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DATE: October 16, 2019

Date of Consult Request: July 25, 2019

From: Denise N. Johnson-Lyles, Ph.D.
Senior Regulatory Project Manager
Division of Pediatric and Maternal Health (DPMH)

To: Rachel S. McMullen, MPH, MHA, Senior Regulatory 
Health Project Manager, Division of Hematology Products 
(DHP)

BLA Number: BLA 761045

Drug/Product:                       Pegfilgrastim 
(proposed biosimilar to Neulasta)

Applicant:                              Sandoz, Inc.

Indication(s):                         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

DHP submitted a consult request to DPMH dated July 25, 2019, for the above referenced 
product, requesting PeRC prep assistance and input on the need for the sponsor to develop 
a pediatric presentation for patients weighing less than 45 kg (under PREA) for this 
pegfilgrastim biosimilar to Neulasta. This pegfilgrastim biosimilar, has been developed 
for subcutaneous use as a 6 mg/0.6 mL prefilled syringe (PFS), same as the Neulasta 
formulation, however, the PFS is not designed to allow for direct administration of doses 
less than 0.6mL (6mg) syringe and does not include a mechanism for direct 
administration of the product to patients weighing less than 45kg.

The need for development of a pediatric presentation for this biosimilar for pediatric 
patients weighing less than 45 kg (under PREA), given the proposed presentation is 
identical to the innovator (Neulasta) was discussed internally within the Agency, 
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including with Dr. Janet Woodcock, CDER Center Director, on August 9, 2019 and with 
PeRC on August 14, 2019. As a result, actions are being taken to address pediatric 
presentation issues for Neulasta and biosimilars to Neulasta. Please see the following 
documents in DARRTS for detailed information regarding actions specific to this 
application (BLA 761045):

• August 14, 2019 PeRC minutes containing discussion of pediatric presentation 
requirements and the PREA assessment plan (posted on September 8, 2019 to 
BLA 761045 in DARRTS)

• October 15, 2019 PREA PMR/Assessment Information Request Letter to the 
applicant (posted on the same date to BLA 761045 in DARRTS)

The referenced documents above and recommended actions contained therein represent 
the Agency’s current thinking and DPMH has no further comment at this time. This 
memorandum will close out the consult request.

DPMH RPM- Denise Johnson-Lyles
DPMH- Lead Consumer Safety Officer-George Greeley
DPMH Pediatric MO Reviewer- Erica Radden
DPMH Pediatric Team Leader- Mona Khurana
DPMH Deputy Division Director- John Alexander
DPMH Division Director- Lynne Yao
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DIVISION OF HEMATOLOGY PRODUCTS
CLINICAL REVIEW MEMO

351(k) BLA Number: 761045 SDN 49
Applicant: Sandoz Inc.
Submission Date: February 27, 2019
Submission Type: Resubmission
Link to EDR: Application 761045 - Sequence 0048 - 0048 (49) 02/27/2019 ORIG-1 /Multiple 
Categories/Subcategories
Brand (Generic) Name: LA-EP2006 (Pegfilgrastim, proposed biosimilar to Neulasta)
Dosage Form and Strength: 6 mg/0.6 mL solution in a single-dose prefilled syringe 
Route of Administration: Intravenous infusion
Proposed Indication(s) ZIEXTENZO is indicated 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.
Reference Product Information (U.S.-licensed)
Brand (Generic) Name Neulasta (Pegfilgrastim)
Dosage Form and Strength Injection: 6 mg/0.6 mL solution in a single-dose prefilled
syringe

Clinical Reviewer: Laurel A. Menapace, MD

Team Leader: Tanya Wroblewski, MD
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Clinical Memo Summary

This Biologic License Application (BLA) for LA-EP2006 has been re-submitted under Section
351(k) of the Public Health Service Act (42 U.S.C. 262(k)). The applicant is seeking approval
for LA-EP2006 as a proposed biosimilar to US-licensed Neulasta (Neulasta US) licensed under
BLA 125031 by Amgen, Inc. The proposed indication is 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. LA-EP2006, has been developed for subcutaneous use as a 6 mg/0.6 mL prefilled
syringe (PFS).

Please refer to the clinical review of the original BLA submitted by Dr. Patricia Dinndorf on 
June 2, 2016. The original BLA submission included 2 clinical studies, LA-EP06-301 and LA-
EP06-302. These studies were randomized, double-blind, parallel-group, multi-center Phase 3 
comparative studies of LA-EP2006 and EU-approved Neulasta in breast cancer patients treated 
with myelosuppressive chemotherapy. Studies LA-EP06-301 and LA-EP06-302 demonstrated 
that LA-EP2006 was non-inferior to EU-Neulasta with respect to the duration of severe 
neutropenia after the first cycle of TAC chemotherapy. Furthermore, the safety profile of LA-
EP2006 was consistent with the known safety profile of Neulasta.

However, the pivotal studies in the original BLA submission failed to demonstrate PK similarity 
between the products, with AUC and Cmax observations outside of the pre-specified limit of 80-
125% (90% CI) for all comparisons. As such, the Applicant failed to establish the PK portion of 
the scientific bridge to support regulatory approval of LA-EP2006. 

A Complete Response Letter (CRL) was issued by the Agency on June 24, 2016 because the PK 
similarity study LA-EP06-101 failed to demonstrate PK similarity between LA-EP2006 and 
Neulasta US and failed to establish the PK portion of the of the scientific bridge
between LA-EP2006, Neulasta US, and EU-approved Neulasta. 

Subsequently, a BPD Type I meeting was held with the Applicant on September 16, 2017 to 
address the Agency’s response. The applicant conducted a root cause analysis and proposed a 
new clinical study, LA-EP06-104, specifically to address clinical pharmacology’s concerns and 
deficiencies issued by the Agency. 

Study LA-EP06-104 is a single-dose, 3-period crossover PK/PD similarity study in 577 healthy 
subjects comparing the LA-EP2006, Neulasta US, and Neulasta EU. The results of the study 
established the PK and PD similarity between LA-EP2006 and Neulasta US. The study also 
established the PK portion of the scientific bridge between LA-EP2006, Neulasta US, and 
Neulasta EU. There were no new safety concerns identified upon clinical review of the BLA re-
submission.

In addition, The Office of Study Integrity and Surveillance (OSIS) investigated the clinical study 
site at Celerion Tempe, AZ and found that the blinding codes were not available and accurate 
dosing of 59 subjects could not be confirmed. However, re-analyses of PK data (after excluding 
patients from Tempe site) did not change overall conclusion of PK similarity.
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Recommendation

The clinical review team recommends approval of LA-EP2006 based on demonstration of PK 
similarity between LA-EP2006 and US-licensed Neulasta as per Clinical Pharmacology’s 
assessments and review of BLA 761045 SDN 49.
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Cross Discipline Team Lead (CDTL) Review
Date June 9, 2016
From Albert Deisseroth, MD, PhD

Subject CDTL Review

BLA Number 761045

Applicant Sandoz

Date of Submission August 27, 2015

BSUFA Goal Date June 26, 2016

Proprietary Name/Trade Name LA-EP2006/Ziextenxo

Dosage Regimen 6 mg/0.6 mL PFS

Approved Indications To decrease the incidence of infection, as manifested by febrile 
neutropenia, in patients with non-myeloid malignancies receiving 
myelosupppressive anti-cancer drugs associated with a clinically 
significant incidence of febrile neutropenia

Recommendation: Complete Response

Material Reviewed/Consulted Reviewer/Author
Medical Officer Review Patricia Dinndorf, MD
Clinical Pharmacology Xianhua (Walt) Cao, Bahru Habtemariam, and 

NAM Atiqur Rahman, PhD
Biostatistics Yun Wang, PhD, and Lei Nie, PhD
Pharmacology/Toxicology Pedro Del Valle, PhD, Christopher M Sheth,

PhD, and John Leighton, PhD
Immunogenicity Patrick Lynch, PhD, and Susan Kirshner, PhD
CMC Statistics Xiaoyu Dong, PhD, Meiyu Shen, PhD, and Yi 

Tsong, PhD 
OPQ/OPF/DMA/Branch IV Bo Chi, PhD, Anita Khatiwara, PhD, Colleen 

Thomas, PhD, Lakshmi Narasimhan, PhD and 
Natalia Pripuzova, PhD and Patricia Hughes, 
PhD

Chemistry Manufacturing and Controls Patrick Lynch, PhD, Christopher Downey,
PhD, and Steven Kozlowski, MD

OC/OMQ/DDQ1/GCB2 Michael Shanks and Victor R Gaines
OSI/DCCE/GCPAB Anthony Orencia, MD, Janice Pohlman, MD 

and Kassa Ayalew, PhD
Project Manager Rachel McMullen
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1. EXECUTIVE SUMMARY: (This section was derived in part from the review of Dr. Patricia 
Dinndorf. For details, please see her review). 

On August 27, 2015, Sandoz submitted Biologics License Application (BLA) 761045 for LA-
EP2006 (Ziextenzo), under section 351(k) of the Public Health Service Act. LA-EP2006 is a 
proposed biosimilar to US-licensed Neulasta, and Sandoz is seeking licensure of LA-EP2006 for 
the same following indication for which the reference product, US-licensed Neulasta is 
approved: 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. 

Status of Issues Identified During the Review of BLA 761045:

Analytical Similarity Exercise (OBP): 
Direct analytical comparison of LA-EP2006 and US-licensed Neulasta supports the 
determination that the products are highly similar.  The hypothesis of the Sponsor that product-
related variants (more in the reference product than in LA-EP2006) could explain the PK 
difference observed in the PK/PD similarity study (see below) is not adequately supported by the 
presented evidence.

Immunogenicity (OBP): Supports a finding of no clinically meaningful differences.

Drug Product Microbiology (OPQ): 
Several issues (see below) arose from the  inspection of the manufacturing 
site that are unresolved at this time. These will lead to a recommendation for a complete 
response action.

These issues are as follows: 
1. Discrepancies were identified in media fill data reviewed during the pre-license inspection 
versus the media fill data that was provided in the BLA. Sandoz has committed to update the 
BLA with the correct information and data. 
2. Currently, there are insufficient media fill data to support the proposed filling time 
limit for production. This may be resolved by: a. shortening the production time limit for  
filling until the proposed time limit has been appropriately validated and b. performing additional 
media fills to validate the proposed time limit. 
3. GMP Deficiencies related to media fills were cited during the GMP and pre-license inspection 
of the drug product manufacturing site. On the basis of these deficiencies, OPQ will recommend 
CR.

Facilities Review/Inspections (Office of Compliance): An OAI/WL was issued on 08/06/2015 
for the  manufacturing facility ; this site was re-inspected between 

. Deficiencies  
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 were still found at the  site in  
Office of Compliance (OC) staff analyzed the response of Sandoz to the deficiencies discovered 
at the  site in and decided to downgrade the OAI to VAI for the 483 warning 
letter issued about the  site. The plan going forward is that OC will work with the 
Applicant to resolve these deficiencies.

Nonclinical (DHOT): The results of the single-dose neutropenic rat PK/PD study demonstrate 
higher exposures to LA-EP2006 are achieved at low dose 
when compared to EU-approved Neulasta (EU-Neulasta) in a single dose PK study in rats.
However, similar exposures to LA-EP2006 and EU-Neulasta are achieved at the higher (140 

when 
samples immediately following the first administration are analyzed, the trend to higher AUC 
with LA-EP2006 than with EU-Neulasta was not seen again at low dose levels of growth factors. 
In addition, following repeated administration, similar toxicity profiles are observed in naïve rats 
given dose level-matched LA-EP2006 or EU-Neulasta. The reasons for these inconsistencies are 
not known. 

Clinical Pharmacology (CP): A three-way parallel arm comparison in a clinical PK/PD 
similarity study of LA-EP2006, US-licensed Neulasta and EU-Neulasta for both AUC and Cmax 
failed to demonstrate PK similarity although PD (ANC) similarity was demonstrated. The Office 
of Clinical Pharmacology has recommended a Complete Response.

Clinical Efficacy and Safety (DHP): Two Phase 3 comparative clinical studies in breast cancer 
patients provide support for a finding of no clinically meaningful differences between LA-
EP2006 and EU-Neulasta as measured by the duration of severe neutropenia. However, because 
the sponsor was unable to demonstrate PK similarity between LA-EP2006, EU-Neulasta, and 
US-licensed Neulasta within the pre-specified acceptance criteria, the sponsor has not been able 
to adequately establish the PK component of the scientific bridge to justify the relevance of these
comparative clinical data obtained using EU-Neulasta to support a determination of biosimilarity
to US-licensed Neulasta.

Regulatory Recommendation of the CDTL Reviewer: The study LA-EP06-101 
“Pharmacokinetic and pharmacodynamic comparison of LA-EP2006 with the reference product 
Neulasta® (EU [European Union] – approved Neulasta and US-licensed Neulasta) after single 
dose subcutaneous (SC) application in healthy subjects” failed to confirm the pair-wise PK 
similarity of LA-EP2006, EU-Neulasta, and US-licensed Neulasta. Sandoz has not adequately 
justified how their PK results support a demonstration of PK similarity. Therefore, the
recommendation of the CDTL Review is that BLA 761045 not be approved. 

2. BACKGROUND: (This section was derived in part from the review of Dr. Patricia Dinndorf. 
For details, please see her review).

EP2006 acts on hematopoietic cells by binding to specific cell surface receptors for G-CSF.
Signaling through the receptor affects neutrophil progenitor proliferation‚ differentiation, and 
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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.

3. CHEMISTRY MANUFACTURING AND CONTROLS (CMC):

3.A.  CMC (Analytical Similarity Exercise): (This section was excerpted from the review of
Dr. Patrick Lynch. For details, please see his review).

Results of the Analytical Similarity Exercise:
1. Overview of Analytical Similarity: Analytical similarity between LA-EP2006 and 

U.S.-licensed Neulasta was evaluated using a tier-based approach. The evaluation included 
potency, protein content, primary structure, higher-order structure, and product-related variants 
(see Appendix 1). Sandoz included clinical and commercial scale lots in the analyses, and FDA 
independently analyzed the statistics for Tier 1 and Tier 2 attributes. Review of physicochemical 
data supports that the products are highly similar with respect to protein structure, pegylation, 
and in vitro bioactivity. There are minor differences in product-related species that may be 
present in higher quantities (up to ~2% for some species) in the reference product than in LA-
EP2006.   

Due to the observed differences in PK exposure for LA-EP2006 and U.S.-licensed Neulasta, the 
OBP review team further considered potential sources of unseen product-related differences that 
may contribute to the PK outcome. Drug ingredients (e.g. PEG and G-CSF), manufacturing 
processes, formulation, product administration, detectability in ELISA, and breadth of the 
analytical similarity methodology were considered. For each product attribute, its potential to 
impact PK and associated risk based on analytical results was considered. 

