 4, 14, 140 
and 700 mcg/kg that correspond to 1/154, 1/43.5, 1/14.4 and 1.0 fraction of the human 
equivalent dose based on a 60 kg human receiving a flat dose of 6 mg.  Neutropenia 
was induced by chemotherapy using a single intraperitoneal dose of 50 mg/kg 
cyclophosphamide (CPA) on Day -1.  The vehicle control, LA-EP2006 and EU-Neulasta 
were administered by SC injection in the back once on Day 1.

Blood was collected from the retrobulbar venous plexus under light ether anesthesia on 
Days -4 before CPA treatment and on Day 1 at 0, 6, 12, 15, 18, 24 hours and daily until 
Day 7 (Groups receiving LA-EP2006 or EU-Neulasta doses of 4 or 14 mcg/kg) or Day 
11 (Groups receiving placebo, LA-EP2006 or EU-Neulasta doses of 140 or 700 
mcg/kg). PD assessment included evaluation of white blood cells –WBC- (total 
leucocyte count and differential leucocyte count including granulocytes [neutrophils, 
eosinophils, and basophils], lymphocytes, monocytes, and large unstained cells).
Hematological evaluations on the day of sacrifice Day 7 or 11 included red blood cell 
parameters, WBC and platelets. Additional evaluations included in-life examinations 
(local tolerance, mortality, clinical signs and body weight), clinical chemistry parameters 
and serum level of pegfilgrastim for TK analysis.

All rats survived until study termination on Day 7 or 11.  Two unscheduled deaths 
related to blood collection procedures occurred early in the study. No injection site 
findings (local tolerance), clinical signs or body weight changes were observed in any of 
the animals. 
Pharmacodynamics in Neutropenic CD Rats
Neutropenia-induced rats in the control group showed a continued decrease of ANC 
after administration of CPA until Day 5 (120 hours) with levels rebounding thereafter. 
Mean ANC values for this group was not provided in the report. The number of WBC 
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decreased after treatment with CPA and increased after administration of LA-EP2006 or 
EU-Neulasta.  A dose-response was observed.  The significant increase in WBC was 
mainly produced by the marked increase in ANC which was accompanied with 
increases in the number of lymphocytes, monocytes, eosinophilic granulocytes, large 
unstained cells and basophilic granulocytes compared to the control.

The PD response to pegfilgrastim administration in neutropenic CD rats is split into an 
early and a late response.  The early ANC increase had a peak around 24 hours with 
subsequent decrease that lasted for 2 days, see Figures 1-4.  The late peak started at 
about 96 hours after dosing and was evident at doses of 140 mcg/kg for both LA-
EP2006 and EU-Neulasta. On the day of sacrifice (Day 7 or Day 11), WBC, especially 
ANC, were still increased -EP2006 and EU-
Neulasta. PD responses were similar for both products.  The number of H-reticulocytes 
(mature) was increased at all dose levels. No LA-EP2006- or EU-Neulasta -related 
effects on other hematological parameters occurred by Day 7 or 11.

Figure 1 Changes in ANC at doses of 4 mcg/kg in Neutropenic CD Rats
(Excerpted from Applicant’s Submission)
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Figure 2 Changes in ANC at doses of 14 mcg/kg in Neutropenic CD Rats
(Excerpted from Applicant’s Submission)

Figure 3 Changes in ANC at doses of 140 mcg/kg in Neutropenic CD Rats
(Excerpted from Applicant’s Submission)
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Figure 4 Changes in ANC at doses of 700 mcg/kg (HED) in Neutropenic CD
Rats

(Excerpted from Applicant’s Submission)

Table 3 presents a summary of estimated PD parameters and Table 4 presents the 
ratios of PD parameters. Figure 5 and Figure 6 present the dose-response for the ANC.  
Both LA-EP2006 and EU-Neulasta elicited a clear dose-response as measured in ANC.  
Estimated AUEC values for LA-EP2006 and EU-Neulasta at 4 mcg/kg were similar; 
AUEC values for LA-EP2006 at 14 mcg/kg and 140 or 700 mcg/kg were 14,
respectively. Sandoz stated that confidence intervals at 90% could not be calculated 
because of the limited amount of blood sample for analysis of replicates. Based on 
graphical comparison of mean ANC-time curves at each dose level (Figures 1-4), 
pharmacodynamic responses to LA-EP2006 compared to EU-Neulasta are considered 
similar at doses ranging from 4 mcg/kg to the HED of 700 mcg/kg.

The results for Emax were variable for LA-EP2006, higher ( 16%) at the lowest dose of 4 
mcg/kg to lower ( 15%) at the highest dose tested of 700 mcg/kg, which is the clinical 
relevant dose. The data for the neutropenic rats are largely influenced by the effects of 
the chemotherapy (cyclophosphamide) so that any observed differences in AUEC and 
Emax between the products cannot unambiguously be attributed to the pegfilgrastim 
treatment.
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Table 3 Pharmacodynamic Parameters in Neutropenic CD Rats
(Excerpted from Applicant’s Submission)

Table 4 Ratios of Pharmacodynamic Parameters in Neutropenic CD Rats
(Excerpted from Applicant’s Submission)

Reference ID: 3937562



BLA # 761045 Pedro L. Del Valle, PhD

21

Figure 5 Dose-Response –AUEC– in Neutropenic CD Rats
(Excerpted from Applicant’s Submission)

Figure 6 Dose-Response –Emax– in Neutropenic CD Rats
(Excerpted from Applicant’s Submission)
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Clinical Chemistry
LA-EP2006 and EU-Neulasta-related changes in clinical chemistry parameters included
varied increases in plasma activities of gamma-glutamyl transferase (GGT) and/or 
lactate dehydrogenase (LDH), see Table 5. Higher increases in GGT activities occurred 
in EU-Neulasta groups and higher increases in LDH occurred in LA-EP2006 treated 
groups especially at 140 mcg/kg.

Table 5 Changes in Clinical Chemistry Parameters Compared to Control 
Values

(Excerpted from Applicant’s Submission)

Pharmacokinetics in Neutropenic CD Rats
Pharmacokinetic analysis showed relatively higher exposure to LA-EP2006 when 
compared to EU-Neulasta at the low dose level of 4 mcg/kg.  A trend for relatively 
higher exposure was observed at 14 mcg/kg but similar exposures to LA-EP2006 and 
EU-Neulasta were achieved at higher doses from 140 mcg/kg to the clinically relevant 
dose of 700 mcg/kg, see Table 6. Due to the receptor mediated clearance of 
pegfilgrastim, the AUC results for LA-EP2006 and EU-Neulasta were generally higher at 
the higher doses.

Ratios of LA-EP2006 over EU-Neulasta for AUC and Cmax reflect the estimated mean 
PK parameter values.  Values above the unit reflect higher exposure for LA-EP2006 
compared to EU-Neulasta.  Exposure was similar at higher doses from 140 mcg/kg to 
the clinically relevant dose of 700 mcg/kg, see Table 7.
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Table 6 Pharmacokinetics in Neutropenic CD Rats following a Single Dose of 
LA-EP2006 or EU Neulasta

(Excerpted from Applicant’s Submission)

Table 7 Ratios of LA-EP2006 / EU-Neulasta for PK Parameters in Neutropenic 
CD Rats 

(Excerpted from Applicant’s Submission)
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Figure 7 Dose-AUC Profile in Neutropenic CD Rats
(Excerpted from Applicant’s Submission)

Figure 8 Dose-Cmax Profile in Neutropenic CD Rats
(Excerpted from Applicant’s Submission)
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The Study Director for this PK/PD study reported that a higher degree of variability was 
observed in the measured concentrations at lower doses compared to the higher doses. 
No apparent deviations in the final formulations were reported which could explain the 
relatively higher PK profiles following administration of 4 or 14 mcg/kg LA-EP2006, see 
Table 8.

An information request sent on May 5, 2016 requested the means with standard 
deviations and 90% confidence intervals for all PK/PD parameters calculated. Sandoz
provided the mean serum concentrations and the mean ANC with 90% CI calculated for 
each time point and explained the basis for not calculating AUCs or AUECs confidence 
intervals:

“The serum volume required for analysis and potential replicate was too high and the 
time course of the response was too long to completely and densely monitor the time
course of the response in each individual reliably while in addition not risking 
interference between the monitoring and the study endpoint. Consequently, it was not 
possible to derive meaningful AUCs or AUECs for each individual or the 5 subgroup of 
individuals, which would have been the prerequisite to calculate respective CIs for these 
endpoints.”

Based on the mean serum concentrations with 90% CI calculated for each time point, 
the following charts illustrate the close similarity of the concentration-time curves of LA-
EP2006 compared to EU-Neulasta at 4, 14, 140 and 700 mcg/kg.

Figure 9 Concentration-Time Curves with 90% Confidence Intervals
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Dose Formulation Analysis
Two samples of 250 mcL were taken on the dosing day for each dose formulations; one
sample was taken from the fresh dose formulation prior to dosing the first animal and 
the second sample directly after dosing the last animal with the same dose formulation.
Samples were frozen at -20 ± 5°C and analyzed right after the end of the in-life period. 
A validated ELISA method (BA09012) for determination of pegfilgrastim in serum from 
rats is referenced as the analytical method used for dose formulation analysis. No 
validation or acceptance criteria for pegfilgrastim in formulation buffer were included in 
the report.  Dose formulation analysis was not performed under GLP. Table 8 shows 
the dose formulations were within the ± 10% except for the LA-EP2006 140 mcg/mL 
dose level.  