2. Analytical Similarity Assessment: LA-EP2006 is a conjugate of a 20 kDa 
polyethylene glycol (PEG) moiety covalently linked to the N-terminus of recombinant human G-
CSF. It is publicly known that U.S.-licensed Neupogen is the G-CSF starting material for US-
licensed Neulasta and EU-Neulasta (Piedmonte, D.M., and M.J. Treuheit, 2008, Adv. Drug 
Deliver. Rev., 60:50-58). In 2015, FDA approved Sandoz’s application for Zarxio as a biosimilar 
to Neupogen.  

 
Direct 

analytical comparison of LA-EP2006 and Neulasta suggest that the products are highly similar 
with respect to primary sequence, secondary structure, tertiary structure, target receptor binding 
affinity, and in vitro bioactivity of the proteins (see Table 1 below).   

Direct comparison of PEG starting material between products is not possible because Sandoz 
does not have access to the PEG used to produce Neulasta. The sponsor believes that methods to 
decouple PEG from peglyated protein introduce the risk for uninterpretable or misleading results 
due to changes in the molecule. Therefore, PEG attributes with potential to impact product 
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performance in vivo (molecular weight, polydispersity, linkage site, and linkage chemistry) were 
compared at the level of the fully conjugated protein by mass spectrometry. No differences in 
PEG were identified, and variants of the intact pegylated proteins attributable to expected 
variations in the size of the PEG polymers were essentially superimposable between the products. 

 
 Additionally, we note that 

the same basic chemistry of site-directed conjugation of PEG to the N-terminus of G-CSF via 
reductive alkylation with 20 kDa PEG-aldehyde used for LA-EP2006 is reported in the literature 
for Neulasta (Molineux, G. 2004). Pharm. Des., 10:1235-1244). We have concluded that the 
PEG moieties of the molecules are similar, and the risk for PK differences due to dissimilarity in 
PEG is considered low. 

The analytical similarity methods described in Table 1 were reviewed and considered adequate 
to detect differences in higher order structure, potency, and impurities that may result from 
manufacturing differences. Potential differences in protein concentration and dose administration 
were also considered. No deficiencies were identified. 

3. Evaluation of Product Attributes with Potential to Impact PK: The only clear 
difference between the products revealed by analytical characterization is that higher levels of 
product-related variant species (Di-PEG-GCSF, wrongly-pegylated G-CSF, non-pegylated G-
CSF, aggregates/oligomers, oxidized G-CSF, and de-amidated G-CSF) are consistently observed 
in Neulasta relative to LA-EP2006. Such variants are typical of therapeutic proteins and are 
minimized as much as possible by manufacturing processes, product formulations, and product 
storage conditions, but residual levels in the final product are always present and often increase 
during long term storage. Because the analytical methods used to measure protein content detect 
all protein species present, the labeled doses of both Neulasta and LA-EP2006 include low levels 
of product-related variants.

In clinical lots used for PK/PD studies, approximately 4.4-5.8% higher cumulative variant 
content was measured for Neulasta lots compared to LA-EP2006 lots as described in Table 2.
The primary mechanism of clearance of PEG-G-CSF is uptake of the receptor-bound protein into 
neutrophils, which is also the mechanism by which the molecule stimulates neutrophil 
proliferation. These mechanisms lead to a complex relationship between dose and PK. Sandoz’s 
position is that the product-related variants are either biologically inactive and thus affect PK, or 
the variants are not fully detected by the ELISA assay used to assess PK, or both. The Applicant
proposes these effects result in an effectively lower dose of active ingredient in each Neulasta 
syringe compared to LA-EP2006. Published PK/PD models support a non-linear relationship 
between dose and PK, such that small differences in content cause much larger effects on PK 
(Roskos, L.K., et al., 2006, J. Clin. Pharmacol., 46:747-57). Based on this non-linear PK model, 
Sandoz hypothesizes that the 4.4-5.8% difference in product variants may account for 
approximately 11% of the observed difference in PK (see Table 2).

The hypothesis that small differences in inactive or reduced activity components could have 
relatively larger effects in vivo is plausible. The estimate of an 11% PK effect from the 
cumulative differences in product-related variants assumes that all of the identified variants 
differ significantly from the main protein in their bioactivity or detectability by the PK assay. 
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However, the effects of many of the product related variants on PK are not characterized, and 
several variants (e.g. oxidized G-CSF, de-amidated G-CSF) are fully or nearly fully active in 
vitro and have little effect on the detectability of the products by the PK ELISA assay. Such 
variants would not be predicted to affect PK. Thus, the sponsor’s hypothesis is speculative and is 
not adequately supported by experimental evidence. In the absence of more definitive 
experimental evidence, a product-related root cause for the PK difference can neither be 
confirmed nor ruled out. We also note that if the underlying cause of the observed PK 
differences is proven to be that the proposed biosimilar is purer than Neulasta with respect to 
product-related variants, we do not recommend addressing the PK issue by asking the sponsor to 
modify its manufacturing process to introduce higher levels of variants to more closely match 
those of the reference product.           

CMC Table 1. Tier assignments and methods used to evaluate analytical similarity 

Quality Attribute Methods Tier 
Assignment

Potency (bioactivity) In vitro proliferation assay using 
murine myelogenous leukemia (NFS-
60) cell line

1

Target binding Surface Plasmon Resonance 3
Protein content UV-absorbance spectroscopy 1
Primary structure Peptide mapping with UV detection

Peptide mapping with MALD-MS/MS 
(pegylation site)
MALDI-TOF-MS (polydispersity)
SEC-MALLS
AF4-MALLS

3

Higher order structure 1D-{1H}-NMR spectroscopy
2D-{1H-15N}-NMR spectroscopy
Far and near UV circular dichroism
Hydrogen/deuterium exchange
FT-IR

3

Muli-pegylated G-CSF RP-HPLC 3
Di-pegylated G-CSF RP-HPLC 2
High-molecular 
variants/dimers/aggregates

SE-HPLC 2

Sub-visible particles Micro-flow imaging
Dynamic light scattering

3

Oxidized variants RP-HPLC 3
Non-pegylated G-CSF SE-HPLC 3
Polydispersity MALDI-MS

ESI-LC-MS
3

Deamidation RP-HPLC
CEX-HPLC

3

Wrongly pegylated variant CEX-HPLC 3
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CMC Table 2. Potential impact of product-related variants on PK

Variant Difference in 
Neulasta levels 
compared to LA-
EP2006 for clinical 
lots (method)1

Evaluation of risk for variant to 
impact PK2

Sponsor’s estimate 
of PK effect on 
Neulasta compared 
to LA-EP20063

Di-pegylated species 0.3-0.4% higher 
(RP-HPLC)

High risk: lowers in vitro 
activity, increases half-life, 
lowers ELISA detectability

0.8% lower 

Wrongly-pegylated 
species

0.4%-0.6% higher 
(CEX)

Low risk: No impact expected 
based on animal studies 

No effect

Unpegylated G-CSF 0.1-0.2% higher 
(SEC)

High risk: Greatly reduced half-
life (renal clearance)

3% lower 

Aggregate/oligomer 
species

1.0-1.2% higher  
(SEC)

Moderate-to-high risk: Impact 
poorly understood. May affect 
bioavailability, likely affects 
receptor binding

2.3% lower if 
decreases 
bioavailability; 
higher exposure if 
lowers neutrophil-
mediated clearance 

Oxidized species 0.5-0.7% higher  
(RP-HPLC)

Moderate risk: Lowers ELISA 
detectability, slightly lowers in 
vitro activity

0.2% lower

Deamidated species 2.4-2.6% higher 
(RP-HPLC)

Low-to-moderate risk: No 
effect on ELISA detectability 
or in vitro potency; Sponsor 
hypothesizes may increase in 
vivo protein breakdown

4.9% lower

Sum of all variants 4.4-5.8% higher 
content in Neulasta

Di-pegylated, unpegylated 
variants known to affect PK. 
Other variants’ effects not well 
characterized

Up to 11.2% lower 
exposure for 
Neulasta

1Values represent differences in individual variant content measured in Neulasta clinical lots relative to LA-EP2006 clinical lots (i.e. “higher” 
means Neulasta has higher levels than LA-EP2006).
2Risk assessments determined by OBP review team from data available in the 351(k) application BLA 761045 and publically available literature.
3Sponsor’s estimate of the difference in observed AUC for Neulasta compared to LA-EP2006 contributed by each variant, based on assumptions 
from non-linear PK models and predictions for how each variant impacts the effective dose; “lower” means the sponsor estimates PK for 
Neulasta will be lower than LA-EP2006 by the stated % due to the measured difference in the level of a variant. 

Regulatory Recommendation of the Analytical Similarity Review Team: Approval

3.B. Immunogenicity CMC (OBP): (This section was excerpted from the review of Dr. Patrick 
Lynch. Please see his review for details).

The available evidence supports a finding of no clinically meaningful differences between LA-
EP2006 and the comparator EU-Neulasta product with respect to immunogenicity. The 
Applicant monitored immunogenicity in two Phase III, multi-dose, parallel arm studies in the 
clinical breast cancer patient population. The design of the studies was appropriate to assess 
immunogenicity. The Applicant validated an ELISA bridging method to screen for and confirm 
anti-drug antibody (ADA) in patient serum, and a cell-based assay to test for neutralizing activity 
of ADA. The methods were appropriate to evaluate ADA incidence, specificity, and neutralizing 
activity. In total, 6 out of 314 patients were identified as positive for ADA after treatment with 
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LA-EP2006 as compared to 5 out of 310 patients treated with EU-Neulasta. No patients in either 
treatment group developed ADA with G-CSF specific neutralizing activity. The difference in 
post-administration ADA incidence between groups is within 1%, supporting the conclusion that 
there is no clinically meaningful difference between LA-EP2006 and the EU-Neulasta 
comparator product.

All multi-dose immunogenicity studies conducted in the breast cancer patient population used 
EU-Neulasta as the comparator product. In addition, a single-dose, parallel arm study comparing 
immunogenicity between LA-EP2006, US-licensed Neulasta, and EU-Neulasta in healthy 
volunteers provides supporting information, but does not allow for evaluation of immunogenicity 
risk upon repeat dosing. The validity to support a finding of no clinically meaningful difference 
in immunogenicity based on data obtained using EU-Neulasta as a comparator is contingent on 
demonstration of a scientific bridge, including analytical and clinical components, between EU-
Neulasta and US-licensed Neulasta. The sponsor has established an analytical bridge between the 
US-licensed Neulasta and the EU-Neulasta. Use of immunogenicity results from the cancer 
patient studies is contingent on the demonstration of a bridge from a pharmacokinetics 
perspective, as determined by the Clinical Pharmacology review team.

Regulatory Recommendation of the Immunogenicity Review Team: The available evidence 
supports a finding of no clinically meaningful differences between LA-EP2006 and the 
comparator EU-Neulasta product with respect to immunogenicity. The Applicant has established 
analytical similarity between the US-licensed Neulasta and the EU-Neulasta. Approval is 
recommended, contingent on the demonstration of a pharmacokinetics bridge to justify
leveraging of clinical data from patients treated with EU-Neulasta.

3.C. Drug Substance Microbiology CMC (OPQ): (This section was excerpted from the review 
of Dr. Bo Chi. Please see her review for details).

No major deficiencies were uncovered during the Drug Substance Review.

Regulatory Recommendation: On the basis of this review, the Drug Substance Review Team 
recommends approval.

3.D. Drug Product Microbiology CMC (OPQ): (This section was excerpted from the review 
of Dr. Bo Chi. Please see her review for details.).

The following deficiencies were uncovered during the Drug Product Review:

Deficiencies:
1. The maximum duration for 

media fills. Provide media fill data from three successful runs, which should include 
representative manipulations and interventions conducted during an LA-EP2006 drug 
product filling process. Specify the container-closure system used in media fill 
simulations.

Reference ID: 3944214
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2. Insufficient data was provided to support the requalification strategy for  
. Respond to 

the following comments and update section 3.2.P.3.5 of the BLA file accordingly.
a.

b.

3. Insufficient microbial challenge data was provided for  
validation studies which were described in amendment 0024 (Module 1.2, Annex 01). 
Respond to the following comments and update section 3.2.P.3.5 of the BLA file 
accordingly.

a.

b.

c.

d.

4. The method validation study for the dye ingress container closure integrity (CCI) test 
method is not adequate because a vial instead of a prefilled syringe (PFS) was used as the 
positive control. Conduct a new CCI qualification study for the LA-EP2006 drug product 
PFS using a method that is sufficiently sensitive to detect breaches that could allow 
microbial ingress (<20 μm or smaller) using compromised syringes as positive controls. 
Routine dye ingress CCI testing should include at least one compromised PFS unit as a 
system suitability control.
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5. Insufficient data from the simulated air transportation study was provided
 

 
In addition, the study parameters were not fully described. Provide summary 

data demonstrating  
during worst-case air transportation conditions. In 

addition, provide the study protocol, the study report, and justification for the study 
acceptance criteria.

Regulatory Recommendation: On the basis of these deficiencies, the Drug Product Review 
Team recommends a Complete Response.

4. PHARMACOLOGY/TOXICOLOGY: (This section was based on the reviews of Dr. Pedro 
Del Valle and Dr. Christopher M. Sheth. For details, please see their reviews.)

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-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 
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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-Neulasta.  Analytical bridging studies 
(see CMC review) comparing LA-EP2006, EU-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-Neulasta. Exposures to the 
drugs were variable, with values for area under curve (AUC) and maximum serum concentration 
(Cmax) for LA-EP2006 being higher then 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-Neulasta in some animal studies at less than clinically relevant dose levels 
leaves residual uncertainty as to the true similarity of the products.

Brief Discussion of Nonclinical Findings:

The nonclinical data submitted to the BLA provided evidence that LA-EP2006 is similar to EU-
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.

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 
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drugs had similar toxicity profiles. Dose- and time-related increases in white blood cells, notably 
kg LA-EP2006 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 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 

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 wi -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 lower number of rats treated with 
LA-EP2006 (28) compared to EU-Neulasta (42) tested positive for antibodies against 
Pegfilgrastim. 

Local tolerance of LA-EP2006 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 graphic comparison 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.  
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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) 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). 

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. Increase in exposure was 
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 

higher incidence of external malformations malrotated forepaws, omphalocele, cleft palate and 
-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 

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 the EU-approved comparator product Neulasta. 

Regulatory Recommendation of the Pharmacology/Toxicology Reviewer: 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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5. CLINICAL PHARMACOLOGY: (This section was excerpted from the reviews of Dr. Walt 
Cao and Dr. Bahru Habtemariam. For details, please see their reviews.).

Executive Summary:

To support the 351 (k) Biologics License Application (BLA) for ZIEXTENZO (LA-EP2006)) as 
a biosimilar to US-licensed Neulasta (licensed under BLA 125031 by Amgen Inc.), the 
Applicant submitted data from two clinical studies that included pharmacokinetic (PK) and  
pharmacodynamic (PD) similarity assessments in healthy subjects and in patients with breast 
cancer. 

Study LA-EP06-101 was a single dose PK and PD study in healthy subjects (N=279, 93/arm) 
that compared the PK and PD of LA-EP2006, US-licensed Neulasta, and EU-Neulasta in a 3-arm 
parallel study design following the administration of 6 mg subcutaneous dose. The pre-specified 
PK and PD similarity criteria were that the 90% confidence interval (CI) of the geometric mean 
ratio (GMR) of the test and the comparator products in pairwise comparisons should be within 
the 80 to 125% range. 

A second study, LA-EP06-302 compared the efficacy, safety, and PK of LA-EP2006 and EU-
Neulasta in 308 breast cancer patients. In this study, PK data were collected in a sub-set of 58 
patients to compare the PK between LA-EP2006 and EU-Neulasta.

All three pairwise PK comparisons for both AUC and Cmax in the single dose PK/PD study LA-
EP06-101 failed to meet the pre-specified assessment criteria. The upper bounds of the 90% CI 
for both Cmax and AUC were over 125% acceptance range upper limit. The 90% CI of the three 
pairwise PD comparisons (i.e., absolute neutrophil counts (ANC)), were within the 80 to 125% 
range, meeting the pre-specified similarity criteria. 

Although PK assessment in study LA-EP06-302 was intended to be supportive, the PK data 
showed unusually high GMR between LA-EP2006 and EU-Neulasta. Furthermore, when LA-
EP2006 was compared to either US-licensed Neulasta or EU-Neulasta, there was high AUC 
GMR both in animal and human studies. The data show a trend toward higher exposure of LA-
EP2006 when compared to US-licensed Neulasta and EU-Neulasta (Table 4).  

Table 4. Cross study comparison of LA-EP2006 PK similarity assessments

Study Subjects Comparison
Geometric Mean Ratio (90% CI)
AUC0-inf
(ng*h/mL)

Cmax
(ng/mL)

Pivotal 
PK/PD 
Study
LA-EP06-
101

Healthy 
subjects

LA-EP2006 vs EU 
Neulasta 111 (90 – 136) 102 (81 - 127)

LA-EP2006 vs US-
licensed Neulasta 115 (92 – 142) 107 (85 -136)

EU Neu vs US Neulasta 104 (84 – 129) 106 (85 - 132)
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Supportive 
PK/PD 
Study
LA-EP06-
302

Breast Cancer 
Patients

LA-EP2006 vs EU 
Neulasta 121 (96 -180) 123 (85 -179)

Supportive *
(Rat 
PK/PD )

Neutopic Rats LA-EP2006 vs EU 
Neulasta 1.20  (NA) 1.27 (NA)

*rat study: 4 μg/kg dose

After examination of the submitted human and animal PK and PD data, the Clinical 
Pharmacology review team concluded that Applicant failed to demonstrate PK similarity 
between LA-EP2006, US-licensed Neulasta, and EU-Neulasta.

Regulatory Recommendations:

The pharmacokinetic similarity assessment is a critical element in the demonstration of 
biosimilarity of a proposed biosimilar product to the reference product. The clinical PK and PD 
study has not demonstrated PK similarity between the proposed biosimilar product and US-
licensed Neulasta. The Office of Clinical Pharmacology, Division of Clinical Pharmacology V
recommends non-approval of the application.  

Recommendation to the Applicant:

1. We recommend that the Applicant conduct further root cause analyses to identify factors that 
may have led to the inability to demonstrate PK similarity. 

2. Once the root causes are identified, the Applicant should conduct a feasibility assessment to 
determine whether developing LA-EP2006 as a proposed biosimilar product under section 
351(k) of the PHS Act is still a viable option for licensure of LA-EP2006.

3. If the results of the feasibility assessment are supportive of continued development of LA-
EP2006 as a proposed biosimilar to US-licensed Neupogen, the Applicant should consider
conducting an adequately designed study to demonstrate PK and PD similarity of LA-
EPO2006 and US-licensed Neulasta in healthy subjects. The Applicant should consider a
cross-over study with a sample size estimation based on the expected mean AUC and Cmax 
differences and publicly available PK variability of pegylated G-CSF.

4. Alternatively, the applicant may consider developing LA-EP2006 to be submitted under 
Section 351(a) of the PHS Act.

6. EFFICACY FROM CLINICAL AND STATISTICS: (This section is excerpted from the
reviews of Dr. Patricia Dinndorf and Dr. Yun Wang. For details, please see their reviews.)

Sandoz submitted data on two randomized controlled studies (LA-EP06-301 and LA-EP06-302) 
in which the safety and efficacy of LA-EP2006 was compared to EU-Neulasta in the setting of 
chemotherapy of patients with breast cancer.
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It was planned to randomize 151 patients in each of the treatment groups in a 1:1 ratio in both 
studies LA-EP06-301 and LA-EP06-302. In Study LA-EP06-301, randomization was stratified 
by chemotherapy category (adjuvant or neo-adjuvant) and region (geographically located in 
Europe, Asia, or America). Study LA-EP06-302 had an ECG/PK sub-study planned in a subset 
of 50 patients. Randomization for patients who did not take part in the ECG sub-study was 
stratified by chemotherapy category (adjuvant or neo-adjuvant) and region (US, Asia, and ‘rest 
of world’). Patients who took part in the sub-study were stratified by chemotherapy category and 

A total of 316 patients were enrolled and treated in Study LA-EP06-301 between 28 June 2012 
and 07 September 2013 from 38 sites in 6 countries. Last patient last visit for 6-month follow-up
was 11 February 2014. The original protocol for Study LA-EP06-301 was dated 21 October 
2011, and the latest version was Amendment 2 dated 03 September 2012. A total of 308 patients 
were enrolled and treated in Study LA-EP06-302 between 05 March 2012 and 25 November 
2013 from 52 sites in 8 countries. Last patient last visit for 4-week follow-up was 04 December
2013. The original protocol for Study LA-EP06-302 was dated 22 July 2011, and the latest 
version was Amendment 3 dated 10 May 2012.

Primary Endpoint:
The primary efficacy endpoint was the mean DSN in Cycle 1. The DSN was set to 0 in patients 
who did not experience severe neutropenia in Cycle 1. In patients who experienced several 
episodes of severe neutropenia, the number of days for each episode was summed up.

Secondary endpoints:
Incidence of febrile neutropenia
Fever episode
Depth and time of ANC nadir in cycle 1
Time to ANC recovery (> 2*109/L)
Frequency of infection
Mortality due to infection

9/L for all time points after administration of chemotherapy the time was 
set to 0 day. The incidence of FN was calculated as the number of patients with at least one 
episode of FN divided by the number of patients at risk in a given time interval (in each cycle the 
period between Day 2 to Day 15 was considered for the analysis). FN was defined as having both 

C and an ANC < 0.5 × 109/L on the same day. 

Statistical Methodologies:
The primary efficacy endpoint was analyzed using an analysis of co-variance (ANCOVA) with 
treatment group, kind of chemotherapy and baseline ANC value as a covariate. The mean DSN 
in each treatment group and the difference of means will be presented as well as the 90% 
confidence limit of the difference between mean DSNs in each treatment group. Equivalence will 
be concluded, if the confidence interval lies entirely within the equivalence margins of ± 1 day.
Secondary endpoints were analyzed with descriptive statistics.
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The equivalence limit of ±1 day was chosen based on the fact that TAC chemotherapy is known 
to induce a median DSN of seven days in breast cancer patients receiving no G-CSF treatment, 
while G-CSF treatment reduces the mean DSN for this chemotherapy to 1.4 days (Nabholtz JM 
et al, J Clin Oncol 2001: 19: 314-321; Nabholtz JM et al. Clin Breast Cancer 2002; 3: 268-75). 
Therefore, a non-inferiority limit of -1 day preserves approximately 80% of the treatment effect 
of Neupogen®. Moreover, in the Amgen studies conducted to support the approval of the long-
acting rh-G-CSF Neulasta®, a single dose of pegfilgrastim (Neulasta®) was compared to daily 
administrations of filgrastim (Neupogen®) with a non-inferiority margin of -1 day for the 
duration of Grade 4 neutropenia in breast cancer patients treated with myelosuppressive 
chemotherapy (Holmes FA et al. J Clin Onc 2002; 20:727-773; Green MD et al. Annals of 
Oncology 2003; 14: 29-35). This limit was accepted by both the Food and Drug Administration 
(FDA) and the European Medicines Agency (EMA) for the registration of Neulasta®. A limit of 
-1 day was also accepted by the EMA during the Scientific Advice procedure for the 
development of LA-EP2006 as a biosimilar to EU-Neulasta. This 1-day difference in DSN would 
be anticipated to result in approximately a 10% difference in febrile neutropenia, which is 
considered not clinically meaningful difference in FN incidence.

Sample Size Calculation:
The following assumptions are made for the sample size determination:

Equivalence limit: ±1 day
Expected difference in the means: 0 days
Common standard deviation: 1.6 days
Power: 90%
Significance level: 2.5% (two-sided 95% confidence intervals)
Randomization ratio: 1:1 (LA-EP2006:EU-Neulasta)

Then, 302 evaluable patients are sufficient to achieve at least 90% power for testing equivalence 
with respect to a margin of ± 1 day using a two one-sided test procedure (TOST) for equivalence 
in means where each test is performed at the 2.5% level.

LA-EP06-301: Clinical Trial Title: “A randomized, double-blind, parallel-group, multi-
center Phase 3 comparative study investigating efficacy and safety of LA-EP2006 and 
Neulasta in breast cancer patients treated with myelosuppressive chemotherapy”

Dose of Growth Factor: 6 mg in 6 ml of pegfilgrastim (LA-EP2006 or EU-Neulasta)
Route: subcutaneous
Schedule: single dose day 2 at least 24 hours after last chemotherapy 

TAC chemotherapy was used to treat breast cancer (see Table 5 below). The days of severe 
neutropenia without growth factor with TAC chemotherapy is 7 days and with growth factor 
support is 2 days for an effect size of 5 days.

Table 5: LA-EP06-301 TAC Chemotherapy
TAC Chemotherapy

Drug Order of 
Administration Dose Day Given

Docetaxel (Taxotere) 3 75 mg/m2 Day 1
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Doxorubicin (Adriamycin) 1 50 mg/m2 Day 1
Cyclophosphamide (Cytoxan) 2 500 mg/m2 Day 1

The schema for the LA-EP06-301 is presented below in Figure 2.

Figure 2: LA-EP06-301 Trial Schema

Primary endpoint:
The primary analysis of primary endpoint, duration of severe neutropenia (DSN), for Study LA-
EP06-301 is summarized in Table 6. Mean DSN in Cycle 1 was 0.75 days in patients treated 
with LA-EP2006 and 0.83 days in patients treated with EU-Neulasta. DSN ranged from 0 to 3 
days (LA-EP006) and from 0 to 4 days (EU-Neulasta), respectively. The difference in mean 
DSN was -0.07 days and the corresponding 90% confidence interval was (-0.24, 0.10) which lies 
within the ±1 day equivalence margin.

Table 6: Primary analysis for duration of severe neutropenia (DSN) in Cycle 1 – FAS, 
Study LA-EP06-301

LA-EP2006
(N=159)

EU-Neulasta
(N=157)

N 155 155
Mean (SD) 0.75 (0.88) 0.83 (0.90)
Median 1.0 1.0
Range (0.0, 3.0) (0.0, 4.0)
Difference in mean (90% CI) -0.07 (-0.24, 0.10)
DSN Categorical, n (%)
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0 77 (49.7) 68 (43.9)
1-2 72 (46.4) 79 (51.0)

6 (3.9) 8 (5.2)

Conclusion: The study supports a conclusion of no clinically meaningful differences on the
endpoints as shown in Table 6 above.

LA-EP06-302:  Clinical Trial Title: “Pivotal study in breast cancer patients investigating 
efficacy and safety of LA-EP2006 and EU-Neulasta”. The dose for LA-EP06-302 was 6 mg in 
6 ml of pegfilgrastim (LA-EP2006 or EU-Neulasta), subcutaneous as a single dose day 2 at least 
24 hours after last chemotherapy. TAC chemotherapy was used in the EP06-302 trial as shown 
below in Table 7.

Table 7: LA-EP06-302 TAC Chemotherapy
TAC Chemotherapy

Drug Order of 
Administration Dose Day Given

Docetaxel (Taxotere) 3 75 mg/m2 Day 1
Doxorubicin (Adriamycin) 1 50 mg/m2 Day 1
Cyclophosphamide (Cytoxan) 2 500 mg/m2 Day 1

The schema for the EP06-302 trial is shown below in Figure 3.

Figure 3
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The primary analysis of primary endpoint duration of severe neutropenia (DSN) for Study LA-
EP06-302 is summarized below in Table 8. Mean DSN in Cycle 1 was 1.36 days in patients 
treated with LA-EP2006 and 1.19 days in patients treated with EU-Neulasta. DSN ranged from 0 
to 6 days (LA-EP006) and from 0 to 4 days (EU-Neulasta), respectively. The difference in mean 
DSN was 0.16 days and the corresponding 90% confidence interval was (-0.04, 0.37) which lies 
within the ±1 day equivalence margin. 

Table 8: Primary analysis for duration of severe neutropenia (DSN) in Cycle 1 – FAS, 
Study LA-EP06-302

LA-EP2006
(N=155)

EU-Neulasta
(N=153)

N 151 149
Mean (SD) 1.36 (1.13) 1.19 (0.98)
Median 1.0 1.0
Range (0.0, 6.0) (0.0, 4.0)
Difference in mean (90% CI) 0.16 (-0.04, 0.37)
DSN Categorical, n (%)
0 42 (27.8) 40 (26.9)
1-2 89 (58.9) 95 (63.8)

20 (13.2) 14 (9.4)

Reviewer’s comment:
Eight patients (4 from each treatment arm) were not included in efficacy analysis due to 
blind date review meeting (BDRM) decision because no ANC profiles available.
Both studies LA-EP06-301 and LA-EP06-302 support that LA-EP2006 is similar to EU-
Neulasta in terms of efficacy.

We believe that the equivalence margin of 1 day is consistent with the data published by 
Nabholtz et al. (Nabholtz JM et al. J Clin Oncol 2001; 19: 314-321; Nabholtz JM et al. Blin 
Breast Cancer 2002; 3: 268-275). 

Secondary Endpoints:
Descriptive statistics were summarized for secondary endpoints. In both studies, there were no 
marked differences between two treatment arms in the analysis results for secondary endpoints.

Incidence of Febrile Neutropenia:
In Study LA-EP06-301, 21 (6.6%) patients (LA-EP2006: 5.7%; EU-Neulasta: 7.6%) experienced 
at least one episode of febrile neutropenia across all cycles.
In Study LA-EP06-302, 36 (11.7%) patients (LA-EP2006: 10.3%; EU-Neulasta: 13.1%) 
experienced at least one episode of febrile neutropenia across all cycles.