Table 8 Dose Formulation Analysis

Product
Nominal 
Content 

(mcg/mL)

Before 
Dosing

After 
Dosing

Before 
Dosing

After 
Dosing

Mean 
Actual 

Content 
(mcg/mL)

Standard 
Deviation

LA-EP2006 40 39 38 40 40 39.25 2.75
LA-EP2006 140 132 138 136 138 136 24
LA-EP2006 700 705 711 705 702 705.75 42.75
EU-Neulasta 40 38 37 38 38 37.75 0.75
EU-Neulasta 140 133 134 137 136 135 10
EU-Neulasta 700 688 689 696 695 692 50
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Study # LA-EP06-004 title: Comparative parallel single dose pharmacokinetic and 
pharmacodynamic study in Neutropenia-induced Wistar Rats including the 
assessment of local tolerance

Key Study Findings
Pharmacodynamic responses were dose-related for both LA-EP2006 and EU-
Neulasta in naïve Wistar rats but the responses did not show any clear 
differences between the doses in neutropenic Wistar rats.
Estimated AUCEC values were similar at all dose levels of LA-EP2006 and EU-
Neulasta in naïve and neutropenic Wistar rats. Estimated Emax values were 
variable for both drug products.  
Pharmacodynamic responses for both LA-EP2006 and EU-Neulasta are 
considered similar at doses ranging from 50 mcg/kg to 500 mcg/kg in naïve and 
neutropenic Wistar rats.
Exposure to LA-EP2006 compared to EU-Neulasta in naïve Wistar rats, as 
measured by AUC and Cmax ratios, were similar at all doses except for higher 
ratios at LA-EP2006 100 mcg/kg dose level.
Exposure to LA-EP2006 compared to EU-Neulasta in neutropenic Wistar rats, as 
measured by AUC and Cmax, were similar at 50 and 100 mcg/kg but ratios were
relatively higher at LA-EP2006 200 mcg/kg dose level and a trend for relatively 
higher exposure at 500 mcg/kg.

Summary
Sandoz submitted a GLP comparative single dose PK/PD study of LA-EP2006 (batch 
0926 180) and EU-approved Neulasta (batch 1012219) in neutropenic Wistar rats 
(Study LA-EP2006-004). The Analytical contributor report detailing the statistical 
analysis for the PD/PK responses was amended twice.  Results described here reflect 
the final version of Amendment 2.

Male Wistar rats (405 rats) were randomly allocated to 18 parallel groups; 9 groups of 
25 neutropenic rats and 9 groups of 20 naïve rats.  Four different doses of LA-EP2006 
and EU-approved Neulasta were used: 50, 100, 200 and 500 mcg/kg that correspond to 
1/12.4, 1/6.2, 1/3.1 and 1/1.2 fraction of the human equivalent dose based on a 60 kg 
human receiving a flat dose of 6 mg.  Neutropenia was induced by chemotherapy using 
a single intraperitoneal dose of 125 mg/kg 5-Fluorouracil (5-FU) on Day -1.  The 
placebo, LA-EP2006 and EU-approved Neulasta were administered by SC injection in 
the back once on Day 1.  Local tolerance of LAEP2006 was compared with EU-
Neulasta after subcutaneous or intramuscular administration.

Blood was collected from the retrobulbar venous plexus following isoflurane anesthesia
for both neutropenic and naïve Wistar rats.  For neutropenic rats, blood was collected at 
24 hours before 5- FU treatment and on Day 1 at 0, 6, 9, 12, 15, 17, 24 hours and on
Days 2, 3, 4, 5, 7, 9, 12 and 15. For naïve rats, blood was collected on Day 1 at 0, 6, 9, 
12, 15, 17, 24 hours and on Days 2, 3, 4, 5, 7, 9, 12 and 15. An additional blood 
collection was conducted on Day 16 for binding antibody determination but results were 
not included in the report.  PD assessment included evaluation of white blood cells –
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WBC- (total leucocyte count and differential leucocyte count including granulocytes 
[neutrophils, eosinophils, and basophils], lymphocytes, monocytes, and large unstained 
cells).  Additional evaluations included in-life examinations (local tolerance, mortality, 
clinical signs and body weight), clinical chemistry parameters and serum level of 
pegfilgrastim for PK analysis.

All rats survived to terminal sacrifice except for three neutropenic rats: one from the 
control group, one from the LA-EP2006 50 mcg/kg group and one from the EU-Neulasta 
200 mcg/kg group. These deaths were not related to administration of the vehicle or test 
article.  

Clinical signs in neutropenic Wistar rats receiving the vehicle control wide varied, and 
included alterations in skin and fur (i.e. hair loss, paleness, swelling of face, neck and 
snout, neck nodules, ruffled fur, scabbed wounds, nose ulcers and cyanosis), posture 
and motility (i.e. prostration or decreased motor activity, abnormal gait and hunched 
back), and others (i.e. chromodacryorrhea).  Clinical signs present in neutropenic rats 
receiving LA-EP2006 or EU-Neulasta were not dose-related and included paleness and 
hair loss, but only a few rats presented other sorts of alterations compared with those 
observed in animals having received the vehicle alone. 

Body weight fluctuations representing less than 10% were observed in naïve and 
neutropenic rats from all groups.  No injection site findings (local tolerance) were 
observed after subcutaneous or intramuscular administration of LA-EP2006 or EU-
Neulasta in any of the animals.

Pharmacodynamics in Neutropenic Wister Rats
Neutropenia-induced rats in the control group showed a continued decrease of ANC 
from mean values of 1.64 ± 0.27 x 109 cells/L before administration of 5-FU to 0.04 ± 
0.05 x 109 cells/L on Day 5 (120 hours). ANC values started to recover and reached 
baseline levels of approximately 1.94 ± 0.79 x 109 cells/L by Day 12 (288 hours). By the 
end of the study on Day 15 (360 hours), mean ANC values were higher compared to the 
mean baseline levels (4.60 ± 1.86 x 109 cells/L vs. 1.64 ± 0.27 x 109 cells/L). 

The PD response to pegfilgrastim administration in neutropenic Wistar rats showed the 
typical split into an early and a late response.  The early ANC increase had a peak 
around 24 hours with subsequent decrease that lasted for 2 days, see Figures 10-13.  
The late peak started at about 168-216 hours after dosing and was evident at all dose 
levels for both LA-EP2006 and EU-approved Neulasta.  By the end of the study on Day 
15 (360 hours), mean ANC values were lower in neutropenic rats that received LA-
EP2006 or EU-Neulasta compared to neutropenic rats in the control group. Mean ANC 
levels increases were not dose-related. 
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Figure 10 Changes in ANC at doses of 50 mcg/kg in Neutropenic Wistar Rats
(Excerpted from Applicant’s Submission)

Figure 11 Changes in ANC at doses of 100 mcg/kg in Neutropenic Wistar Rats
(Excerpted from Applicant’s Submission)
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Figure 12 Changes in ANC at doses of 200 mcg/kg in Neutropenic Wistar Rats
(Excerpted from Applicant’s Submission)

Figure 13 Changes in ANC at doses of 500 mcg/kg in Neutropenic Wistar Rats
(Excerpted from Applicant’s Submission)

Table 9 presents a summary of estimated PD parameters and Table 10 presents the 
ratios of PD parameters. Figure 14 and Figure 15 present the dose-response for the 
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ANC in neutropenic rats. A clear dose-response as measured by AUEC or Emax
estimates was not observed; high variability of Emax estimates was observed for both 
LA-EP2006 and EU-Neulasta.

Table 9 Pharmacodynamic Parameters in Neutropenic Wistar Rats
(Excerpted from Applicant’s Submission)

Table 10 Ratios of Pharmacodynamic Parameters in Neutropenic Wistar Rats
(Excerpted from Applicant’s Submission)
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Figure 14 Dose-Response –AUEC– in Neutropenic Wistar Rats
(Excerpted from Applicant’s Submission)

Figure 15 Dose-Response –Emax– in Neutropenic Wistar Rats
(Excerpted from Applicant’s Submission)

Pharmacodynamics in Naïve Rats
Naïve rats in the control group showed no clinically relevant fluctuations in ANC during 
the treatment period with the vehicle alone. Mean ANC ranged from 0.95 ± 0.13 x 109

cells/L to 2.05 ± 0.49 x 109 cells/L throughout the study.

The PD response to pegfilgrastim administration in naïve Wistar rats did not show the 
typical split into an early and a late response observed in neutropenic rats, see Figures 
16-19.  Mean ANC levels increases were dose-related.  
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Figure 16 Changes in ANC at doses of 50 mcg/kg in Naïve Wistar Rats
(Excerpted from Applicant’s Submission)

Figure 17 Changes in ANC at doses of 100 mcg/kg in Naïve Wistar Rats
(Excerpted from Applicant’s Submission)

Reference ID: 3937562



BLA # 761045 Pedro L. Del Valle, PhD

35

Figure 18 Changes in ANC at doses of 200 mcg/kg in Naïve Wistar Rats
(Excerpted from Applicant’s Submission)

Figure 19 Changes in ANC at doses of 500 mcg/kg in Naïve Wistar Rats
(Excerpted from Applicant’s Submission)

Tmax in naïve rats was similar for both LA-EP2006 and EU-Neulasta at 50 mcg/kg; 
however, Tmax occurred earlier for LA-EP2006 (24 hours) compared to EU-Neulasta (48 
hours) in naïve rats dosed at 100 and 200 mcg/kg and Tmax was delayed to 72 hours in 
naïve rats dosed at 500 mcg/kg LA-EP2006, see Table 11. AUEC ratios for LA-EP2006 
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to EU-Neulasta were closed to the unit indicating similar PD responses, see Table 12,
Figure 20; however, Emax ratios were highly variable, see Table 12, Figure 21.

Table 11 Pharmacodynamic Parameters in Naïve Wistar Rats
(Excerpted from Applicant’s Submission)

Table 12 Ratios of Pharmacodynamic Parameters in Naïve Wistar Rats
(Excerpted from Applicant’s Submission)
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Figure 20 Dose-Response –AUEC– in Naïve Wistar Rats
(Excerpted from Applicant’s Submission)

Figure 21 Dose-Response –Emax– in Naïve Wistar Rats
(Excerpted from Applicant’s Submission)
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Pharmacokinetics in Neutropenic and Naïve Wistar Rats
Pharmacokinetic analysis for naïve Wistar rats showed similar exposures to LA-EP2006 
compared to EU-Neulasta except for higher AUC and Cmax at LA-EP2006 100 mcg/kg 
dose level. Pharmacokinetic analysis for neutropenic Wistar rats showed similar 
exposures to LA-EP2006 compared to EU-Neulasta except for a tendency of higher 
AUC and Cmax at LA-EP2006 200 mcg/kg dose level.  No apparent deviations in the 
final formulations were reported which could explain the higher PK profiles following 
administration of 100 or 200 mcg/kg LA-EP2006, see Table 15.

Table 13 Pharmacokinetics in Neutropenic and Naïve Wistar Rats following a 
Single Dose of LA-EP2006 or EU Neulasta

(Excerpted from Applicant’s Submission)

Table 14 Ratios of LA-EP2006 / EU-Neulasta for PK Parameters in Neutropenic 
and Naïve Wistar Rats

(Excerpted from Applicant’s Submission)
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Figure 22 Dose-AUC Profile in Naïve Wistar Rats
(Excerpted from Applicant’s Submission)

Figure 23 Dose-Cmax Profile in Naïve Wistar Rats
(Excerpted from Applicant’s Submission)
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Figure 24 Dose-AUC Profile in Neutropenic Wistar Rats
(Excerpted from Applicant’s Submission)

Figure 25 Dose-Cmax Profile in Neutropenic Wistar Rats
(Excerpted from Applicant’s Submission)
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Dose Formulation Analysis
Two samples of 250 mcL were taken on the dosing day for each dose formulations; one 
sample was taken from the fresh dose formulation prior to dosing the first animal and 
the second sample directly after dosing the last animal with the same dose formulation. 
Samples were frozen at -20 ± 5°C and analyzed right after the end of the in-life period.

A reverse HPLC method was mentioned in the report; however, no validation or 
acceptance criteria for pegfilgrastim in formulation buffer were included in the report.  
The dose formulation analysis was not performed under GLP. Table 15 shows the dose 
formulations results available.

Table 15 Dose Formulation Analysis

Product
Nominal 
Content 

(mcg/mL)

Mean 
Actual 

Content
(mcg/mL)

LA-EP2006 41.67 37
LA-EP2006 83.3 78
LA-EP2006 166.67 158
LA-EP2006 416.67 402
EU-Neulasta 41.67 39
EU-Neulasta 83.3 81
EU-Neulasta 166.67 159
EU-Neulasta 416.67 402

5.2 Toxicokinetics 
See Repeat-dose study.

6 General Toxicology
6.1 Single-Dose Toxicity
See PK/PD study
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6.2 Repeat-Dose Toxicity
Study title: Placebo-controlled comparative 4-week repeated dose toxicity 
study of five different regimens of LA-EP2006 (pegfilgrastim) and 
Neulasta® (EU-registered) with and without recovery period in adult male 
and female CD® rats, including the assessment of toxicokinetics and
Immunogenicity - Multi-site Study

Study no.: LA-EP06-006
Study report location: eCTD 4.2.3.2

Conducting laboratory and location:

Date of study initiation: November 23, 2010
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: LA-EP2006; 30114715; Pegfilgrastim 

Content 9.9 mg/mL
EU-Neulasta; 1016759; Pegfilgrastim 
Content 9.75 mg/mL

Key Study Findings
LA-EP06-006 and EU-Neulasta had similar toxicity profiles in naïve CD rats at 
doses of 50, 100, 200, and 1000 mcg/kg that correspond to 1/12.4, 1/6.2, 1/3.1 
and 1.3 fraction of the human equivalent dose based on a 60 kg human receiving 
a flat dose of 6 mg. 
The pharmacodynamic response, as measured by AUEC and Emax ratios of the
two products, was similar in naïve CD rats.
The toxicokinetic profile, as measured by AUC and Cmax ratios of the two 
products, was relatively similar after the first injection at all dose levels.
The multiple dose TK profiles were comparable after q2d dosing of 100 mcg/kg 
for two weeks as well as following q1w dosing of 1000 mcg/kg over 5 weeks.
Moderately to markedly higher AUC ratios of 1.456, 1.442, and 1.338 at 50, 100, 
and 200 mcg/kg, respectively, occurred after multiple treatment in the dose 
groups with every other day (q2d) administrations over 4 weeks.
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Methods
Doses: LA-EP2006: 0, 50, 100, 200, or 1000 mcg/kg

EU-Neulasta: 50, 100, 200 or 1000 mcg/kg
HED fraction: 1/12.4, 1/6.2, 1/3.1, or 1.3
The dose levels were selected with reference to
the results of the dose-finding toxicity study with 
LA-EP2006 (Sandoz study LA-EP06-005) using 
the same study design and rat strain.

Frequency of dosing: LA-EP2006 or EU-Neulasta 100 mcg/kg every 
other day for 2 weeks (q2d-2w)
LA-EP2006: 0, 50, 100, 200 mcg/kg and EU-
Neulasta 50, 100, 200 mcg/kg every other day 
for 4 weeks (q2d-4w)
LA-EP2006 1000 mcg/kg and EU-Neulasta 1000 
mcg/kg once weekly  for 5 weeks (q1w-5w) , see 
Table 16

Route of administration: Subcutaneous (SC) injection into the left and 
right flanks, alternately

Dose volume: 1.0 mL/kg
Formulation/Vehicle: Sterile, clear, colorless, preservative-free 

formulation buffer (pH 4.0) containing acetate 
(0.35 mg), sorbitol (30.0 mg), polysorbate 20 
(0.02 mg), and sodium (0.02 mg) in water
for injection

Species/Strain: CD Rat, Crl:CD (SD)
Number/Sex/Group: Varied 36 to 62/sex/group

Total 1192 animals (596 males and 596 
females)

Age: Males: 57 to 75 days
Females: 71 to 82 days

Weight: Males: 315.7 g to 442.2 g
Females: 229.0 g to 327.6 g

Satellite groups: Animals were allocated within each dose level to 
Allocation groups A (toxicity w/o recovery), B 
(toxicity with recovery), C1 (TK/PD profile 1), C2 
(TK/PD profile 2), D (TK/PD through/peak level) 
and E (immunogenicity)  

Unique study design: The in-life period was divided into 12 sequential 
start dates

Deviation from study protocol: Deviations had no impact on study results or 
data interpretation
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Observations 

Table 16 Treatment Allocation
(Excerpted from Applicant’s Submission)

Main allocation group D
This main allocation group comprised 108 animals in total, i.e. the 36 recovery 
animals and 72 satellite animals from all dose groups except dose group 3 and 8 
(100 mcg/kg q2d for 2 weeks) from which no samples were taken.
Treatment of the animals over 4 weeks (dose group 1 and 2, dose group 4, 5 and 
7 and dose group 9 and 10) and for 5 weeks (dose group 6 and 11).
Blood samples for the determination of trough and peak pegfilgrastim serum 
levels were taken at dedicated time points during the 4/5-week treatment period. 
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The trough samples were taken right before the application, the peak samples at 
15 hours after the application. Trough and peak level samples were taken 
alternately.

Microscopic examination of tissues was conducted only for all animals of groups 1, 5, 6, 
10 and 11 (Main allocation group A, q2d-4w or q1w-5w), see groups in Table 16.
Results
Mortality
No LA-EP2006- or EU-Neulasta-related deaths occurred during the study.
Local Tolerance
Subcutaneous treatment with LA-EP2006 or EU-Neulasta at doses of 100 mcg/kg (q2d-
2w), or 50, 100 or 200 mcg/kg (q2d-4w) or of 1000 mcg/kg (q1w-5w) did not produce 
any local intolerance reactions in male and female rats.  No changes were noted during 
the 2-months recovery period.
Clinical Signs
LA-EP2006- or EU-Neulasta-related swollen ankle joints and/or feet were noted starting 
on Day 7 or 8 lasting 2 to 23-24 days. A clear dose dependency was noted for rats 
treated every other day for 4 weeks (groups 2, 4 and 5 as well as for groups 7, 9 and 
10).  The number of affected rats of the high dose groups treated once weekly for 5 
weeks was comparable to those of the low dose groups treated every other day for 4 
weeks. In addition, swollen forepaws were noted on 5 to 8 days starting on Day 23 for 1 
and 2 rats in the 200 mcg/kg LA-EP2006 and EU-Neulasta groups, respectively. 

Table 17 Clinical Signs in CD Rats
(Excerpted from Applicant’s Submission)
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Body Weights
Unremarkable
Food Consumption
Unremarkable
Ophthalmological and auditory examinations
Unremarkable
ECG
Not conducted
Hematology
In general, changes in hematological parameters were similar among males and 
females dosed with LA-EP2006 or EU-Neulasta and corresponded to the mode of 
action (granulopoiesis) of moderate to marked increase in leukocyte counts at all dose 
levels
Clinical Chemistry
Changes in clinical chemistry parameters were limited to increases in plasma activities 
of alkaline phosphatase (aP) and gamma-glutamyltransferase (gamma-GT), see Table 
18. Plasma activity of lactate dehydrogenase (LDH) was also increased at all dose 
levels except for subcutaneous administration of LA-EP2006 or EU-Neulasta at 50 
mcg/kg doses (q2d-4w). Higher increases in plasma activity of aP occurred in female 
rats while higher increase in Gamma-GT occurred in male rats. Increases in plasma 
activity of LDH were comparable among sexes. 

Table 18 Changes in Clinical Chemistry Parameters in CD Rats following 
Repeat Administration of LA-EP2006 or EU-Neulasta

(Excerpted from Applicant’s Submission)
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Percent Changes compared to Control on Day 30

Urinalysis
All changes in urinary parameters were minor and did not have microscopic correlates.
Gross Pathology
LA-EP2006- and EU-Neulasta-related macroscopic findings occurred at all dose levels 
and included, see Table 19:

Enlarged, thickened or swollen spleen 
Swollen ankle joint and 
Swollen feet (hindlegs) 

Additional LA-EP2006- and EU-Neulasta-related macroscopic findings occurred in 
single animals at different dose levels and included:

Lungs (emphysematous, partly indurated)
Liver (increased lobular pattern, multiple white discolored foci)
Testis (reduced in size, soft consistency), epididymis (reduced in size)
Stomach mucosa (fundus, single red discolored focus)
Ovary (cyst) 
Musculature of the hindlegs (reduced in size)

At the end of the recovery period, most of macroscopic findings were resolved except 
for an enlarged spleen in 1 of 10 male rats at 200 mcg/kg q2d-4w.
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Table 19 Macroscopic Findings in CD Rats
(Excerpted from Applicant’s Submission)

Organ Weights
LA-EP2006- or EU-Neulasta-related marked increase in spleen relative and absolute 
organ weight occurred in male and female rats at all dose levels and treatments of 2, 4
or 5 weeks, see Table 20.  At the end of the recovery period, the spleen of rats dosed 
with LA-EP2006 or EU-Neulasta at 200 mcg/kg q2d-4w were still enlarged, see Table 
21.
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Table 20 LA-EP2006- or EU-Neulasta-related Changes in Organ Weights at the 
end of 2, 4 or 5 weeks of Treatment compared to Control CD Rats on Day 30

(Excerpted from Applicant’s Submission)

Table 21 Changes in Organ Weights at the end of the Recovery Period 
compared to control CD rats

Treatment
200 mcg/kg
Q2d – 4w

Spleen Weight (% Change compared to control)
Relative Absolute

LA-EP2006 Group 5
Males 28 30

Females 49 45
EU-Neulasta Group 10

Males 19 11
Females 43 33
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Histopathology
Adequate Battery: Yes
Peer Review: No
Histological Findings
Grading of severity of findings was conducted using weighting factors automatically 
entered at the time of observation according to the following table:

Table 22 Grading Scale for Severity of Microscopic Findings
(Excerpted from Applicant’s Submission)

Table 23 Microscopic Findings in CD Rats at Terminal Sacrifice
(Excerpted from Applicant’s Submission)
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LA-EP2006- or EU-Neulasta-related edema, inflammation of soft tissue, destruction of 
joint, arthritis and bone destruction and fibro-osseous proliferation were noted in the 
ankle joints and feet.  In addition, bone remodeling of the femur and tibia was observed. 
The incidence and severity was higher for 200 mcg/kg q2d-4w rats compared to 1000 
mcg/kg q1w-5w rats.