Fever Episode:
In Study LA-EP06-301, 52 (16.5%) patients (LA-EP2006: 16.4%; EU-Neulasta: 16.6%) 
experienced at least one episode of fever across all cycles.
In Study LA-EP06-302, 67 (21.8%) patients (LA-EP2006: 20.6%; EU-Neulasta: 22.9%) 
experienced at least one episode of fever across all cycles.
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Depth and Time of Absolute Neutrophil Count (ANC) Nadir in Cycle 1:
In Study LA-EP06-301, the mean (SD) depth of ANC nadir in cycle 1 was 1.12 (1.55) for 
patients in LA-EP2006 arm and 0.94 (1.19) for patients in EU-Neulasta arm.
In Study LA-EP06-302, the mean (SD) depth of ANC nadir in cycle 1 was 0.49 (0.72) for 
patients in LA-EP2006 arm and 0.44 (0.57) for patients in EU-Neulasta arm.

Time to Recovery of ANC Nadir:
In Study LA-EP06-301, the mean (SD) time to recovery from ANC nadir were 1.58 (1.05) days 
and 1.72 (1.10) days, for EP2006 and EU-Neulasta, respectively.
In Study LA-EP06-302, the mean (SD) time to recovery from ANC nadir were 2.11 (0.89) days 
and 2.04 (0.95) days, for EP2006 and EU-Neulasta, respectively.

Frequency of infection:
In Study LA-EP06-301, 46 (14.6%) patients (LA-EP2006: 13.8%; EU-Neulasta: 15.3%) 
experienced at least one episode of infection across all cycles.
In Study LA-EP06-302, 58 (18.8%) patients (LA-EP2006: 16.8%; EU-Neulasta: 20.9%) 
experienced at least one episode of fever across all cycles.

Mortality Due to Infection:
In Study LA-EP06-301, 2 patients in EU-Neulasta arm died due to infection. In Study LA-EP06-
302, no patient died due to an infection.

Regulatory Recommendation: Analysis of EP06-301 and EP06-302 supports a conclusion that 
there are no clinically meaningful differences between LA-EP2006 and EU-Neulasta. However,
the Applicant may not rely on this data to support a demonstration of no clinically meaningful 
differences between LA-EP2006 and US-licensed Neulasta since the comparator in both studies
was EU-Neulasta and the Applicant has failed to provide an adequate scientific bridge to justify 
the relevance of these data in supporting a finding of biosimilarity between LA-EP2006 and US-
licensed Neulasta. Therefore, clinical is recommending a Complete Response.

7. SAFETY: (This section is excerpted from the review of Dr. Patricia Dinndorf. For details, 
please see her review).

Safety for LA-EP06-301:

A summary of TEAEs from the LA-EP06-301 trial is presented below in Table 9. A summary of 
all the deaths in the LA-EP06-301 trial is presented in Table 10.
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Table 9: LA-EP06-301 Summary of Treatment Emergent Adverse Events

Table 10: LA-EP06-301 Deaths
Patient ID Treatment Description 

LA-EP-
2006

The patient received cycle 5 TAC, on day 84 and LA-EP-2006 on 
day 85. The patient experienced cardiac arrest on day 98.

LA-EP-
2006

The patient received cycle 4 TAC, on day 63 and LA-EP-2006 on 
day 64. The patient experienced cardio-pulmonary arrest on day 80. 
Prior to the arrest the patient was experiencing hypoglycemia.

LA-EP-
2006

The patient received cycle 1 TAC, on day -1 and LA-EP-2006 on 
day 1. The patient developed febrile neutropenia, dyspnea and 
diarrhea on day 7. The patient experienced cardio-pulmonary arrest 
on day 8. 

Neulasta The patient received cycle 1 TAC, on day -1 and Neulasta on day 1. 
The patient developed febrile neutropenia, dyspnea and diarrhea on 
day 7. The patient was diagnosed with bacterial pneumonia on day 8 
and died on day 11.

Neulasta The patient received cycle 5 TAC, on day 84 and LA-EP-2006 on 
day 85. The patient experienced life-threatening events of lower 
respiratory tract infection and disease
progression on Day 98

The SAEs suspected to be related to study drug were reported in 3 subjects assigned to LA-
EP2006. These included one subject ) with one episode of febrile neutropenia (cycle 1); 
one subject ) with one episode of febrile neutropenia (cycle 1) and a separate episode of 
neutropenic sepsis (cycle 6); and one subject ( ) with 4 episodes of febrile neutropenia 
(cycle 3&4), and a separate episode of neutropenic sepsis (cycle 5). These SAEs of febrile 
neutropenia and neutropenic sepsis are related to chemotherapy. They are only related to the 
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efficacy of the IP in that the events were not prevented. A summary of TEAEs with a suspected 
relationship to IP reported in more than 1 patient are presented below in Table 11. The incidence 
of febrile neutropenia regardless of attribution was balanced between the arms.

Table11: LA-EP06-301 Adverse Events with Suspected Relationship to IP

Conclusions: The LA-EP06-301 study demonstrated that LA-EP-2006 was not clinically 
different to EU-Neulasta based on DSN after cycle 1. In cycle 1 99% of patients received the 
intended dose intensity of TAC chemotherapy. Although 8% of patients did not have a reliable 
determination of the DSN during cycle 1, or received quarantined product, or received 
commercial pegfilgrastim, an analysis of the mean DSN excluding these patients confirmed the 
results of the primary analysis. 
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There was no evidence in Study LA06-301 that there was any clinically meaningful difference in 
the safety profile of LA-EP2006 and EU-Neulasta. 

However, the issue with this study as a supportive study for a demonstration of no clinically 
meaningful differences is that the comparator arm used EU-Neulasta. The acceptability of this 
study to support a demonstration of no clinically meaningful differences between LA-EP2006 
and US-licensed Neulasta is based on establishing an adequate scientific bridge to justify the 
relevance of data obtained using EU-Neulasta to support a demonstration of biosimilarity to US-
licensed Neulasta.  As the Applicant was not able to demonstrate PK similarity between LA-
EP2006, EU-Neulasta, and US-licensed Neulasta, an adequate scientific bridge was not 
established to justify the relevance of these data.

Safety for LA-EP06-302:

A summary of TEAEs in the LA-EP06-302 trial is presented below in Table 12. The deaths are 
presented in Table 13.

Table 12: LA-EP06-302 Summary of Treatment Emergent Adverse Events

Table13: LA-EP06-302 Deaths
Patient ID Treatment Description 

LA-EP-
2006

The patient received cycle 1 TAC, on day -1 and LA-EP-2006 on 
day 1. On day 14 she experienced gastric ulcer hemorrhage and 
hepatic necrosis; on day 15 she experienced hemorrhagic shock, 
renal hemorrhage, renal failure, hepatic hemorrhage, and pericardial 
hemorrhage and died. 

LA-EP-
2006

The patient received cycle 2 TAC on day 24 and LA-EP2006 on day 
25. On day 36 the patient experienced a pulmonary embolism and 
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died day 36 of sudden cardiac arrest.
LA-EP-
2006

The patient received cycle 1 TAC, on day -1 and LA-EP-2006 on
day 1. The patient died of cardio-respiratory arrest on Day 8.

Neulasta The patient received cycle 3 TAC on day 42 and Neulasta on day 43. 
The patient was diagnosed with progression of breast cancer on day 
63 and died day 204.

Neulasta The patient received cycle 1 TAC on day 1 and Neulasta on day -1. 
The patient died of suicide on day 12. 

The SAEs suspected to be related to study drug were reported in 4 subjects assigned to LA-
EP2006 and 1 subject assigned to Neulasta. In the LA-EP-2006 patients these included one 
subject with decreased white blood cells and neutropenia ); 1 subject with neutropenia 
( ); 2 subjects with febrile neutropenia ( ). In the Neulasta patients this 
includes one patient with neutropenic sepsis ( ). These AEs are related to the 
chemotherapy, not pegfilgrastim. They are only related to the efficacy of the IP in that the events 
were not prevented. A summary of TEAEs with a suspected relationship to IP reported in more 
than 1 patient are presented in Table 14.
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Table14: LA-EP06-302 Adverse Events with Suspected Relationship to IP

Conclusions:
Study LA-EP06-302 supports a conclusion that there are no clinically meaningful differences 
between LA-EP-2006 and EU-Neulasta based on DSN after cycle 1. In cycle 1 >99% of patients 
received the intended dose intensity of TAC chemotherapy. Although 7% of patients did not 
have a reliable determination of the DSN during cycle 1, or received quarantined product, or 
received commercial pegfilgrastim, an analysis of the mean DSN excluding these patients 
confirmed the results of the primary analysis. 

There was no evidence that there was any difference in safety profile of LA-EP2006 and EU-
Neulasta. However, as noted previously, the issue with this study is that the comparator arm was 
EU-Neulasta. PK similarity between LA-EP2006, EU-Neulasta has not been appropriately 
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justified to support a demonstration of biosimilarity between LA-EP2006 and US-licensed
Neulasta.

Regulatory Recommendation: There is no safety signal that indicates a clinically meaningful 
difference between LA-EP2006 and EU-Neulasta. However, as PK similarity between LA-
EP2006, EU-Neulasta, and US-licensed Neulasta was not demonstrated, an adequate scientific
bridge has not been established.  The relevance of the data derived from LA-EP06-301 and LA-
EP06-302 which was obtained using EU-Neulasta has not been appropriately justified to support 
a demonstration of biosimilarity between LA-EP2006 and US-licensed Neulasta. Therefore, 
clinical is recommending a Complete Response.

8. ADVISORY COMMITTEE MEETING: None.

9. DRAFT POST MARKETING COMMITMENTS AND REQUIREMENTS: Not 
applicable.

10. LABELING: Not applicable.

11. REGULATORY RECOMMENDATION: This CDTL Reviewer recommends non-
approval of LA-EP2006 as a biosimilar to US-licensed Neulasta.
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1 Recommendations/Risk Benefit Assessment

1.1 Recommendation on Regulatory Action

Biologics License Application (BLA) 761045 for LA- EP2006 (Ziextenzo) was submitted 
by Sandoz, Inc., under section 351(k) of the Public Health Service Act. LA-EP2006 is a 
proposed biosimilar to US-licensed Neulasta, and Sandoz is seeking licensure of LA-
EP2006 for the same indication for which the reference product Neulasta is licensed 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. 

The study LA-EP06-101  “Pharmacokinetic and pharmacodynamic comparison of LA-
EP2006 with the reference product Neulasta® (EU [European Union ] - and US-
registered) after single dose subcutaneous application in healthy subjects” failed to 
demonstrate PK similarity between LA-EP2006 to EU- approved Neulasta or US – 
licensed Neulasta. Therefore, the recommendation is that the BLA submission not be 
approved. 

The submission included two clinical studies LA-EP06-301 and LA-EP06-302, these 
studies were randomized, double-blind, parallel-group, multi-center phase 3 
comparative studies of of LA-EP2006 and EU- approved Neulasta in breast cancer 
patients treated with myelosuppressive chemotherapy. Because the LA-EP2006-
101study failed to demonstrate PK similarity between LA-EP2006, EU-approved 
Neulasta, and US-licensed Neulasta, an adequate scientific bridge has not been 
established, and the relevance of the data derived from LA-EP06-301 and LA-EP06-302 
have not been appropriately justified.

1.2 Risk Benefit Assessment

Not relevant.

1.3 Recommendations for Postmarket Risk Evaluation and Mitigation 
Strategies

Not relevant.

1.4 Recommendations for Postmarket Requirements and Commitments

Not relevant.
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2 Introduction and Regulatory Background

2.1 Product Information

Proper Name: To be determined
Established Name: LA-EP2006
Proposed Trade Name: Ziextenzo
Dosage Forms: 6 mg per 0.6 ml in a single use prefilled syringe
Therapeutic Class: Leukocyte growth factor
Chemical Class: Recombinant protein
Mechanism of Action: LA-EP2006 acts on hematopoietic cells by binding to 

specific cell surface receptors. Signaling through the 
receptor 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.

Proposed Indication: 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.

Proposed Dose-Schedule: 6 mg administered subcutaneously once per 
chemotherapy cycle

2.2 Tables of Currently Available Treatments for Proposed Indications

Table 1: Currently Available Leukocyte Growth Factors

Drug Approval Date
filgrastim (Neupogen) 2/20/91

sargramostim (Leukine) 3/5/91
pegfigrastim (Neulasta) 1/31/02
tbo-filgrastim (Granix) 8/29/12 

filgrastim (Zarxio) (biosimilar) 3/6/15
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2.3 Availability of Proposed Active Ingredient in the United States

LA-EP2006 is not marketed in the US.  US-licensed Neulasta (pegfilgrastim), the 
reference product, is currently marketed in the US. 

2.4 Important Safety Issues With Consideration to Related Drugs 

(derived from current Neupogen and Neulasta labels)
Neupogen Most Common (patients with non-myeloid malignancies receiving 
myelosuppressive anti-cancer drugs)

• pyrexia
• pain
• rash
• cough 
• dyspnea

Neulasta Most Common
• bone pain 
• pain in extremity

Neupogen and Neulasta Warnings and Precautions
• splenic rupture
• acute respiratory distress syndrome 
• serious allergic reactions
• severe sometimes fatal sickle cell crises
• glomerulonephritis
• alveolar hemorrhage
• capillary leak syndrome
• leukocytosis
• potential for tumor growth stimulatory effects on malignant cells
• thrombocytopenia
• cutaneous vasculitis
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2.5 Summary of Presubmission Regulatory Activity Related to Submission

Table 2: Regulatory History

Date Item Comment
1/13/11 Meeting Pre 

IND 109743
Discuss non-clinical and clinical development plans for LA-EP2006 under Section 
351(a) of the Public Health Service Act. Sandoz specifically stated they did not plan to 
submit a 351(k) application. 
FDA advised Sandoz for 351(a) application 2 trials would be necessary and that the 
appropriate design would be a non-inferiority trial in comparison to US Neulasta. If EU- 
Neulasta was the comparator Sandoz must provide adequate justification for its use and 
this would ultimately be a review issue.

8/24/11 IND 109743 
allowed to 
proceed

LA-EP2006-101 a phase 1 PK PD trial of LA-EP2006 conducted in Germany comparing 
6 mcg of EU Neulasta and 6 mcg US Neulasta to 6 mcg of LA-EP2006. PD 
comparability was determined but not PK comparability.

IND trial LA-EP06-302 phase 3 trial, non-inferiority, EU Neulasta compared to LA-
EP2006 in patients with breast cancer receiving TAC chemotherapy.