Findings related to PD effects included activation of hematopoiesis/granulocytopoiesis 
in the bone marrow, spleen, liver, adrenal glands and lungs that occurred at both doses 
and with similar intensity for both products.  There was no difference in the effects 
between LA-EP2006 and EU-Neulasta treated animals.  At the end of the 2-month 
recovery period, all observed changes had decreased.
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Special Evaluation
Immunogenicity Testing
Antibodies against pegfilgrastim were detected in 70 of 287 animals on Days 44, 45 or 
50. Lower number of rats treated with LA-EP2006 (28) compared to EU-Neulasta (42) 
tested positive for antibodies against Pegfilgrastim. A confirmatory assay to 
demonstrate specificity or further characterization of ADA formed was not conducted.

Bone Marrow Examination
Subcutaneous treatment with LA-EP2006 or EU-Neulasta led to increased 
myeloid/erythroid ratios compared to the control group. The increase in ratios was 
similar for both products. Values for myeloid/erythroid ratios were comparable to control 
at the end of the recovery period. 

Table 24 Myeloid / Erythroid Ratios
(Excerpted from Applicant’s Submission)

Toxicokinetics
Overall, the toxicokinetics observed in this study well corresponded to the pattern 
previously described for pegylated granulocyte-colony stimulating factor.  Serum 
clearance is inversely related to dose, e.g. it decreases with increasing doses as it is 
substantially influenced by the number of neutrophils as shown by high dose-dependent 
peak serum levels after the single dose application. Serum concentrations after multiple 
dosing are lower than after the first dose caused by the known target-mediated drug 
disposition. 

The toxicokinetic profiles of the two products were relatively similar after the first 
injection at all dose levels, but showed some differences after multiple treatment in the 
dose groups with every other day (q2d) administrations over 4 weeks.  In these three 
groups, both AUC and Cmax were moderately to markedly higher in the LA-EP2006
groups than in the EU-Neulasta groups after the last dose. In contrast, the multiple 
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dose TK profiles were well comparable after q2d dosing of 100 mcg/kg for two weeks as 
well as following q1w dosing of 1000 mcg/kg over 5 weeks.

Table 25 Toxicokinetic Parameters 
(Excerpted from Applicant’s Submission)

Pharmacodynamics
PD parameters included:

Emax (maximum Absolute Neutrophil Count - ANC response), 
AUEC (area under effect-time curve) and 
tmax (time of Emax). 

Emax and tmax were read off directly from the concentration-time curve while AUEC was 
calculated using the trapezoidal integration.  Ratios of the AUEC and Emax close to the 
unit indicate that the PD response in naïve rats were comparable for LAEP2006 and 
EU-Neulasta at the different doses and dosing regimens.

Table 26 Pharmacodynamic Parameters after Repeat Dose Administration in 
CD Rats

(Excerpted from Applicant’s Submission)
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Dosing Solution Analysis
The dose formulation analysis was not performed under GLP. Based on the report, the 
dose formulations correspond to the references.

Study title: Comparative parallel group 4-week repeated dose toxicity study 
followed by a 4-week recovery period on different subcutaneous doses of
LA-EP2006 and Neulasta® including the assessment of toxicokinetics and 
immunogenicity in satellite animals 

Study no.: LA-EP06-003
Study report location: eCTD 4.2.3.2

Conducting laboratory and location:

Date of study initiation: August 18, 2009
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: LA-EP2006; 0926 180; Pegfilgrastim 

Content 9.75 mg/mL
EU-Neulasta; 1012219; Pegfilgrastim 
Content 9.73 mg/mL

Key Study Findings
The dosing phase was reduced from 14 to 5 and 14 to 8 doses in male and 
female Wistar rats, respectively, for both LA-EP2006 and EU-Neulasta because 
of severe clinical signs, body weight loss and reduced food consumption
Clinical signs included abnormal gait, especially dragging of the hindlegs; the 
testes (males), hindlegs and/or ankle joints were reddened and swollen.  The 
severity of all these clinical signs was higher in males than in females although 
the onset was similar for both LA-EP2006 and EU-Neulasta groups.
Clinical signs corresponded with macroscopic observations of thickened 
ankle/joints and microscopic findings of myelofibrosis in ossification areas and/or 
arthritis/periostitis in joints
Changes in hematological and clinical chemistry parameters were similar among 
males and females dosed with LA-EP2006 or EU-Neulasta and corresponded to 
the mode of action of granulopoiesis:

o Marked increase in leukocyte counts (neutrophils) and decreases in red 
blood cell parameters and partial thromboplastin time with microscopic 
correlates of granulocytosis and hematopoiesis in the liver, spleen and 
increased granulopoiesis in the bone marrow

o Marked increases in the activities of ALP and GGT, ASAT at all dose 
levels and CK mainly at high dose levels with no microscopic correlates

o Changes in plasma protein levels and decreased levels of phospholipids 
(mainly at higher dose levels) were noted in both sexes 
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Increased spleen weights in both sexes at all dose levels, decreased weights of 
heart and seminal vesicles in males at all dose levels and decreased thymus 
weights in females
Most findings had completely or almost completely reversed after four weeks of 
recovery
Pharmacokinetic parameters in male and female rats were in general similar after 
the first dose with LA-EP2006 or EU-Neulasta with dose-related increases in
plasma levels of pegfilgrastim.

Methods
Doses: LA-EP2006: 0, 100, 500, or 1000 mcg/kg/q2d

HED fraction: 1/6.2, 1/1.2, or 1.3
EU-Neulasta: 100 or 1000 mcg/kg/q2d
HED fraction: 1/6.2, or 1.3
The dose levels were selected based on a 2-
week repeated subcutaneous dose toxicity study 
in rats where EU-Neulasta was administered 
every other day and the no adverse effect level 
(NOAEL) was 100 mcg/kg/dose.  In the same 
study signs of toxicity were found in multiple 

antibodies were seen at all dose levels (50, 100, 
500, 1000 mcg/kg) with an incidence of 1/20 to 
5/20 rats.  In contrast, the NOAEL was 1000 
mcg/kg/dose in chronic toxicity studies in rats 
where EU-Neulasta was given subcutaneously 
in weekly intervals. The every-other-day 
administration scheme is more suitable for the 
comparison of LA-EP2006 with EU-Neulasta 
than the weekly administration although this 
dosing
regimen does not reflect the clinical use of EU-
Neulasta

Frequency of dosing: Every other day (q2d)
Route of administration: Subcutaneous (SC)

Dose volume: 1.2 mL/kg
Formulation/Vehicle: Sterile, clear, colorless, preservative-free 

formulation buffer (pH 4.0) containing acetate 
(0.35 mg), sorbitol (30.0 mg), polysorbate 20 
(0.02 mg), and sodium (0.02 mg) in water
for injection

Species/Strain: Rat, RccHan: WIST(SPF)
Number/Sex/Group: Varied 24 to 30/sex/group

Age: Approximately 7 weeks
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Weight: Males: 117.58 to 215.33 g (190.75 ± 11.77 g)
Females: 103.41 to 164.68 g (136.70 ± 12.42 g)

Satellite groups: Animals were allocated within each dose level to 
Allocation Subgroups A (main study), B 
(recovery), C (TK and recovery) and D 
(immunogenicity and recovery)  

Unique study design: Due to the occurrence of severe clinical signs 
and body weight loss in a large part of the males 
at all dose levels, additional animals from 
allocation subgroups C and D were selected for 
the recovery period

Deviation from study protocol: Deviations had no impact on study results or 
data interpretation

Table 27 Animal Allocation and Dose Levels
(Excerpted from Applicant’s Submission)

Reference ID: 3937562



BLA # 761045 Pedro L. Del Valle, PhD

57

Observations 

Table 28 Study Activities and Schedule
(Excerpted from Applicant’s Submission)
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Results
Mortality
The dosing phase was reduced from 14 to 5 doses in male Wistar rats for both LA-
EP2006 and EU-Neulasta because of severe clinical signs and body weight loss; all 
males assigned to Allocation subgroup A were sacrificed for ethical reasons. In addition, 
all males in Allocation subgroups B, C and D for all dose levels in similar suffering 
condition were also sacrificed on Day 11. In total 25 males were sacrificed because of 
humane reasons:

2/25 at 100 mcg/kg/q2d,
4/25 at 500 mcg/kg/q2d, and 
9/30 at 1000 mcg/kg/q2d LA-EP2006, 
2/25 at 100 mcg/kg/q2d and 
8/30 at 1000 mcg/kg/q2d EU-Neulasta 

Male Wistar rats assigned for toxicokinetic evaluations were selected for early sacrifice 
based on the severity of clinical signs and necropsy was conducted after blood 
sampling 48 and 72 hours post-dosing.

The dosing phase was reduced from 14 to 8 doses in female Wistar rats because 
similar clinical signs were observed towards the end of treatment week 2 and all 
females assigned to Allocation subgroup A were sacrificed on Days 16/17.  One female 
at 1000 mcg/kg/q2d LA-EP2006 was found dead after the blood sampling at 144 hours 
following the 8th dose.  Control rats were also sacrificed earlier to properly compare 
treatment to control animals.  

Table 29 Duration of the Different Phases during the study
(Excerpted from Applicant’s Submission)

Clinical Signs
LA-EP2006- or EU-Neulasta-related clinical signs were noted at all dose-levels in male 
and female rats after the first week of dosing (2 doses).  These clinical signs included 
abnormal gait, especially dragging of the hindlegs; the testes (males), hindlegs and/or 
ankle joints were reddened and swollen.  These clinical signs corresponded with 
macroscopic observations of thickened ankle/joints and microscopic findings of 
myelofibrosis in ossification areas and/or arthritis/periostitis in joints. The reddened and 
swollen testes had no macro- or micro-findings correlates and they were most probably 
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due to the close contact of the skin with the bedding and feces due to their inability to 
use the hindlegs.

Additional clinical signs noted in single rats included ruffled fur and visible weight loss 
and one male with vocalization.  The severity of all these clinical signs was higher in 
males than in females although the onset was similar for both LA-EP2006 and EU-
Neulasta.  The incidence was higher at the mid and high dose level (500 mcg/kg/q2d 
and 1000 mcg/kg/q2d) compared to the low dose (100 mcg/kg/q2d); however, there 
were some animals showing marked clinical signs at the low dose.  None of these 
clinical signs were observed in the control group.

Body Weights
LA-EP2006- or EU-Neulasta-related reduced body weight gain and/or body weight loss 
was noted at all dose levels after the first week of treatment for both male and female 
rats. However, the incidence was higher in male rats.

Table 30 Percentage of Wistar 
or body weight loss at the end of the Dosing Period

(Excerpted from Applicant’s Submission)

During the recovery phase, a marked body weight gain was noted in both males and 
females previously treated with 1000 mcg/kg/q2d LA-EP2006 or EU-Neulasta; however, 
the mean body weight for females was still lower compared to control group by -9% and 
-6%, respectively.

Food Consumption
LA-EP2006- or EU-Neulasta-related decreased food consumption during the dosing 
phase corresponded with body weight loss and/or minimal body weight gain in both 
male and female rats, see Table 31.  Food consumption during the recovery phase was 
relatively similar to control animals.
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Table 31 Changes in Food Consumption Compared to Control Mean Values in 
Wistar Rats

(Excerpted from Applicant’s Submission)

Ophthalmoscopy
No LA-EP2006- or EU-Neulasta-related ophthalmoscopy findings occurred. 
ECG
Not conducted
Hematology
In general, changes in hematological parameters were similar among males and 
females dosed with LA-EP2006 or EU-Neulasta and corresponded to the mode of 
action (granulopoiesis) of moderate to marked increase in leukocyte counts at all dose 
levels, see Table 32 and Table 33.
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Table 32 LA-EP2006- or EU-Neulasta-related Changes in Hematology 
Parameters in Male Wistar Rats Compared to Control

(Excerpted from Applicant’s Submission)

LA-EP2006- or EU-Neulasta-related dose-dependent included:
Massive increase in neutrophils
Moderate increases in monocytes, basophils and large unstained cells 
(peroxidase-negative) accompanied with modest increases in eosinophils and 
lymphocytes
Moderate decreases in red blood cell parameters
Decreases in partial thromboplastin time
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Table 33 LA-EP2006- or EU-Neulasta-related Changes in Hematology 
Parameters in Female Wistar Rats Compared to Control

(Excerpted from Applicant’s Submission)

Macroscopic correlates included enlarged spleens and microscopic correlates included 
granulocytosis and hematopoiesis in the liver, spleen and increased granulopoiesis in 
the bone marrow.

Few differences noted between LA-EP2006- or EU-Neulasta-treated male and female 
Wistar rats included:
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Lack of effects on mean corpuscular hemoglobin concentration (MCHC) in 
females and the lack of effects on hemoglobin concentration distribution width 
(HDW) in males
Decreased reticulocyte counts in males at 500 and 1000 mcg/kg/q2d (groups 3, 
4, and 6), whereas in females, the reticulocytes were increased at all dose levels
Increased platelet counts in females but no effects in males 

Changes in hematological parameters were not observed in rats at the end of the 
recovery period. 
Clinical Chemistry
In general, changes in clinical chemistry parameters were similar among males and 
females dosed with LA-EP2006 or EU-Neulasta and included:

Marked increases in the activities of ALP and GGT in both sexes at all dose 
levels
Mild to moderate increases in the activity of ASAT (AST) and CK at 500 
mcg/kg/q2d
Plasma protein levels (females only), decreased albumin levels and an increase 
in globulin levels were measured, resulting in a decrease in the albumin/globulin 
ratio

Few differences noted between LA-EP2006- and EU-Neulasta-treated rats included:
Increases in lactate dehydrogenase (LDH) only in LA-
mcg/kg/q2d
Increased sodium (males) and chloride (both males and females) concentrations 
only noted after treatment with EU-Neulasta
Increased in urea concentration in blood for males at 1000 mcg/kg/q2d EU-
Neulasta

Few differences noted between LA-EP2006- or EU-Neulasta-treated male and female 
rats included:

Decreases in the levels of triglycerides and phospholipids after treatment with 
LA-EP2006 or EU-Neulasta in males only
Decreases in the levels of cholesterol after treatment with LA-EP2006 or EU-
Neulasta at 1000 mcg/kg/q2d in females only
Increases in total bilirubin and calcium plasma levels in LA-EP2006 males only
Increases in glucose levels in EU-Neulasta males only
Decreases in glucose levels in LA-EP2006 females only

None of the changes in clinical chemistry parameters had macro or microscopic findings 
correlates. All parameter values were similar to control values at the end of the 
recovery period except for increased ASAT activity (+12%) and phosphorus level 
(+16.1%) in 1000 mcg/kg/q2d males and females, respectively, compared to the control 
group.
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Table 34 LA-EP2006- or EU-Neulasta-related Changes in Clinical Chemistry 
Parameters in Wistar Rats Compared to Control

(Excerpted from Applicant’s Submission)
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Urinalysis
All changes in urinary parameters were minor and did not have microscopic correlates.
Gross Pathology
LA-EP2006- and EU-Neulasta-related macroscopic findings included enlarged spleen 
and thickened ankle joints.  The findings were found more frequently and more 
pronounced in male rats. 

Table 35 Incidence of LA-EP2006- or EU-Neulasta-related Macroscopic 
Findings in Wistar Rats

(Excerpted from Applicant’s Submission)

Organ Weights
LA-EP2006- or EU-Neulasta-related marked increase in spleen organ weight ratio at all 
dose levels in both male and female rats with corresponding macroscopic observations 
of spleen enlargement and microscopic correlates of increased hemopoiesis. 
No macro- or microscopic correlates for the significant reduced absolute and relative 
heart weight.

Microscopic findings of atrophy in seminal vesicles of several males at 500 mcg/kg/q2d 
corresponded with reduced seminal vesicles weight ratio in male rats. The thymus 
weight ratio was significantly reduced in females.  
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Table 36 LA-EP2006- or EU-Neulasta-related changes in Organ Weight in 
Wistar Rats

(Excerpted from Applicant’s Submission)

Histopathology
Adequate Battery: Yes

Peer Review: Yes

Histological Findings
Excerpted from the Applicant’s Submission

The increased granulopoiesis in the bone marrow and extramedullary 
hemopoiesis in spleen and liver are considered to represent the pharmacological 
effect of LA-EP2006 and EU-Neulasta. The emperipolesis of neutrophils in 
megakaryocytes noted in bone marrow and spleen may be indicative of 
increased granulocytic activity.
The myelofibrosis and osteomyelitis noted in the ossification area of femur, tibia, 
and bones of the ankle joints in rats of all treatment groups are considered to be 
a secondary effect of the marked granulopoietic activity of pegfilgrastim. These 
findings are regarded as an interference of granulopoiesis with the ossification 
process.
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The arthritis/periostitis noted in the stifle and ankle joints are considered to be 
reactions secondary to the impaired ossification.
The 4-week recovery period was sufficient for complete reversal of all afore-
mentioned treatment-related alterations.

Table 37 Summary of LA-EP2006- or EU-Neulasta-related Microscopic 
Findings in Male Rats

(Excerpted from Applicant’s Submission)
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Table 38 Summary of LA-EP2006- or EU-Neulasta-related Microscopic 
Findings in Female Rats

(Excerpted from Applicant’s Submission)
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Special Evaluation
Immunogenicity Testing
Anti-Pegfilgrastim antibodies could be detected in one 100 mcg/kg/q2d LA-EP2006 
female from Day 25 (12 days after the 7th dose) and one 1000 mcg/kg/q2d EU-
Neulasta male during the recovery phase. However, the amount of anti-Pegfilgrastim 
antibodies in the female was not quantifiable due to a result below the lowest standard. 
An antibody concentration of 408.4 ng/mL was determined for the 1000 mcg/kg/q2d EU-
Neulasta male.  All other analyzed serum samples were negative for anti-Pegfilgrastim 
antibodies.

Toxicokinetics
The determination of pegfilgrastim in rat serum was performed under GLP using a 
validated ELISA method described in the bioanalytical report. However, toxicokinetic 
evaluations were not performed under GLP.  Data is presented for 2 profiles; Profile 1 
includes TK data during week 1 after the first dose for both male and female rats; Profile 
2 includes TK data after the last dose. However, the last dose was different for males 
(5th dose on Day 9) because of moribund conditions and there was no blood collection 
at some time points. Therefore, TK data after repeat exposure should be interpreted 
cautiously.   

Single Dose
Systemic exposure to LA-EP2006 or EU-Neulasta, as measured by AUC and Cmax,
generally increased with increasing dose from 100 to 1000 mcg/kg/q2d. The increase in 
AUC and Cmax was higher than dose proportional for both LA-EP2006 and EU-Neulasta.
Comparable results for AUC and Cmax to both LA-EP2006 and EU-Neulasta were 
observed after the first dose except for a higher Cmax in 100 mcg/kg/q2d males LA-
EP2006. Tmax also varied in males receiving LA-EP2006, see Table 39. Following Tmax
the G-CSF serum levels declined slowly.  Elevated serum concentrations were still 
measured 48 hours post-dose at all dose levels, see Figure 26.