FDA provided the advice that use of EU-Neulasta in the trial would be at the applicant’s 
risk. “The type of bridging data that may be needed to provide adequate scientific 
justification for this approach would likely include a bridging PK/PD study as well as 
direct physico-chemical characterization between the E.U.- approved and U.S.-licensed 
Neulasta products. The bridging PK/PD study should include both E.U. approved 
Neulasta and U.S.-licensed Neulasta.
Ultimately, the adequacy of the bridging data that you provide to support the 
appropriateness of the non-inferiority margin for your clinical trial with E.U.-approved 
Neulasta will be a review issue. However, we note that your current report for study LA-
EP2006-101 appears inadequate as you do not compare the U.S.-licensed and E.U.-
approved Neulasta products.” 

10/31/13 Pediatric Study 
Plan (PSP)

Applicant requested a full waiver based on LA-EP2006 does not represent a meaningful 
therapeutic benefit over existing treatments for pediatric patients and is not likely to be 
used in a substantial number of pediatric patients.
The iPSP (initial pediatric study plan) was reviewed at PeRC 12/11/13. The committee 
disagreed that the product would not be used in a substantial number of patients. The 
waiver request was denied.

FDA provided advice: “At a minimum, a PK/PD study and a safety study in pediatrics will 
be required. It may be possible to extrapolate efficacy if Sandoz provides justification for 
extrapolation of this indication.”

3/31/14 Withdrawal 
Meeting 
Request

FDA granted pre BLA meeting on 3/7/14 to discuss a 351(a) application. In the 
withdrawal request the applicant informed FDA they intended to pursue licensure under 
351(k) pathway. Applicant also withdrew previous iPSP.

7/8/14 Pre BLA 
Meeting 
Granted 
scheduled 
10/15/14

The following issues were discussed
• Whether there was adequate data to support a demonstration that LA-EP2006 

is highly similar to US-Neulasta. FDA identified multiple issues suggesting the 
analytical data were not adequate and the statistical analysis approach was not 
adequate.

• Whether the PK/PD data in healthy volunteers, comparing 6 mcg of EU-
Neulasta  and 6 mcg US-Neulasta to 6 mcg of LA-EP2006, which demonstrated 
PD similarity, but failed to demonstrate PK similarity, was adequate to support a 
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demonstration of biosimilarity between LA-EP2006 and US-licensed Neulasta. 
FDA did not agree that the data generated in Study LA-EP06-101 were 
sufficient to support a demonstration of biosimilarity between LA-EP2006 and 
US-licensed Neulasta. 

• Whether the two (2) comparative clinical studies support a demonstration of no 
clinically meaningful differences between LA-EP2006 and US-licensed 
Neulasta. FDA noted that these studies used EU-approved Neulasta. FDA 
questions whether an acceptable scientific bridge between LA-EP2006, US-
licensed Neulasta and EU-approved Neulasta was demonstrated. An approval 
in US must rely on a US licensed reference product.

7/17/14 Pediatric Study 
Plan

Based on the plan to change the application to a 351(k), the company proposed no trials 
were required based on the US-Neulasta label and the ability to extrapolate efficacy in 
pediatrics from the adult data. The iPSP was reviewed at PeRC 9/24/14. The committee 
discussed the completeness of the pediatric information in the Neulasta label as the 
label states: “Safety and effectiveness of Neulasta in pediatric patients have not been 
established.” 

FDA provided advice: We agree with your current plan to extrapolate pediatric data and 
information regarding the reference product to LA-EP2006 based on a proposed 
demonstration of biosimilarity. However, we note that the reference product is not 
completely labeled for pediatric patients. Therefore, at the present time, we recommend 
that your iPSP include a request for a deferral of the submission of a pediatric 
assessment and we will provide further recommendations at a later date. With the 
requested revisions submitted 1/9/15 the applicant was notified the FDA agreed to the 
iPSP on 2/12/15.

2.6 Other Relevant Background Information

Two clinical studies were conducted in women with breast cancer undergoing TAC 
[Docetaxel, doxorubicin, cyclophosphamide]  chemotherapy. The primary endpoint was 
Cycle 1 duration of severe neutropenia (DSN). Cycle 1 DSN is accepted as a surrogate 
measure of clinical benefit for use in studies of leukocyte growth factors used 
prophylactically in patients treated with chemotherapy for nonmyeloid malignancies 
(Gootenberg, 2002). The risk of severe neutropenia and adverse events (AE) is known 
to be highest in Cycle 1 of chemotherapy in this setting (Crawford, Dale, et al. 2008).

Blackwell and Crawford (1994) reported a correlation between DSN and risk of febrile
neutropenia that was approximately linear over a DSN range of 3-7 days. The treatment 
benefit was approximately a 10% reduction in febrile neutropenia for each fewer day of 
severe neutropenia. No other surrogate for effectiveness or safety endpoints have been 
characterized is this fashion.

For noninferiority comparisons of leukocyte growth factors to US-licensed Neupogen, a 
loss of more than one day of treatment effect (about 10% in the incidence of febrile 
neutropenia) is considered clinically meaningful (Gootenberg, 2002). 
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3 Ethics and Good Clinical Practices

3.1 Submission Quality and Integrity

The application is submitted as an eCTD. It contains all the required and agreed upon 
sections. The reports contain functional hyperlinks. The data sets are functional. The 
overall quality and integrity of the submission is adequate to allow substantive review.

Study LA-EP06-301 Quality
The primary endpoint of the study was DSN during the first cycle of therapy. During the 
first cycle of therapy 5 patients allocated to LA-EP2006 (IDs  

) and 2 patients allocated to Neulasta (IDs ), 
received investigational product (IP) during Cycle 1 which was under quarantine due to 
temperature excursions. Four subjects (LA-EP-301 ID ; Neulasta IDs  

) received commercial pegfilgrastim rather than the IP designated in the 
protocol.

During subsequent cycles the incorrect or quarantined product was considered a minor 
protocol deviation. More than 70 patients received commercial G-CSF or pegylated G-
CSF products due to shortages IP. There were 7 patients who received quarantined 
product in subsequent cycles.

Overall only 82% (130/159) of patients randomized to LA-EP2006 and 74% (116/157) 
patients randomized to EU-Neulasta  received the correct IP for the entire study.

Study LA-EP06-302 Quality
The primary endpoint of the study was the DSN during the first cycle of therapy. During 
the first cycle of therapy 2 subjects allocated to Neulasta ( ), received 
IP during Cycle 1 which was under quarantine due to temperature excursions. One 
Neulasta subject ( ) received commercial pegfilgrastim rather than the IP 
designated in the protocol.

During subsequent cycles the incorrect or quarantined product was considered a minor 
protocol deviation. A total of 73 patients received commercial G-CSF or pegylated G-
CSF products due to shortages of IP. There were 4 EU-Neulasta subjects (

) who received   patients who received quarantined product in 
subsequent cycles. There was one LA-EP-2006 patient ( ) who received EU-
Neulasta IP. 

Overall only 79% (123/155) of patients randomized to LA-EP2006 and 73% (112/153) 
patients randomized to EU-Neulasta received the correct IP for the entire study.
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3.2  Compliance with Good Clinical Practices

The study report for LA-EP06-101 includes the statement: The clinical study was 
conducted according to the ethical principles of the Declaration of Helsinki, the German 
Drug Law (AMG) and the EU Clinical Trials Directive (2001/20/EC) taking into account 
the principles of Good Clinical Practice (GCP) in their currently valid revisions.

The study reports for LA-EP06-301and LA-EP06- 302 include the statement: The study 
was conducted in accordance with the International Conference on Harmonization (ICH) 
Harmonized Tripartite Guidelines for Good Clinical Practice (GCP), with applicable
local regulations (including Food and Drug Administration (FDA) regulations relating to 
GCP and clinical trials in CFR Title 21; EU legislation on GCP and the conduct of 
clinical trials: Directive 2001/83/EC, Directive 2001/20/EC), and with the ethical 
principles laid down in the Declaration of Helsinki.

3.3 Financial Disclosures

The application includes financial disclosure form 3454 and indicates there were no 
financial arrangements with any of the investigators involved in the 3 clinical studies, 
LA-EP06-101,  LA-EP06-301and LA-EP06- 302. The document included lists of all 
investigators and sub investigators that indicated the financial disclosure were collected 
and that no financial interest was reported. 
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4 Significant Efficacy/Safety Issues Related to Other Review 
Disciplines

See individual reviews from these disciplines. 
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5 Sources of Clinical Data

5.1 Tables of Studies/Clinical Trials

Table 3: Table of Clinical Trials

Study Title Description

LA-EP06-101

Pharmacokinetic and pharmacodynamic 
comparison of LA-EP2006 with the 
reference product Neulasta® (EU- and US-
registered) after single dose subcutaneous 
application in healthy subjects

Randomized, three-arm, parallel group PK/PD study in 279 
healthy volunteers using US-licensed and EU-approved 
Neulasta as active comparators

LA-EP06-301

A randomized, double-blind, parallel-group, 
multi-center Phase III comparative study 
investigating efficacy and safety of LA-
EP2006 and Neulasta® in breast cancer 
patients treated with myelosuppressive 
chemotherapy

Randomized, double-blind, parallel-group, active-controlled, 
multi-center Phase 3 study in 316 women with breast cancer 
having an indication for neo-adjuvant or adjuvant treatment 
with TAC (Taxotere [docetaxel],Adriamycin [doxorubicin] and 
Cytoxan [cyclophosphamide])  chemotherapy comparing 6 mg 
LA-EP2006 to 6 mg EU –approved Neulasta injected 
subcutaneously. The primary endpoint was DSN.

LA-EP06-302
Pivotal study in breast cancer patients 
investigating efficacy and safety of LA-
EP2006 and Neulasta

A randomized, double-blind, parallel-group, active-controlled, 
multi-center Phase 3 study in 308 women with breast cancer 
having an indication for neo-adjuvant or adjuvant treatment 
with TAC chemotherapy comparing 6 mg LA-EP2006 to 6 mg 
EU approved -Neulasta injected subcutaneously. The primary 
endpoint was DSN.

5.2 Review Strategy

The individual clinical trials are reviewed in Section 5.3.

5.3 Discussion of Individual Studies/Clinical Trials

5.3.1 LA-EP06-101 

Clinical Trial Title: “Pharmacokinetic and pharmacodynamic comparison of LA-EP2006 
with the reference product Neulasta® (EU- and US-registered) after single dose 
subcutaneous application in healthy subjects”

Dose: 6 mg
Route: subcutaneous
Schedule: single dose
Population: Healthy volunteer 18 to 55 years
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Enrollment: 
LA-EP2006   - n=93
Neulasta EU - n=93
Neulasta US - n=93

Date of Study: 6/24/10 to 12/28/10

Results:
Demographics 
There were 515 subjects screened, and 279 subjects enrolled and randomized.

Table 4: LA-EP06-101 Demographics Safety Population

LA-EP2006
n=93

Neulasta EU
n=93

Neulasta US
n=93

Gender
Male 51 53 52
Female 42 40 41

Age (years)
Mean 37 38 37
Median 37 38 39
Range 18 to 55 19 to 55 21 to 55

Race
Caucasian 93 93 93

Height (cm)
Mean 174 174 174
Median 175 173 175
Range 159 to 193 155 to 193 153 to 192

Weight (kg)
Mean 75 75 74
Median 76.6 74.6 76.1
Range 51 to 102 54 to 102 51 to 101

BMI (kg/m2)
Mean 25 25 25
Median 24.6 24.5 24.8
Range 19 to 30 20 to 30 19 to 31

Exposure:
All randomized subjects received study medication. 
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Disposition:
One subject in the US-licensed Neulasta group withdrew from the study on the day he 
received the study medication [ID ]. One subject was mis-randomized to US-
licensed Neulasta due to error in randomization process [ID .
Table 5: LA-EP06-101 Analysis Populations

(copied from LA-EP06-101 Report page 61 of 1990)

PK (Pharmacokinetic )/PD (Pharmacodynamic):
The primary objectives of the study were to determine the similarity between products in 
terms of the PK parameter [area under the curve] AUC0→last of pegylated G-CSF and 
similarity in terms of the PD parameter of the AUEC0→last of ANC  [absolute neutrophil 
count], of LA-EP2006, EU-approved Neulasta, and US-licensed Neulasta following a 
single 6 mg subcutaneous injection.

The similarity criterion to demonstrate PK similarity was that the 95% confidence 
intervals (CI) for the geometric mean ratios (GMR) of AUC0→last of the products were 
completely contained within the equivalence range of 0.80-1.25.

Table 6: LA-EP06-101 PK Similarity

 (copied from LA-EP06-101 Report page 78 of 1990)
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REVIEWER COMMENT:
LA-EP2006 failed to meet the criteria of PK similarity compared to EU-approved and 
US-licensed Neulasta, as the upper 95% CIs for the respective GMR of AUC0→last 
exceeded 1.25. Likewise EU- and US-Neulasta failed to meet the criteria of PK similarity 
as the upper 95% CIs for the GMR of AUC0→last also exceeded 1.25.

The similarity criteria to establish PD similarity was that the 97.5% CI for the GMR of 
LA-EP2006 compared to US-licensed or EU-approved Neulasta  was completely 
contained within the range 0.87 to 1.15 for AUEC0→last of ANC.

Table 7: LA-EP06-101 PD Similarity

(copied from LA-EP06-101 Report page 73 of 1990)

REVIEWER COMMENT:
LA-EP2006 met the criteria for PD similarity with EU-approved and US-licensed 
Neulasta as the 97.5% CI for the ratio of LA-EP2006 : Neulasta  of AUEC0→last of ANC 
was within the range of 87 to 115. 

Safety:

Exposure
All subjects received pegylated G-CSF. The exact amount varied from the intended 6 
mg dose as summarized in Error! Reference source not found. based on the 
difference in weight of the syringe after administration.

(copied from LA-EP06-101 Report page 73 of 1990)

Table 8: LA-EP06-101 Exposure to Investigational Product
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Treatment Emergent Adverse Events (TEAE)
TEAEs were reported in 89% of the subjects. These are summarized in Error! 
Reference source not found..