AUC and Cmax ratios of LA-EP2006/EU-Neulasta after single administration were all 
close to the unit except for higher Cmax ratios in males at 100 mcg/kg. Overall, the PK 
profiles are similar for both LA-EP2006 and EU-Neulasta.  

Repeat Dose
In female Wistar rats, the increase in AUC and Cmax was higher than dose proportional 
for both LA-EP2006 and EU-Neulasta after the 8th dose but values were between 2 to 
10-fold lower than on Day 1, see Table 40. In male Wistar rats, no valid comparison was 
possible after repeated administration (five administrations every second day) due to 
the lack of data for time points before 48 hours post-dose (all groups) and after 72 hours 
(no data for high dose level).  Interpretation of this data should be carefully considered 
since males and females received different number of doses and animals were 
scheduled for early sacrifice based on the severity of clinical signs.
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Table 39 Toxicokinetic Parameters of G-CSF in Male and Female Naïve Wistar 
Rats after Single Administration
(Excerpted from Applicant’s Submission)
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Table 40 Toxicokinetic Parameters of G-CSF in Male and Female Naïve Wistar
Rats after repeated administration

(Excerpted from Applicant’s Submission)
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Figure 26 Time Course of G-CSF Serum Concentrations in Wistar Rats
(Excerpted from Applicant’s Submission)
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7 Genetic Toxicology
Genetic toxicology studies are not required for biotechnology-derived pharmaceuticals 
per ICH S6 Guidance.

8 Carcinogenicity
Carcinogenicity studies are not required for biotechnology-derived pharmaceuticals per 
ICH S6 Guidance

9 Reproductive and Developmental Toxicology
9.1 Fertility and Early Embryonic Development
No studies were conducted

9.2 Embryonic Fetal Development
Study title:  Effects of LA-EP2006 on embryo-fetal development in rabbits 
following subcutaneous injection

Study no.: LA-EP06-011
Study report location: eCTD 4.2.3.5

Conducting laboratory and location:

Date of study initiation: August 2, 2012
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: LA-EP06-011; 7004904 (30324245); 

Protein content 9.8 mg/mL

Key Study Findings
LA-EP2006-related findings in dams:

Lower body weight gain at 50 mcg/kg 
Increase in abortions at 100 mcg/kg
Lower number of implantation sites at 100 mcg/kg q2d 
High post-implantation loss, number of resorptions and reduced number of viable 

LA-EP2006-related fetal findings:
/kg

Higher incidence of external malformations malrotated forepaws, omphalocele, 
cleft palate and subcutaneous edema
mcg/kg
Dose-related increased fetal and/or litter incidences of skeletal variations missing 
ossification for distinct areas of the skull (frontal, parietal, interparietal and/or 
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supraoccipital region) and fusions of the sternebra and the rib(s) and total 
skeletal variations at 50 mcg/kg.
Maternal NOAEL = 5 mcg/kg, equivalent to a 1/75 fraction of the human dose
Fetal NOAEL = 5 mcg/kg, equivalent to a 1/75 fraction of the human dose

Methods
Doses: 0, 2, 5, 50 or 100 mcg/kg

Equivalent Human Dose in mcg/m2:
0, 14.8, 37, 370, 740.1
Doses were selected by the Sponsor based on 
available clinical dose level used for Phase III 
studies of LA-EP2006 and EU-Neulasta

Frequency of dosing: Gestation Gays (GD) 6, 8, 10, 12, 14, 16 and 18
Dose volume: 0.1 mL/kg

Route of administration: Subcutaneous bolus injection into the back 
region; alternating left and right

Formulation/Vehicle: Formulation Buffer
Species/Strain: Rabbit (Oryctolagus cuniculis) / Himalayan 

(White Russian)
Number/Sex/Group: 26 females/group were treated to ensure 

availability of 22 litters for evaluation
Satellite groups: None

Study design: Standard EFD study with staggered starting 
days for the 5 groups

Deviation from study protocol: Deviations had no impact on study results or 
data interpretation

Observations

Table 41 Experimental Design for the EFD Study with LA-EP2006 in Himalayan 
Rabbits 

(Excerpted from Sponsor’s Submission)
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Local tolerance to LA-EP2006 at the injection sites was evaluated.
Animals showing signs of abortion or premature delivery were laparotomised on
the same day and fetuses examined for abnormal development.
Euthanasia was conducted using T61®. Each mL of T-61 contains 200 mg 
embutramide which produces a strong narcotic action and concurrently paralyses 
the respiratory center, 50 mg mebezonium iodide which produces a curariform1

paralytic action on striated skeletal and respiratory muscles and rapidly induces 
circulatory collapse and 5 mg tetracaine hydrochloride which is used as topical 
anesthetic, in aqueous solution
The day of successful copulation was considered GD 0. Laparotomy was 
conducted on GD 29

Laparotomy Evaluation / parameters 
Corpora lutea  

Number per doe, absolute number per group, mean per group 
Implantations  

Number per doe, distribution in the uterine horns, absolute number per group, 
mean per group 

Resorptions  
Number per doe, distribution in the uterine horns, absolute number per group, 
mean per group, mean % per group, early resorptions: below 2 g, late 
resorptions: above 2 g

Weight of placentae  
Individual data per fetus, mean per litter, mean per group, litter mean per group, 
litter mean per sex and group 

Weight of fetuses
Individual data per fetus,  mean per litter,  mean per sex and litter, litter mean per 
group,  litter mean per sex and group

Fetuses   
Number per doe (alive and dead), number of fetuses per sex and female,
distribution in the uterine horns, absolute number of fetuses alive per group,
mean number of fetuses alive per group, mean % of fetuses alive per group,
mean % per sex and group 

Runts (small born animals)
Number per doe, mean per group 

Malformed fetuses  
Individual data per fetus, mean per group and type of malformation
Malformation rate per group [%] = malformed fetuses / Fetuses x 100 fetuses

Fetuses with variations 
Individual data per fetus, mean per group and type of variation   
Variation rate per group [%] = fetuses with variations / Fetuses x 100 fetuses

Fetuses with retardations 
Individual data per fetus, mean per group and type of retardation   
Retardation rate per group [%] = fetuses with retardations / Fetuses x 100

1 muscular relaxation typical of curare
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Implantations
Pre-implantation loss [%] = corpora lutea minus implantations / corpora lutea x 
100
Post-implantation loss [%] = implantations minus living fetuses / implantations x
100

Table 42 Blood Sampling Time for Toxicokinetics
(Excerpted from Sponsor’s Submission)

Results
Examination of the Does
Mortality
None
Local Tolerance
No LA-EP06-011-related pathological findings at the injection sites of the does treated 
subcutaneously with control, 2, 5, 50 or 100 mcg/kg q2d.
Clinical Signs
No LA-EP06-011-related clinical signs were observed in does dosed subcutaneously 
with control, 2, 5 or 50 mcg/kg.
Abortions
Abortions occurred in all groups. An abortion is known to occur spontaneously in 
rabbits of this strain and age and the observed incidences in the control (1), 2 mcg/kg 
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(3), 5 mcg/kg (1) or 50 mcg/kg (2) mcg/kg were within the range of the conducting 
laboratory background data. Hence, these findings were considered to be spontaneous.

Five abortions occurred at the high dose level of 100 mcg/kg and were considered LA-
EP2006-related based on the increased incidence of abortions (5 does) and the high 
incidence of no viable fetuses in 10 does of this group.

Table 43 Abortions in Himalayan Rabbits after Administration of LA-EP2006
(Excerpted from Applicant’s Submission)

Body Weight
LA-EP2006-related reduced body weight gain occurred in does given 50 mcg/kg or 100 
mcg/kg from GD6 through GD29. The lower body weight gain in does at 100 mcg/kg 
reached statistical significance from GD 6 to GD 21 and it corresponded to lower food 
consumption compared to control from GD 12 to 22. The final body weight for does in 
the 100 mcg/kg was significantly different from control on GD 29. 

Table 44 Mean Maternal Body Weights Gain during Gestation (grams)
Gestation 

Day
LA-EP2006 (mcg/kg) q2d

0 2 5 50 100
0 to 6 1 28 22 35 38
6 to 21 86 89 89 45 -93**
21 to 29 75 141 85 45 104
Body Weight 
on Day 29 3228 3271 3144 3083 3026 *
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Feed Consumption
LA-EP2006-related reduced food consumption occurred in does at 100 mcg/kg from GD 
12 to GD 21, see Figure 27. Food consumption increased after GD 21 until GD 29 and 
the increase was significantly higher compared to control food consumption. A trend for 
lower food consumption occurred in does at 50 mcg/kg that corresponded with the trend 
in lower mean body weight gain, see Table 44.

Figure 27 Daily Mean Food Consumption in Pregnant Himalayan Rabbits
(Excerpted from Applicant’s Submission)

Hematology 
Blood samples were taken on GD 7 (24 h after 1st dosing), GD 13 (24 h after 4th 
dosing), GD 17 (24 h after 6th dosing), GD 18 (immediately prior 7th dosing), GD 19 (24 
h after 7th dosing) and on GD 25 (7-day recovery) and 29 (prior to laparotomy, 11-day 
recovery). Significant increases in absolute neutrophils, lymphocytes, monocytes, 
eosinophils, large unstained cells, basophils and significant reduction in hematocrit 
occurred after the first doing on GD 7 until GD 25 (7-day after the last dose) with 
parameter values returning to similar values as control does by GD 29. See Figure 28.
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Figure 28 Time Course for Absolute Neutrophil Counts in Pregnant Himalayan 
Rabbits following Dosing with LA-EP2006

(Excerpted from Applicant’s Submission)

Toxicokinetics
The toxicokinetic analysis was performed as of predose on GD 18 (last dose 
administration), see Table 45.

Exposure to LA-EP2006 increase as doses increased from 2 to 100 mcg/kg. Increase in 
exposure as measured by AUCall was dose-proportional from 2 to 5 mcg/kg but less 
than dose-proportional from 5 to 50 mcg/kg or 5 to 100 mcg/kg. Some parameters could 
not be calculated at lower concentration because of limited data. Half-life at 50 or 100 
mcg/kg ranged from 19 to 21 h.
Dosing Solution Analysis
Dose formulations correspond to the references.
Necropsy
Unremarkable
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Table 45 Toxicokinetics of LA-EP2006 in Pregnant Himalayan Rabbits
(Excerpted from Applicant’s Submission)
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Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.)
The number of dams with viable fetuses was reduced at 50 or 100 mcg/kg. Significant 
lower number of implantation sites with high post-implantation loss, number of 
resorptions and reduced number of viable fetuses occurred at 100 mcg/kg. Significant 
high number of resorptions, high post-implantation loss and reduced number of fetuses 
occurred at 50 mcg/kg, see Table 46.

Table 46 LA-EP2006 Reproduction Data in Himalayan Rabbits

Parameter LA-EP 2006 mcg/kg
0 2 5 50 100

Treated does N 26 26 26 26 26
Pregnant dams at laparotomy N 22 22 22 21 20
Dams with viable fetuses N 22 22 22 18 10
Does w/ abortion N 1 3 1 2 5
Evaluated litters N 22 22 22 18 10

Corpora lutea Total
Mean/doe

166
7.5

184
8.4

173
7.9

174
8.3

165
8.3

Implantation sites Total
Mean/doe

146
6.6

148
6.7

153
7.0

159
7.6

128**
6.4

Resorptions Total
Mean/doe

7
0.3

9
0.4

4
0.2

36**
1.7

99**
5.0

Early resorptions Total
Mean/doe

1
0.0

5
0.2

4
0.2

21**
1.0

72**
3.6

Late resorptions Total
Mean/doe

6
0.3

4
0.2

0
0.0

15*
0.7

27**
1.4

Live fetuses Total
Mean/doe

139
6.3

139
6.3

149
6.8

122**
6.8

28**
2.8

Live Fetuses sex % Male
% Female

42
58

47
53

50
50

52
48

32
68

Dead fetuses at laparotomy Total 0 0 0 1 1
Dead fetuses within 1 hour after laparotomy Total (%) 2 (1.4) 7 (5.0) 3 (2.0) 13 (10.7) 5 (17.9)
Pre-implantation loss Mean (%) 12.1 19.6 13.0 8.4 22.3
Post-implantation loss Mean (%) 4.4 7.1 2.9 25.9 76.2

Offspring (Malformations, Variations, etc.)
Significant lower fetal weight occurred in fetuses from dams administered 50 or 100 
mcg/kg doses. 

LA-EP2006-related external malformations included malrotated forepaws, omphalocele, 
cleft palate and subcutaneous edema with significant higher incidence at 50 or 100 
mcg/kg. In addition, five fetuses from a single dam at 100 mcg/kg presented flattened 
skull. 

LA-EP2006-related skeletal variations included missing ossification for distinct areas of 
the skull (frontal, parietal, interparietal and/or supraoccipital region). Dose-related 
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increased fetal and/or litter incidences were noted for this skeletal variation. In addition, 
statistically significant increases were noted for the incidence of fusions of the sternebra
and the rib(s) and for total skeletal variations at the 100 mcg/kg. 

Table 47 Incidence of Fetal Findings in Himalayan Rabbits

Parameter LA-EP 2006 mcg/kg
0 2 5 50 100

Dams with viable fetuses N 22 22 22 18 10
Fetuses Evaluated N 139 139 149 123 29

Fetal Weights

All Viable Fetuses Mean
Stdv

40.4
2.8

41.3
2.5

40.4
3.7

30.9**
3.4

29.7**
8.7

Male Fetuses Mean
Stdv

40.5
3.4

41.5
2.7

41.0
4.2

31.8**
3.8

28.0**
8.7

Female Fetuses Mean
Stdv

40.3
3.0

41.2
2.7

39.7
3.8

30.0**
4.0

29.1
9.5

Total External Malformations

Fetal Incidence N
%

1
0.7

4
2.9

4
2.7

7**
5.7

8**
27.6

Litter Incidence N
%

1
4.5

3
13.6

3
13.6

4
22.2

3
30.0

Affected fetuses/litter Mean
Stdv

0.9
4.3

2.3
6.3

2.2
6.0

5.9
11.5

22.5
41.6

Total External Variations

Fetal Incidence N
%

0
0.0

1
0.7

0
0.0

0
0.0

2**
6.9

Litter Incidence N
%

0
0.0

1
0.7

0
0.0

0
0.0

2
20

Affected fetuses/litter Mean
Stdv

0
0.0

0.6
2.7

0
0.0

0
0.0

8.3
18.0

Fetal Skeletal Variations

Fetal Incidence N
%

12
8.6

4
2.9

11
7.4

9
7.3

14**
483

Litter Incidence N
%

8
36.4

4
18.2

8
36.4

6
33.3

7
70.0

Affected fetuses/litter Mean
Stdv

9.7
14.9

3.1
6.7

7.0
10.9

7.5
16.1

47.5
41.6

9.3 Prenatal and Postnatal Development
No studies were conducted. 

10 Special Toxicology Studies
None
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11 Integrated Summary and Safety Evaluation
Animal study reports reviewed that are essential for the assessment of the 
pharmacodynamics, pharmacokinetics and toxicity of LA-EP2006 and its similarity to 
EU-Neulasta included:

LA-EP2006-008: Comparative single dose PK/PD study of LA-EP2006 
(pegfilgrastim) vs Neulasta (EU-registered) in adult male neutropenic CD rats 
(GLP)
LA-EP2006-004: Comparative parallel single dose pharmacokinetic and 
pharmacodynamic study in Neutropenia-induced Wistar Rats including the 
assessment of local tolerance (GLP)
LA-EP2006-006: Placebo-controlled comparative 4-week repeated dose toxicity 
study of five different regimens of LA-EP2006 (pegfilgrastim) and Neulasta® (EU-
registered) with and without recovery period in adult male and female CD® rats, 
including the assessment of toxicokinetics and Immunogenicity - Multi-site Study 
(GLP)
LA-EP2006-003: Comparative parallel group 4-week repeated dose toxicity study 
followed by a 4-week recovery period on different subcutaneous doses of LA-
EP2006 and Neulasta® including the assessment of toxicokinetics and 
immunogenicity in satellite animals (GLP) (male and female Wistar rats)
LA-EP2006-011: Effects of LA-EP2006 on embryo-fetal development in rabbits 
following subcutaneous injection (GLP)

Pharmacodynamic Analysis after a Single Dose
Comparative pharmacodynamic responses to subcutaneous injection of LA-EP2006 
and EU-Neulasta were conducted in chemotherapy induced CD and Wistar rats as well 
as in naïve Wistar rats, see Table 48.  Dose-response was observed in 
cyclophosphamide-induced neutropenia CD rats but the responses did not show any 
clear differences between the doses in 5-Fluorouracil-induced neutropenia Wistar rats.
A similar dose-response was observed in naïve Wistar rats after dosing with LA-EP2006 
or EU-Neulasta.

Table 48 Comparative Analysis of Pharmacodynamic Responses
LA-EP2006 or EU-Neulasta (mcg/kg)

Doses 4 14 50 50 100 100 140 200 200 500 500 700
Fraction HED 1/154 1/43.5 1/12.4 1/12.4 1/6.2 1/6.2 1/4.4 1/3.1 1/3.1 1/1.2 1/1.2 1.0
Rat strain CD CD W W W W CD W W W W CD
Chemotherapy 
Inducer CPA CPA 5FU NAI 5FU NAI CPA 5FU NAI 5FU NAI CPA

Dose-
Response Y Y N Y N Y Y N Y N Y Y

Ratios
AUEC total 0.93 0.82 0.88 1.02 1.02 1.0 0.86 0.86 0.92 1.0 1.06 0.86
Emax total 1.16 1.0 0.87 1.07 1.37 1.21 0.94 0.74 0.82 1.29 1.08 0.85

CD=Charles River; W= Wistar; CPA=cyclophosphamide; 5FU=5-Fluorouracil; NAI=naïve; Y=Yes; N=No 
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LA-EP2006/EU-Neulasta AUECtotal ratios ranged from 0.82 to 1.06 for doses from 4 
mcg/kg to 700 mcg/kg that represent the range from 1/154 to 1.0 fraction of the HED 
based on the dose of 6 mg used in the clinical trials. Based on estimated AUEC ratios 
and graphic comparison of mean ANC-time curves at each dose level, 
pharmacodynamic responses to LA-EP2006 compared to EU-Neulasta are considered 
similar at doses ranging from 4 mcg/kg to the HED of 700 mcg/kg, see Figures 1 to 4,
Figure 9 and Figures 10 to 13.

Results for LA-EP2006/EU-Neulasta Emax ratios were more variable and ranged from 
0.74 to 1.37. The lower and higher values for this range were observed in 5-FU-induced 
neutropenia Wistar rats in which a clear dose-response was not elicited by either LA-
EP2006 or EU-Neulasta.  The data for the neutropenic rats are largely influenced by the 
effects of the chemotherapy used so that any observed differences in AUEC and Emax
between the products cannot unambiguously be attributed to the pegfilgrastim 
treatment.

Pharmacokinetic Analysis after a Single Dose
Comparative pharmacokinetics after single subcutaneous injection of LA-EP2006 or
EU-Neulasta was conducted in chemotherapy induced CD and Wistar rats as well as in 
naïve Wistar rats, see Figures 7 to 9 and 22 to 25. Exposure increased as dose levels 
of pegfilgrastim increased in all animal models.  According to Sandoz, high inter-animal 
variability or limited amount of collected blood for analysis of replicate samples 
prevented reliable calculations of 90% confidence intervals for LA-EP2006/EU-Neulasta 
AUC and Cmax. Figures 29 to 31 summarize the PK/PD data at different dose levels 
with different animal models and the animal doses in relation to the HED.