(copied from LA-EP06-101 Report page 85 of 1990)
Table 9: LA-EP06-101 Summary of Treatment Emergent Adverse Events

The single serious adverse event (SAE) reported in a subject who received LA-EP2006 
was a headache of 4 days duration. AEs by preferred term that occurred in >2% of 
subjects in any group are presented in Error! Reference source not found.. 
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(copied from LA-EP06-101 Report page 87 of 1990)

Table 10: LA-EP06-101 Adverse Events with Per Patient Incidence > 2.5% - Preferred Term

Preferred Term LA-EP2006
n=93 (%)

EU-Neulasta
n=93

US-Neulasta
n=93

Total
n=279

BACK PAIN 58 (62) 65 (70) 63 (68) 186 (67)
HEADACHE 50 (54) 55 (57) 43 (46) 148 (53)
MUSCLE PAIN 19 (20) 22 (24) 19 (20) 60 (22)
JOINT PAIN 11 (12) 8 (9) 13 (13) 32 (11) 
COMMON COLD 6 (6) 7 (8) 4 (4) 17 (6)
NECK PAIN 3 (3) 7 (8) 7 (8) 17 (6)
ABDOMINAL PAIN 6 (6) 4 (4) 5 (5) 15 (5)
CHEST PAIN 4 (4) 4 (4) 7 (8) 15 (5)
SORE THROAT 4 (4) 6 (6) 4 (4) 14 (4)
NAUSEA 3 (3) 3 (3) 6 (6) 12 (4)
DIZZINESS 2 (2) 1 (1) 8 (9) 11 (4)
MYALGIA 4 (4) 3 (3) 3 (3) 10 (4)
VOMITING 7 (8) 1 (1) 2 (2) 10 (4)
PAIN 4 (4) 2 (2) 3 (3) 9 (3)
PAIN LEGS 2 (2) 1 (1) 5 (5) 8 (3)
LOOSE STOOLS 2 (2) 1 (1) 4 (4) 7 (3)
SWEATING INCREASED 3 (3) 2 (2) 2 (2) 7 (3)

Conclusions:
The study LA-EP06-101 failed to establish PK similarity between LA-EP2006, EU-
approved Neulasta, and US-licensed Neulasta. Because of the failure of LA-EP06-101, 
the applicant has not provided an adequate scientific bridge to justify the relevance of 
data from the comparative clinical studies conducted using EU-approved Neulasta to 
support a demonstration of biosimilarity to US-licensed Neulasta. The study did 
demonstrate PD similarity between LA-EP2006, EU-Neulasta, and US-Neulasta. The 
safety profile of LA-EP2006 was consistent with the known safety profile of 
pegfilgrastim.
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5.3.2 LA-EP06-301

Clinical Trial Title: “A randomized, double-blind, parallel-group, multi-center Phase 3 
comparative study investigating efficacy and safety of LA-EP2006 and Neulasta in 
breast cancer patients treated with myelosuppressive chemotherapy”

Dose: 6 mg in 6 ml of pegfilgrastim (LA-EP2006 or EU-approved Neulasta)
Route: subcutaneous
Schedule: single dose day 2 at least 24 hours after last chemotherapy 

TAC Chemotherapy

Table 11: LA-EP06-301 TAC Chemotherapy

TAC Chemotherapy
Drug Order of Administration Dose Day Given

Docetaxel (Taxotere) 3 75 mg/m2 Day 1
Doxorubicin (Adriamycin) 1 50 mg/m2 Day 1
Cyclophosphamide (Cytoxan) 2 500 mg/m2 Day 1

Schema:
(copied from LA-EP06-301 Appendix 16.1.1 Protocol and/or Amendment page 108 of 
175)
Figure 1: LA-EP06-301 Trial Schema
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Population: Women ≥ 18 years of age with histologically proven breast cancer, eligible 
to receive 6 cycles of for neo-adjuvant or adjuvant TAC chemotherapy with life 
expectancy of more than 6 months. This study was conducted in 38 study sites in 
Russia, Ukraine, Romania, India, Brazil, and Mexico.

Enrollment:
Screened – n= 373
LA-EP2006   - n= 159
Neulasta EU - n= 157

Date of Study: 6/28/12 to 2/11/14

Statistical Analysis Plan:
Primary Efficacy Endpoint 
The primary efficacy endpoint was the mean duration of grade 4 (severe) neutropenia 
(ANC < 500/μL) after the first cycle of TAC chemotherapy (defined as the mean number 
consecutive days of severe neutropenia). 

Secondary Efficacy Endpoints
• Incidence of febrile neutropenia, defined as oral temperature ≥ 38.3 °C while 

having an ANC < 500/μL,  by cycle and across all cycles
• Number of days of fever, defined as oral temperature ≥ 38.3 °C, for each cycle
• Depth of ANC nadir, defined as the patient’s lowest ANC in cycle 1
• Time to ANC recovery, defined as the time in days from the chemotherapy 

administration until the patient’s ANC increases to ≥ 2,000/μL after the nadir in 
cycle 1

• Frequency of infections by cycle and across all cycles
• Mortality due to infection

Definition of Analysis Sets
Safety Analysis – Full (SAF) – Patients who received at least dose of IP and had at 
least 1 safety assessment (n=316).

Full Analysis Set (FAS) – All randomized patients who received at least 1 dose of IP 
(n=316). Of note, 6 patients in this population did not have a determination of DSN and 
were not included in the applicants “intent to treat” analysis.

Per Protocol (PP) – FAS population with no major protocol deviations (n=295). Of note, 
this population excluded any patients who had major protocol deviations in any cycle of 
therapy. In the analysis of DSN during first cycle of chemotherapy, the primary efficacy 
parameter, 6 patients who received the correct IP during cycle 1 were excluded from the 
applicant’s analysis. 
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Testing Procedure
The testing procedure was set up in a hierarchical structure, where first equivalence 
between LA-EP2006 and EU-approved Neulasta  was assessed (margin ±1 day) and 
only if this is successfully established, non-inferiority between the two products were to 
be tested using a tighter margin of -0.6 days.

Evaluation of secondary endpoints will be descriptive. 

Results:

Demographics 
Table 12: LA-EP06-301 Demographics

LA-EP-2006
n=159

Neulasta
n=157

Age (years)
Mean 50 50
Median 50 50
Range 30 to 72 29 to 76

Race/Ethnicity n (%)
White/Not Hispanic or Latino 120 (75) 113 (72)
White/Hispanic or Latino 9 (6) 14 (9)
Other/Hispanic or Latino 2 (1) 4 (3)
Asian 28 (18) 26 (16)

Country n (%)
Russia 96 (60) 101 (64)
Ukraine 12 (8) 11 (7)
Romania 17 (11) 11 (7)
India 27 (17) 25 (16)
Brazil 5 (3) 6 (4)
Mexico 2 (1) 3 (2)
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Baseline Characteristics
Table 13: LA-EP06-301 Baseline Characteristics

LA-EP-2006
n=159

Neulasta
n=157

BMI (kg/cm2)
Mean 27.5 27.5
Median 26.7 26.4
Range 14.3 to 44.1 17.9 to 46.3

Type of Therapy n (%)
Adjuvant 99 (62) 97 (62)
Neo-Adjuvant 60 (38) 60 (38)

Disease Stage n (%)
I 4 (2) 3 (2)
II 74 (47) 73 (46)
III 81 (51) 78 (50)
IV 0 39 (2)

ECOG Status n (%)
0 (fully active) 128 (81) 123 (78)
1 (restricted in physically strenuous activity) 31 (19) 34 (22)

Exposure during the First Cycle of Therapy to IP (pegfilgrastim)
Table 14: LA-EP06-301 Exposure to Investigational Product Cycle 1 Day 2

 Pegfilgrastim Received LA-EP-2006
n=159

Neulasta
n=157

IP LA-EP-2006
6 mg 153

Quarantined IP LA-EP-20061

6 mg 5

IP Neulasta
6 mg 152

Quarantined Neulasta1

6 mg 2

Commercial Pegfilgrastim 
(dose unspecified) 1 3

1Product quarantined due to temperature excursions
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Chemotherapy
Table 15: LA-EP06-301 Exposure to Chemotherapy Cycle 1 Day 1

Dose Intensity 
Chemotherapy

LA-EP-2006
n=159

Neulasta1

n=157
Doxorubicin 50 mg/m2

< 85% calculated dose
85 to 115 % calculated dose 159 155
> 115% calculated dose 1

Cyclophosphamide 500 mg/m2

< 85% calculated dose
85 to 115 % calculated dose 159 155
> 115% calculated dose 1

Docetaxel 75 mg/m2

< 85% calculated dose 1
85 to 115 % calculated dose 159 155
> 115% calculated dose

1Height of Neulasta subject  was not documented, accuracy of dose was not 
evaluable. Subject  overdosed doxorubicin  and cyclophosphamide 120%; under 
dosed docetaxal 79%

REVIEWER COMMENT:
Compliance with the chemotherapy regimen was good; intended dose intensity of the 
chemotherapy regimen was documented for all but 2 patients
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Disposition:
(copied from LA-EP06-301 Report page 59 of 3053)
Figure 2: LA-EP06-301 Patient Flow

bTwo additional patients were formally randomized (Neulasta) but not treated. These patients 
were considered as screening failures
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(copied from LA-EP06-301 Report page 60 of 3053)
Table 16: LA-EP06-301 Patient Disposition

Efficacy:
The primary efficacy parameter was DSN (ANC < 500/μL) after cycle 1 of 
chemotherapy. 
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REVIEWER COMMENT:
The conduct of this study was suboptimal.

• In order to evaluate this endpoint rigorously, daily neutrophil counts spanning the 
period of potential severe neutropenia are required.  Error! Reference source 
not found. summarizes the number of missing ANC determinations on days 6, 7, 
8, and 9. As the table shows, these were the days most likely to be associated 
with severe neutropenia.

Table 17: LA-EP06-301 Missing ANC Determinations During Cycle 1

Study Day ANC Determinations 
n

ANC < 500 
n (%)

Missing Value 
n (%)

Day 6 302 15 (5) 14 (4)
Day 7 298 136 (45) 18 (6)
Day 8 305 70 (23) 11 (3)
Day 9 300 10 (3) 16 (5)

In total 33 patients (10%) were missing one or more determination of ANC in 
cycle 1 during this period. The applicant convened a blinded data review 
committee to determine the DSN in patients with missing ANC determinations 
during cycle 1. In six cases the committee decided there was too much missing 
data to make any determination. These patients were excluded from the 
evaluation of the DSN although they were identified as belonging to the FAS.  In 
11 cases the committee imputed a value. In only 3 of these cases were these 
imputed values supported by adjacent ANC determinations.

• During the first cycle of therapy 7 patients received IP which was under 
quarantine due to temperature excursions.  Four subjects received commercial 
pegfilgrastim rather than the assigned IP.
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Primary Efficacy – Duration of Severe Neutropenia
Full Analysis Set (FAS) and Per Protocol (PP)
(copied from LA-EP06-301 Report page 74 of 3053)
Table 18: LA-EP06-301 Primary Efficacy Parameter: DSN in Cycle 1

(copied from LA-EP06-301 Report page 75 of 3053) [Analysis of covariance (ANCOVA); 
Analysis of variance (ANOVA)]
Table 19: LA-EP06-301 Analysis Primary Efficacy Parameter: Inferential Test Results ANCOVA and 
ANOVA

Result (as determined by the applicant)
The equivalence margin is ± 1 day and the non-inferiority margin is – 0.6 days.

The following is an evaluation of all patients who received the correct IP (excluding 
quarantined IP or commercial pegfilgrastim) and who had serial ANC values collected 
that allowed for accurate determination of DSN during cycle 1.

Table 20: LA-EP06-301 DSN in Cycle 1 - Sensitivity Analysis

LA-EP-2006
n=146

Neulasta
n=143

Total
N=289

Mean 0.74 0.81 0.78
Median 0 1 1
SD (standard deviation) 0.886 0.881 0.883
Range 0 to 3 0 to 3 0 to 3
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REVIEWER COMMENT:
The evaluation of the mean DSN is indistinguishable from that determined by the 
applicant for the FAS set. 

Secondary Efficacy Endpoint  Analysis 
Incidence of Febrile Neutropenia
(copied from LA-EP06-301 Report page 77 of 3053)
Table 21: LA-EP06-301 Incidence of Febrile Neutropenia

Days of Fever
(copied from LA-EP06-301 Report page 78 of 3053)
Table 22: LA-EP06-301 Days of Fever
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ANC Nadir First Cycle
(copied from LA-EP06-301 Report page 78 of 3053)
Table 23: LA-EP06-301 ANC Nadir First Cycle

Time to ANC Recovery Cycle 1
(copied from LA-EP06-301 Report page 81 of 3053)
Table 24: LA-EP06-301 Time to ANC Recovery
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Infections
(copied from LA-EP06-301 Report page 81 of 3053)

Table 25: LA-EP06-301 Incidence of Infections

Mortality Due to Infection
There were 2 patients who died due to infections, both in the Neulasta treatment group. 
Patient  died due to bacterial pneumonia in Cycle 1 and patient  died in 
Cycle 5 due to lower respiratory tract infection. 
 
Safety:
Treatment Emergent Adverse Events (TEAE) 
A summary of TEAEs is presented in Error! Reference source not found..

(copied from LA-EP06-301 Report page 91 of 3053)
Table 26: LA-EP06-301 Summary of Treatment Emergent Adverse Events
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Deaths
Table 27: LA-EP06-301 Deaths

Patient ID Treatment Description 
LA-EP-2006 The patient received cycle 5 TAC, on day 84 and LA-EP-2006 on day 85. 

The patient experienced cardiac arrest on day 98.
LA-EP-2006 The patient received cycle 4 TAC, on day 63 and LA-EP-2006 on day 64. 

The patient experienced cardio-pulmonary arrest on day 80. Prior to the 
arrest the patient was experiencing hypoglycemia.

LA-EP-2006 The patient received cycle 1 TAC, on day -1 and LA-EP-2006 on day 1. 
The patient developed febrile neutropenia, dyspnea and diarrhea on day 7. 
The patient experienced cardio-pulmonary arrest on day 8. 

Neulasta The patient received cycle 1 TAC, on day -1 and Neulasta on day 1. The 
patient developed febrile neutropenia, dyspnea and diarrhea on day 7. The 
patient was diagnosed with bacterial pneumonia on day 8 and died on day 
11.

Neulasta The patient received cycle 5 TAC, on day 84 and LA-EP-2006 on day 85. 
The patient experienced life-threatening events of lower respiratory tract 
infection and disease
progression on Day 98

Serious Adverse Events
The SAEs suspected to be related to study drug were reported in 3 subjects assigned to 
LA-EP2006. These included one subject ( ) with one episode of febrile 
neutropenia (cycle 1); one subject (  with one episode of febrile neutropenia 
(cycle 1) and a separate episode of neutropenic sepsis (cycle 6); and one subject 

) with 4 episodes of febrile neutropenia (cycle 3&4), and a separate episode of 
neutropenic sepsis (cycle 5). 

REVIEWER COMMENT
These SAEs of febrile neutropenia and neutropenic sepsis are related to chemotherapy. 
They are only related to the efficacy of the IP in that the events were not prevented. 
However, the incidence of febrile neutropenia regardless of attribution was balanced 
between the arms. See Error! Reference source not found.. 
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Common Adverse Events
A summary of TEAEs with a suspected relationship to IP reported in more than 1 patient 
are presented in Error! Reference source not found..

(copied from LA-EP06-301 Report page 99 of 3053)
Table 28: LA-EP06-301 Adverse Events with Suspected Relationship to IP
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Conclusions:
The major problem with study LA-EP06-301 as a supporting study for a demonstration 
of biosimilarity is that the comparator arm was EU-approved Neulasta. The clinical 
pharmacology review team has determined that the applicant has failed to demonstrate 
PK similarity between LA-EP2006, EU-approved Neulasta, and US-licensed Neulasta, 
therefore, an adequate scientific bridge has not been established, and as a result ,the 
relevance of the data derived from LA-EP06-301 has not been appropriately justified.  