Figure 29 Summary of PK Parameters after Single Dose in 
Neutropenic CD Rats
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 (n
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4 14 140 700
0

50
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150

50000

100000

150000 LA-EP2006
EU-Neulasta

AUC Ratio (LA-EP2006/EU-Neulasta) 1.20 1.13 1.01 0.95
AUEC Ratio (LA-EP2006/EU-Neulasta) 0.93 0.82 0.86 0.86

Dose ( g/kg)

Fraction of Human Dose 1/154 1/43.5 1/4.4 1*

* Human Equivalent Dose (HED): Based on a 60 kg human receiving a flat dose of 6 mg
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Figure 30 Summary of PK Parameters after Single Dose in 
Neutropenic Wistar Rats

 AUC Ratio (LA-EP2006/EU-Neulasta)       0.93        0.90       1.19           1.13
AUEC Ratio (LA-EP2006/EU-Neulasta) 0.88 1.02   0.86      1.0

Dose ( g/kg)

Fraction of Human Dose                1/12.4          1/6.2             1/3.1          1/1.2
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Figure 31 Summary of PK Parameters after Single Dose in 
Naïve Wistar Rats
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 AUC Ratio (LA-EP2006/EU-Neulasta)       0.92        1.73       0.94             1.03
AUEC Ratio (LA-EP2006/EU-Neulasta) 1.02 1.0   0.92      1.06

Dose ( g/kg)
Fraction of Human Dose                1/12.4          1/6.2             1/3.1           1/1.2

Estimated LA-EP2006/EU-Neulasta AUC ratios were all close to the unit indicating 
similar pharmacokinetics of LA-EP2006 to EU-Neulasta, except at 3 dose levels in 
which the AUC ratio indicates differences between the products:

1. Cyclophosphamide-induced neutropenia CD rats at 4 mcg/kg; AUC ratio = 1.20.
A trend for relatively higher AUC ratio of 1.13 at the 14 mcg/kg dose.
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2. 5-Fluorouracil-induced neutropenia Wistar rats at 200 mcg/kg; AUC ratio = 1.19.
A trend for relatively higher AUC ratio of 1.13 at the 500 mcg/kg dose.

3. Naïve Wistar rats at 100 mcg/kg; AUC ratio = 1.73

No apparent deviations in the final formulations were reported which could explain the 
relatively higher PK profiles for LA-EP2006 although it is important to note that the dose 
formulation analysis in PK/PD animal studies were all non-GLP compliant.

To further understand the differences between the products shown by estimates of 
AUC, a graphic comparison of mean serum concentration-time curves with 90%CI or 
mean ± SEM is discussed below. 

1. Cyclophosphamide-induced neutropenia CD rats at 4 mcg/kg; AUC ratio = 1.20
Figure 32 shows that mean serum concentration values at the 12 and 18 hour time 
points for LA-EP2006 were higher than the mean serum concentration values for EU-
Neulasta at the same time points; however, the 90% CI for both curves overlap and the 
mean serum concentrations fall within the interval area.

Figure 32 Concentration-Time Curve with 90% Confidence Intervals in 
Neutropenic CD Rats after administration of 4 mcg/kg Pegfilgrastim
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A trend for relatively higher AUC ratio of 1.13 at the 14 mcg/kg dose. Figure 33 shows 
relatively higher mean serum concentrations of LA-EP2006 during the elimination phase 
at 18 and 48 hours; however, the 90% CI for both curves overlap and the mean serum 
concentrations fall within the interval area. 

Figure 33 Concentration-Time Curve with 90% Confidence Intervals in 
Neutropenic CD Rats after administration of 14 mcg/kg Pegfilgrastim

2. 5-Fluorouracil-induced neutropenia Wistar rats at 200 mcg/kg; AUC ratio = 1.19
Mean serum concentration values for LA-EP2006 at Tmax of 17 hours were relatively 
higher than mean serum concentration values for EU-Neulasta that peak at 12 hours. 
Furthermore, serum concentrations for EU-Neulasta decreased at the 15 and 17 hour 
time points rebounding at the 24 hour time point with a similar value as LA-EP2006.  
The unusual concentration-time response for EU-Neulasta skewed AUC ratio 
calculations at this dose level.
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Figure 34 Concentration-Time Curve in Neutropenic Wistar Rats after 
administration of 200 mcg/kg Pegfilgrastim

A trend for relatively higher AUC ratio of 1.13 at the 500 mcg/kg dose. Figure 35 shows 
that relatively higher serum concentration of LA-EP2006 occurred at 48 hours during the 
elimination phase. Similar serum concentrations with overlapping SEM were observed 
at all other time points. 

Figure 35 Concentration-Time Curve in Neutropenic Wistar Rats after 
administration of 500 mcg/kg Pegfilgrastim
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3. Naïve Wistar rats at 100 mcg/kg; AUC ratio = 1.73
The concentration-time response for LA-EP2006 presented an additional high serum 
peak during the elimination phase that skewed AUC estimates for a 73% higher value.
There is not an explanation for this case. 

Figure 36 Concentration-Time Curve in Naïve Wistar Rats after administration 
of 100 mcg/kg Pegfilgrastim 

Overall, graphic comparison of mean serum concentration-time curves with 90%CI or 
mean ± SEM provided evidence for the relatively similar PK profile in 2 out of the 3 
cases in which the AUC ratio indicates differences between the products. 

Pharmacokinetic Analysis after Repeat Doses in Toxicology Studies
Comparative pharmacokinetics after repeat subcutaneous injections of LA-EP2006 or 
EU-Neulasta was conducted in naïve CD and Wistar rats, see Tables 25, 26, 39, 40 and 
Figure 26. Dose-response was observed after the first dose and at the end of the 
repeat dose schedule and both drugs had similar toxicity profiles.

In the repeat-dose toxicity/TK study with naïve CD rats, all of the dosing regimens were 
more intensive than the clinical regimen (in dose or frequency) of once per 
chemotherapy cycle (usually q3w).  Estimated LA-EP2006/EU-Neulasta AUC ratios 
after the first dose at 50, 100, 200, and 1000 mcg/kg were all close to the unit indicating 
similar pharmacokinetic profile of LA-EP2006 and EU-Neulasta, see Table 49.

Results of the 4-week q2d regimen showed both drugs had similar toxicity profiles in 
naïve CD rats, despite there being moderately to markedly higher AUC ratios of 1.456, 
1.442, and 1.338 at 50, 100, and 200 mcg/kg, respectively.  However, AUC ratios at 100 
mcg/kg 2-week q2d and 1000 mcg/kg 5-week q1w were all close to the unit indicating 
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similar pharmacokinetic profile of LA-EP2006 and EU-Neulasta at these dose levels and 
dosing regimens, see Table 49.

Table 49 Summary of PK/PD Parameters after Repeat Dose Administration in 
CD Rats

In the repeat-dose toxicity/TK study with naïve Wistar rats, the dosing regimen of q2d 
was more intensive than the clinical regimen of once per chemotherapy cycle (usually 
q3w).  Comparative doses were 100 mcg/kg and 1000 mcg/kg q2d with an additional 
dose of LA-EP2006 at 500 mcg/kg q2d. The initial duration of treatment was 4 weeks; 
however, due to occurrence of severe clinical signs, treatment was stopped and male 
and female Wistar rats were sacrificed after 5 and 8 doses, respectively. Both drugs 
had similar toxicity profiles.

Estimated LA-EP2006/EU-Neulasta AUC ratios after the first dose at 100 and 1000 
mcg/kg were close to the unit indicating similar pharmacokinetic profile of LA-EP2006 
and EU-Neulasta, see Table 50.  Results after repeat-dose administration are included;
however, interpretation of this data should be carefully considered since males and 
females received different number of doses and animals were scheduled for early 
sacrifice based on the severity of clinical signs. 

Table 50 Summary of PK/PD Parameters after Repeat Dose Administration in 
Wistar Rats 

After First Dose (mcg/kg)
100 1000

Fraction of Human Dose 1/12.4 1.6

AUC Ratio LA-EP2006 / EU-
Neulasta

Male & Female 
Wistar 0.99 1.0

After Last Dose (mcg/kg)
100 q2d – 2w 1000 q2d – 2w

Male & Female 
Wistar 0.91 0.91
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Overall, both drugs had similar safety profile in naïve CD and Wistar rats after repeat-
dose administration.  The pharmacokinetics of LA-EP2006 and EU-Neulasta are 
considered similar after the first dose in repeat-dose toxicology studies with CD and 
Wistar rats.  Results of the 4-week q2d regimen showed moderately to markedly higher 
AUC ratios of 1.456, 1.442, and 1.338 at 50, 100, and 200 mcg/kg, respectively.  In 
contrast, results of the 2-week q2d at 100 mcg/kg and 5-week q1w at 1000 mcg/kg (1.6 
times the HED) showed AUC ratios close to the unit indicating similar pharmacokinetic 
profiles for LA-EP2006 and EU-Neulasta. 

Similar findings of high AUC ratios of 1.20, 1.19 and 1.73 at 4,100 or 200 mcg/kg were 
observed after single dose administration in either neutropenic or naïve rats. 

Conclusion
There are no residual uncertainties from the nonclinical perspective regarding the 
similarity of LA-EP2006 to the EU-approved comparator product, in terms of PD or 
safety. The PD and safety profiles of LA-EP2006 were similar to EU-Neulasta after 
single or repeat-dose administration, in naïve and in neutropenic rats, using a wide 
range of doses from low mcg/kg to the HED.  The PD profiles were also similar following 
dosing regimens that exceeded any reasonable clinical dosing intensity (in dose levels 
or frequency of dosing), considering the clinical use is approximately once per 
chemotherapy cycle (usually q3w).

With few exceptions, the nonclinical PK data (expressed numerically or graphically) 
indicate that both LA-EP2006 and EU-Neulasta have similar PK profiles after single 
dose administration; as determined over a wide range of dose levels from low mcg/kg to 
higher than the HED.  On occasion, higher exposures to LA-EP2006 than to dose-
matched EU-Neulasta were observed at less than clinically relevant doses, for example 
after a single dose administration of 100 mcg/kg in naïve Wistar rats. Additionally, 
higher exposure for LA-EP2006 occurred after 2-week q2d administration at 50, 100, 
and 200 mcg/kg in CD rats. In contrast, results of the 2-week q2d at 100 mcg/kg and 5-
week q1w at 1000 mcg/kg (1.6 times the HED) showed AUC ratios close to 1, indicating 
similar pharmacokinetic profiles for LA-EP2006 and EU-Neulasta at clinically relevant 
doses. In summary, the PK results showed that there was variable exposures to the 
same dose levels of the two drugs, with higher exposures to LA-EP2006 than EU-
Neulasta observed in some animal studies, while similar exposures to the two drugs (as 
measured by AUC ratios) were observed in other animal studies. From the nonclinical 
perspective, the lack of a clear explanation for what may be causing the higher 
exposures to LA-EP2006 with respect to dose-matched EU-approved Neulasta in some 
animal studies levels leaves residual uncertainty as to the true similarity of the products.
While this is not an approvability issue from the perspective of pharmacology/toxicology, 
it is an observation that warrants mentioning and further study to determine causality 
would be worthwhile to the Applicant.
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