Nothing in Study LA-EP06-301 suggests that there are clinically meaningful differences  
between LA-EP-2006 and EU-approved Neulasta based on DSN after cycle 1. In cycle 
1 99% of patients received the intended dose intensity of TAC chemotherapy. Although 
8% of patients did not have a reliable determination of the DSN during cycle 1, or 
received quarantined product, or received commercial pegfilgrastim, an analysis of the 
mean DSN excluding these patients confirmed the results of the primary analysis. As 
described above however, the applicant has failed to provide an adequate bridge to 
support the relevance of these clinical data in demonstrating biosimilarity to U.S.-
Neulasta.

There was no evidence that there was any difference in safety profile of LA-EP2006 and 
EU-approved Neulasta. 
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5.3.3 LA-EP06-302

Clinical Trial Title: “Pivotal study in breast cancer patients investigating efficacy and 
safety of LA-EP2006 and Neulasta (EU-licensed)”

Dose: 6 mg in 6 ml of pegfilgrastim (LA-EP2006 or EU-approved Neulasta)
Route: subcutaneous
Schedule: single dose day 2 at least 24 hours after last chemotherapy 

TAC Chemotherapy
Table 29: LA-EP06-302 TAC Chemotherapy

TAC Chemotherapy
Drug Order of Administration Dose Day Given

Docetaxel (Taxotere) 3 75 mg/m2 Day 1
Doxorubicin (Adriamycin) 1 50 mg/m2 Day 1
Cyclophosphamide (Cytoxan) 2 500 mg/m2 Day 1

Schema:
(copied from LA-EP06-302 Appendix 16.1.1 Protocol and/or Amendment page 324 of 
413)
Figure 3: LA-EP06-302 Trial Schema
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Population: Women ≥ 18 years of age with histologically proven breast cancer, eligible 
to receive neo-adjuvant or adjuvant TAC chemotherapy with life expectancy of more 
than 6 months. This trial was conducted in 53 study sites in Argentina, Chile, India, 
Malaysia, Puerto Rico, Russia, Spain, and the USA.

Enrollment:
LA-EP2006   - n= 155
Neulasta EU - n= 153

Date of Study: 3/5/12 to 12/4/13

Statistical Analysis Plan:
Primary Efficacy Endpoint 
The primary efficacy endpoint was the mean DSN (ANC < 500/μL) after the first cycle of 
TAC chemotherapy (defined as the mean number consecutive days of severe 
neutropenia). 

Secondary Efficacy Endpoints
• Incidence of febrile neutropenia, defined as oral temperature ≥ 38.3 °C while 

having an ANC < 500/μL,  by cycle and across all cycles
• Number of days of fever, defined as oral temperature ≥ 38.3 °C, for each cycle
• Depth of ANC nadir, defined as the patient’s lowest ANC in cycle 1
• Time to ANC recovery, defined as the time in days from the chemotherapy 

administration until the patient’s ANC increases to ≥ 2,000/μL after the nadir in 
cycle 1

• Frequency of infections by cycle and across all cycles
• Mortality due to infection

Definition of Analysis Sets
Safety Analysis – Full (SAF) – Patients who received at least dose of IP and had at 
least 1 safety assessment (n=316).

Full Analysis Set (FAS) – All randomized patients who received at least 1 dose of IP 
(n=316). Of note, 6 patients in this population did not have a determination of DSN and 
were not included in the applicants “intent to treat” analysis.

Per Protocol (PP) – FAS population with no major protocol deviations (n=295). Of note, 
this population excluded any patients who had major protocol deviations in any cycle of 
therapy. In the analysis of DSN during first cycle of chemotherapy, the primary efficacy 
parameter, 6 patients who received the correct IP during cycle 1 were excluded from the 
applicant’s analysis. 

Testing Procedure
The testing procedure is set up in a hierarchical structure, where first equivalence 
between LA-EP2006 and Neulasta  will be assessed (margin ±1 day) and only if this is 
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successfully established, non-inferiority between the two products will be tested using a 
tighter margin of -0.6 days.

Evaluation of secondary endpoints will be descriptive. 

Results:

Demographics 
Table 30: LA-EP06-302 Demographics

LA-EP-2006
n=155

Neulasta
n=153

Age (years)
Mean 49 49
Median 49 50
Range 25 to 75 26 to 68

Race/Ethnicity n (%)
White/Not Hispanic or Latino 82 (53) 88 (57)
White/Hispanic or Latino 8 (5) 5 (3)
Black/Not Hispanic or Latino 1 (1) 1 (1)
Black/Hispanic or Latino 1 (1)
Other/Hispanic or Latino 2 (1)
Asian 62 (40) 58 (38)

Country n (%)
Argentina 2 (1)
Chile 5 (3) 1 (1)
India 52 (34) 44 (29)
Malaysia 10 (6) 14 (9)
Puerto Rico 2 (1) 3 (2)
Russia 67 (43) 71 (46)
Spain 7 (5) 7 (5)
USA 12 (8) 11 (7)
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Baseline Characteristics
Table 31: LA-EP06-302 Baseline Characteristics 

LA-EP-2006
n=155

Neulasta
n=153

BMI (kg/cm2)1

Mean 26.6 26.5
Median 26.1 26.0
Range 14.5 to 43.7 15.3 to 47.1

Type of Therapy n (%)
Adjuvant 107 (69) 103 (67)
Neo-Adjuvant 48 (31) 50 (33)

Disease Stage n (%)
I 7 (5) 13 (9)
II 70 (45) 61 (40)
III 78 (50) 78 (51)
IV 0 1 (<1)

ECOG Status n (%)
0 (fully active) 117 (76) 110 (72)
1 (restricted in physically strenuous activity) 36 (23) 43 (28)
2 (limited self-care) 2 (1) 0

Exposure:
Exposure during the First Cycle of Therapy to IP (pegfilgrastim)
Table 32: LA-EP06-302 Exposure to Investigational Product Cycle 1 Day 2

 Pegfilgrastim Received LA-EP-20061

n=155
Neulasta2

n=153
IP LA-EP-2006
6 mg 154

IP Neulasta
6 mg 148

Quarantined Neulasta3

6 mg 2

Commercial Pegfilgrastim 
(dose unspecified) 1

1Subject  LA-EP-2006 administered on day 3; 2Subjects  
Neulasta administered on day 3; 3 Product quarantined due to temperature excursions
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Chemotherapy
Table 33: LA-EP06-302 Exposure Chemotherapy Cycle 1 Day 1

Dose Intensity 
Chemotherapy

LA-EP-20061

n=155
Neulasta

n=153
Doxorubicin 50 mg/m2

< 85% calculated dose
85 to 115 % calculated dose 154 153
> 115% calculated dose

Cyclophosphamide 500 mg/m2

< 85% calculated dose
85 to 115 % calculated dose 154 153
> 115% calculated dose

Docetaxel 75 mg/m2

< 85% calculated dose
85 to 115 % calculated dose 153 153
> 115% calculated dose 1

1Height of LA-EP-2006 subject was not documented; accuracy of dose was not 
evaluable. Subject  docetaxal 125%
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Disposition:
(copied from LA-EP06-302 Report page 67 of 3033)
Figure 4: LA-EP06-302 Patient Flow
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(copied from LA-EP06-302 Report page 68 of 3033)
Table 34: LA-EP06-302 Patient Disposition
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Efficacy:
The primary efficacy parameter was the DSN (ANC < 500/μL) after cycle 1 of 
chemotherapy. 

REVIEWER COMMENT;
The conduct of this study was suboptimal.

• In order to evaluate this endpoint rigorously, daily neutrophil counts spanning the 
period of potential severe neutropenia are required.  Error! Reference source 
not found. summarizes the number of missing ANC determinations on days 6, 7, 
8, and 9. As the table shows, these were the days most likely to be associated 
with severe neutropenia.

Table 35: LA-EP06-302 Missing ANC Determinations during Cycle 1

Study Day ANC Determinations 
n

ANC < 500 
n (%)

Missing Value 
n (%)

Day 6 300 41 (14) 9 (3)
Day 7 287 195 (68) 22 (7)
Day 8 294 103 (35) 15 (5)
Day 9 295 17 (6) 14 (5)

In total 24 patients (8%) were missing one or more determination of ANC in cycle 
1 during this period. The applicant convened a blinded data review committee to 
determine the DSN in patients with missing ANC determinations during cycle 1. 
In 8 cases the committee decided there was too much missing data to make any 
determination. These patients were excluded from the evaluation of the DSN 
although they were identified as belonging to the FAS.  In 20 cases the 
committee imputed a value. In only 4 of these cases were these imputed values 
supported by adjacent ANC determinations.

The DSN in 1 patient was determined to be 4 days. This patient had ANCs < 
500/μL on days 6, 7, 8 and > 500/μL on days 9, 10, 11. On day 12 the ANC was 
< 500/μL. In the sensitivity analysis below the duration was determined to be 3 
days.

• During the first cycle of therapy 2 patients randomized to EU-approved Neulasta 
received IP which was under quarantine due to temperature excursions. There 
was 1 patient randomized to EU-approved Neulasta who received commercial 
pegylated G-CSF.
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Primary Efficacy – Duration of Severe Neutropenia
Full Analysis Set (FAS) and Per Protocol (PP)

(copied from LA-EP06-302 Report page 81 of 3053)
Table 36: LA-EP06-302 Primary Efficacy Parameter: DSN in Cycle 1

(copied from LA-EP06-302 Report page 83 of 3053)
Table 37: LA-EP06-302 Analysis Primary Efficacy Parameter: Inferential Test Results ANCOVA and 
ANOVA

 
Result (as determined by the applicant)
The equivalence margin is ± 1 day and the non-inferiority margin is – 0.6 days.

Sensitivity Analysis
The following is an evaluation of all patients who received the correct IP (excluding 
quarantined, commercial pegfilgrastim) and who had serial ANC values collected that 
allowed for accurate determination of DSN during cycle 1.

Table 38: LA-EP06-302 DSN in Cycle 1 - Sensitivity Analysis

LA-EP-2006
n=141

Neulasta
n=142

Total
N=283

Mean 1.27 1.18 1.2
Median 1 1 1
SD 1.075 0.977 1.026
Range 0 to 6 0 to 4 0 to 6
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REVIEWER COMMENT:
The evaluation of the mean DSN is indistinguishable from that determined by the 
applicant for the FAS set. 

Secondary Endpoints
Incidence of Febrile Neutropenia
(copied from LA-EP06-302 Report page 84 of 3053)
Table 39: LA-EP06-302 Incidence of Febrile Neutropenia

Days of Fever
(copied from LA-EP06-302 Report page 85 of 3053)
Table 40: LA-EP06-302 Days of Fever
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ANC Nadir Cycle 1
(copied from LA-EP06-302 Report page 86 of 3053)
Table 41: LA-EP06-302 ANC Nadir Cycle 1

Time to ANC Recovery Cycle 1
(copied from LA-EP06-302 Report page 88 of 3053)
Table 42: LA-EP06-302 Time to ANC Recovery Cycle 1
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Infections
(copied from LA-EP06-302 Report page 88 of 3053)
Table 43: LA-EP06-302 Incidence of Infections

Mortality Due to Infection
No patients died due to infection. 

Safety:
Treatment Emergent Adverse Events (TEAE) 
A summary of TEAEs is presented in Error! Reference source not found..

(copied from LA-EP06-302 Report page 103 of 3053)
Table 44: LA-EP06-302 Summary of Treatment Emergent Adverse Events
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Deaths
Table 45: LA-EP06-302 Deaths

Patient ID Treatment Description 
LA-EP-2006 The patient received cycle 1 TAC, on day -1 and LA-EP-2006 on day 1. On 

day 14 she experienced gastric ulcer hemorrhage and hepatic necrosisi; 
on day 15 she experienced hemorrhagic shock, renal hemorrhage, renal 
failure, hepatic hemorrhage, and pericardial hemorrhage and died. 

LA-EP-2006 The patient received cycle 2 TAC on day 24 and LA-EP2006 on day 25. 
On day 36 the patient experienced a pulmonary embolism and died day 36 
of sudden cardiac arrest.

LA-EP-2006 The patient received cycle 1 TAC, on day -1 and LA-EP-2006 on day 1. 
The patient died of cardio-respiratory arrest on Day 8.

EU-Neulasta The patient received cycle 3 TAC on day 42 and Neulasta on day 43. The 
patient was diagnosed with progression of breast cancer on day 63 and 
died day 204.

EU-Neulasta The patient received cycle 1 TAC on day 1 and Neulasta on day -1. The 
patient died of suicide on day 12. 

Serious Adverse Events
The SAEs suspected to be related to study drug were reported in 4  subjects assigned 
to LA-EP2006 and 1 subject assigned to EU-approved Neulasta. In the LA-EP-2006 
patients these included one subject with decreased white blood cells and neutropenia 
( ); 1 subject with neutropenia ( ); 2 subjects with febrile neutropenia (

). In the Neulasta patients this includes one patient with neutropenic sepsis 
( . These AEs are related to the chemotherapy, not pegylated G-CSF. They are 
only related to the efficacy of the IP in that the events were not prevented.

Common Adverse Events
A summary of TEAEs with a suspected relationship to IP reported in more than 1 patient 
are presented in Error! Reference source not found..
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(copied from LA-EP06-302 Report page 112 of 3053)
Table 46: LA-EP06-302 Adverse Events with Suspected Relationship to IP

Conclusions:
The major problem with study LA-EP06-302 as a supporting study to support a 
demonstration of biosimilarity is the comparator arm was EU-approved Neulasta. The 
clinical pharmacology review team has determined that the applicant has failed to 
demonstrate PK similarity between LA-EP2006, EU-approved Neulasta, and US-
licensed Neulasta are bioequivalent, therefore an adequate scientific bridge has not 
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been established, and as a result, the relevance of the data derived from LA-EP06-301 
has not been appropriately justified.  

Nothing in Study LA-EP06-302 suggests that there are clinically meaningful differences 
between LA-EP-2006 and EU-approved Neulasta based on DSN after cycle 1. In cycle 
1 >99% of patients received the intended dose intensity of TAC chemotherapy. 
Although 7% of patients did not have a reliable determination of the DSN during cycle 1, 
or received quarantined product, or received commercial pegfilgrastim, an analysis of 
the mean DSN excluding these patients confirmed the results of the primary analysis. 
As described above, however, the applicant has failed to provide an adequate bridge to 
support the relevance of these clinical data in demonstrating biosimilarity to US-licensed 
Neulasta.

There was no evidence that there was any difference in safety profile of LA-EP2006 and 
EU-approved Neulasta. 
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6 Review of Efficacy
Efficacy Summary
Analysis of the two comparative clinical studies, LA-EP06-301 and LA-EP06-302, 
conducted in support of this application are reviewed in sections 5.3.2 and 5.3.3. These 
studies were conducted in women with breast cancer scheduled to receive 6 cycles of 
TAC chemotherapy. The inclusion criteria, endpoints and statistical analysis were 
identical in the trials. The control arm in both studies was EU-approved Neulasta. 

Both studies suggest that there are no clinically meaningful differences between LA-
EP2006 and EU-approved Neulasta based on the endpoint of DSN. However, because 
the clinical pharmacology review team has determined that the applicant has failed to 
demonstrate PK similarity in study LA-EP06-101 (a 3-way, PK and PD similarity study 
comparing LA-EP2006, EU-Neulasta, and US Neulasta) among  LA-EP2006, EU-
Neulasta, and US-Neulasta, the applicant has not established an adequate scientific 
bridge to justify the relevance of the data derived from LA-EP06-301 in demonstrating 
biosimilarity of LA-EP2006 to U.S.-licensed Neulasta.

6.1 Indication

Proposed Indication: 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.

6.1.1 Methods

See sections 5.3.2 and 5.3.3.

6.1.2 Demographics

See sections 5.3.2 and 5.3.3.

6.1.3 Subject Disposition

See sections 5.3.2 and 5.3.3.

6.1.4 Analysis of Primary Endpoint(s)

See sections 5.3.2 and 5.3.3.
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6.1.5 Analysis of Secondary Endpoints(s)

See sections 5.3.2 and 5.3.3.

6.1.6 Other Endpoints

Not reviewed.

6.1.7 Subpopulations

In the pooled population analysis of LA-EP06-301 and LA-EP06-302 the evaluation of 
DSN was not affected by kind of therapy (neoadjuvant or adjuvant), age (≤ 65 years or > 
65 years), race (white, Asian), region (Europe, America, or Asia), stage (I, II, III). ECOG 
status (0, 1).

6.1.8 Analysis of Clinical Information Relevant to Dosing Recommendations

Not applicable.

6.1.9 Discussion of Persistence of Efficacy and/or Tolerance Effects

Not applicable.

6.1.10 Additional Efficacy Issues/Analyses

None.
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7 Review of Safety
Safety Summary
No differences between the safety profile of LA-EP2006 and Neulasta were identified in 
the reviews of LA-EP06-101, LA-EP06-301, and LA-EP06-302. 

7.1 Methods

7.1.1 Studies/Clinical Trials Used to Evaluate Safety

Table 47: Table of Clinical Trials

Study Title Description

LA-EP06-101

Pharmacokinetic and pharmacodynamic 
comparison of LA-EP2006 with the 
reference product Neulasta® (EU- and US-
registered) after single dose subcutaneous 
application in healthy subjects

Randomized, three-arm, parallel group PK/PD study in 279 
healthy volunteers using US-licensed and EU-authorized 
Neulasta as active comparators

LA-EP06-301

A randomized, double-blind, parallel-group, 
multi-center Phase III comparative study 
investigating efficacy and safety of LA-
EP2006 and Neulasta® in breast cancer 
patients treated with myelosuppressive 
chemotherapy

Randomized, double-blind, parallel-group, active-controlled, 
multi-center Phase 3 study in 316 women with breast cancer 
having an indication for neo-adjuvant or adjuvant treatment 
with TAC (Taxotere [docetaxel],Adriamycin [doxorubicin] and 
Cytoxan [cyclophosphamide])  chemotherapy comparing 6 mg 
LA-EP2006 to 6 mg EU-approved Neulasta injected 
subcutaneously. The primary endpoint was DSN.

LA-EP06-302
Pivotal study in breast cancer patients 
investigating efficacy and safety of LA-
EP2006 and Neulasta

A randomized, double-blind, parallel-group, active-controlled, 
multi-center Phase 3 study in 308 women with breast cancer 
having an indication for neo-adjuvant or adjuvant treatment 
with TAC chemotherapy comparing 6 mg LA-EP2006 to 6 mg 
EU-approved Neulasta injected subcutaneously. The primary 
endpoint was DSN.

7.1.2 Categorization of Adverse Events

Adverse events (AEs) were coded with the Medical Dictionary for Regulatory Activities 
(MedDRA), Version 12.1 for LA-EP06-101,.version 16.0 in LA-EP06-301, and 16.1 in A-
EP06-302. 

7.1.3 Pooling of Data Across Studies/Clinical Trials to Estimate and Compare 
Incidence

Results from LA-EP06-301 and LA-EP06-302 were pooled in a cross study analysis as 
these were conducted in patients receiving chemotherapy. The safety evaluation LA-
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EP2006 in healthy volunteers is not included in the pooled analysis. See section 5.3.1 
for safety evaluation in this study.

7.2 Adequacy of Safety Assessments

7.2.1 Overall Exposure at Appropriate Doses/Durations and Demographics of 
Target Populations

See sections 5.3.2 and 5.3.3 for details. Exposure to appropriate dose on IP agent and 
chemotherapy was adequate and balance between study arms. Demographics were 
balanced between study arms. 

7.2.2 Explorations for Dose Response

Not a component of the application.

7.2.3 Special Animal and/or In Vitro Testing

Not a component of the application.

7.2.4 Routine Clinical Testing

(copied from Protocol LA-EP06-101 Appendix 16.1.1 page 39 of 387)
Table 48: LA-EP06-101 Assessment Schedule
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(copied from Protocol LA-EP06-301 Appendix 16.1.1 page 33/34 of 175)
Table 49: LA-EP06-301 and LA-EP06-302 Assessment Schedule

7.2.5 Metabolic, Clearance, and Interaction Workup

Not a component of the application.

7.2.6 Evaluation for Potential Adverse Events for Similar Drugs in Drug Class

The significant class-specific AEs were described in Section 2.4. These were included 
in the evaluation of AEs in the analysis of the trials and no additional assessments of 
these events were made.

7.3 Major Safety Results

7.3.1 Deaths

See sections 5.3.2 and 5.3.3 for details.
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7.3.2 Nonfatal Serious Adverse Events

See sections 5.3.2 and 5.3.3 for details.

7.3.3 Dropouts and/or Discontinuations

See sections 5.3.2 and 5.3.3 for details.

7.3.4 Significant Adverse Events

See sections 5.3.2 and 5.3.3 for details.

7.3.5 Submission Specific Primary Safety Concerns

Not a component of the application.

7.4 Supportive Safety Results

7.4.1 Common Adverse Events

See sections 5.3.1, 5.3.2 and 5.3.3 for details.

7.4.2 Laboratory Findings 

(copied from LA-EP06-301 Report page 128 of 3053)
The clinical chemistry parameters were similar between the treatment groups and small 
in either treatment group (≤ 2%) at any time point.

(copied from LA-EP06-302 Report page 67 of 3033)
The clinical chemistry parameters were similar between the treatment groups and small 
in either treatment group (≤ 2%) at any time point.

7.4.3 Vital Signs

(copied from LA-EP06-301 Report page 115 of 3053)
No relevant changes were seen in systolic and diastolic blood pressure between 
baseline and end of treatment measurements. This was also valid for pulse rate and 
breathing rate

(copied from LA-EP06-302 Report page 129 of 3033)
No relevant differences in mean or median systolic or diastolic blood pressure were 
observed between LA-EP2006 treated and Neulasta treated patients at any time point.

7.4.4 Electrocardiograms (ECGs)
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(copied from LA-EP06-301 Report page 115 of 3053)
Abnormalities in ECG recordings were observed at screening as well as at end of 
treatment. These were not regarded as clinically significant with the exception of the 
findings in Patient  who was treated with Neulasta and who had an abnormal, 
clinically significant ECG recording at end of treatment.

(copied from LA-EP06-302 Report page 67 of 3033)
12-Lead ECG was evaluated at screening and at end of treatment. At both time points,
abnormalities in ECG recordings were observed, most of which were not regarded as
clinically significant. The abnormalities were not considered to be related to IP.

7.4.5 Special Safety Studies/Clinical Trials

Not a component of the application.

7.4.6 Immunogenicity

See Office of Biologic Product review.

7.5 Other Safety Explorations

Not a component of the application.

7.6 Additional Safety Evaluations

Not a component of the application.

7.7 Additional Submissions / Safety Issues

Not a component of the application.
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8 Postmarket Experience

The product is not approved. 
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9 Appendices

9.1 Literature Review/References

Blackwell S, Crawford J. 1994 Filgrastim (r-metHuG-CSF) in the chemotherapy setting. 
In: Morstyn G, Dexter TM, eds. Filgrastim (r-metHuG-CSF) in Clinical Practice. New 
York: Marcel Dekker, pp. 103-116.

Crawford J, Dale DC, et al. 2008 Risk and timing of neutropenic events in adult cancer 
patients receiving chemotherapy: the results of a prospective nationwide study of 
oncology practice. J Natl Compr Canc Net 6:109-18.

Gootenberg JE. 2002 Clinical review of BLA STN 12503. Accessed 1/7/2013 from
http://www.accessdata.fda.gov/drugsatfda_docs/nda/2002/125031_0000_NeulastaTOC.
cfm

9.2 Labeling Recommendations

Not relevant as the product will not be approved at this time. 

9.3 Advisory Committee Meeting

There was no advisory committee meeting.
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1. EXECUTIVE SUMMARY: (This section was derived in part from the review of Dr. Patricia 
Dinndorf. For details, please see her review). 

On August 27, 2015, Sandoz submitted Biologics License Application (BLA) 761045 for LA-
EP2006 (Ziextenzo), under section 351(k) of the Public Health Service Act. LA-EP2006 is a 
proposed biosimilar to US-licensed Neulasta, and Sandoz is seeking licensure of LA-EP2006 for 
the same following indication for which the reference product, US-licensed Neulasta is 
approved: 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. 

Status of Issues Identified During the Review of BLA 761045:

Analytical Similarity Exercise (OBP): 
Direct analytical comparison of LA-EP2006 and US-licensed Neulasta supports the 
determination that the products are highly similar.  The hypothesis of the applicant that product-
related variants (more in the reference product than in LA-EP2006) could explain the PK 
difference observed in the PK/PD similarity study (see below) is not adequately supported by the 
presented evidence.

Immunogenicity (OBP): No clinically meaningful differences observed.

Drug Product Microbiology (OPQ): 
Several issues (see below) arose from the  inspection of the  manufacturing 
site that are unresolved at this time. These will lead to a recommendation for a complete 
response action.

These issues are as follows: 
1. Discrepancies were identified in media fill data reviewed during the pre-license inspection 
versus the media fill data that was provided in the BLA. Sandoz has committed to update the 
BLA with the correct information and data. 
2. Currently, there are insufficient media fill data to support the proposed filling time 
limit for production. This may be resolved by: a. shortening the production time limit for  
filling until the proposed time limit has been appropriately validated and b. performing additional 
media fills to validate the proposed time limit. 
3. GMP Deficiencies related to media fills were cited during the GMP and pre-license inspection 
of the drug product manufacturing site. On the basis of these deficiencies, OPQ will recommend 
CR.

Facilities Review/Inspections (Office of Compliance): An OAI/WL was issued on 08/06/2015 
for the  manufacturing facility ; this site was re-inspected between 

. Deficiencies  
were still found at the  site in  

Office of Compliance (OC) staff analyzed the response of Sandoz to the deficiencies discovered 
at the  site in and decided to downgrade the OAI to VAI for the 483 warning 
letter issued about the  site.
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The plan going forward is that OC will work with the Applicant to resolve these deficiencies.

Nonclinical (DHOT): The results of the single-dose neutropenic rat PK/PD study demonstrate 
higher exposures to LA-
when compared to EU-Neulasta in a single dose PK study in rats.  However, similar exposures to 
LA-EP2006 and EU-

when samples immediately following the first 
administration are analyzed, the trend to higher AUC with LA-EP2006 than with EU- Neulasta 
was not seen again at low dose levels of growth factors. In addition, following repeated 
administration, similar toxicity profiles are observed in naïve rats given dose level-matched LA-
EP2006 or EU- Neulasta. The reasons for these inconsistencies are not known. 

Clinical Pharmacology (CP): A three-way parallel arm comparison in a clinical PK/PD 
similarity study of LA-EP2006, US-licensed Neulasta and EU-Neulasta for both AUC and Cmax 
failed to demonstrate PK similarity although PD (ANC) similarity was demonstrated. The Office 
of Clinical Pharmacology has recommended a CR.

Clinical Efficacy and Safety (DHP): Two Phase 3 comparative clinical studies in breast cancer 
patients do not suggest that there are clinically meaningful differences between LA-EP2006 and 
EU- Neulasta as measured by the duration of severe neutropenia., However, because the 
applicant was unable to demonstrate PK similarity within the pre-specified acceptance criteria,
the applicant has not been able to adequately establish the PK component of the scientific bridge 
to justify the relevance of these comparative clinical data obtained using EU- Neulasta to support 
a determination of biosimilarity to US-licensed Neulasta.

Regulatory Recommendation of the Secondary Clinical Reviewer: The study LA-EP06-101
“Pharmacokinetic and pharmacodynamic comparison of LA-EP2006 with the reference product 
Neulasta® (EU [European Union ]–approved Neulasta and US-licensed Neulasta) after single 
dose subcutaneous (SC) application in healthy subjects” failed to demonstrate the pair-wise PK 
similarity of LA-EP2006, EU-Neulasta, and US-licensed Neulasta. Sandoz has not adequately 
justified how their PK results support a demonstration of PK similarity. Therefore, the
recommendation of the Secondary Clinical Review is that BLA 761045 not be approved. 

2. BACKGROUND: (This section was derived in part from the review of Dr. Patricia Dinndorf. 
For details, please see her review).

LA-EP2006 acts on hematopoietic cells by binding to specific cell surface receptors for G-CSF.
Signaling through the receptor 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.
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3. CHEMISTRY MANUFACTURING AND CONTROLS (CMC):

3.A.  CMC (Analytical Similarity Exercise): (This section was excerpted from the review of
Dr. Patrick Lynch. For details, please see his review).

Results of the Analytical Similarity Exercise:
1. Overview of Analytical Similarity: Analytical similarity between LA-EP2006 and 

U.S.-licensed Neulasta was evaluated using a tier-based approach. The evaluation included 
potency, protein content, primary structure, higher-order structure, and product-related variants 
(see Appendix 1). Sandoz included clinical and commercial scale lots in the analyses, and FDA 
independently analyzed the statistics for Tier 1 and Tier 2 attributes. Review of physicochemical 
data supports that the products are highly similar with respect to protein structure, pegylation, 
and in vitro bioactivity. There are minor differences in product-related species that may be 
present in higher quantities (up to ~2% for some species) in the reference product than in LA-
EP2006.   

Due to the observed differences in PK exposure for LA-EP2006 and U.S.-licensed Neulasta, the 
OBP review team further considered potential sources of unseen product-related differences that 
may contribute to the PK outcome. Drug ingredients (e.g. PEG and G-CSF), manufacturing 
processes, formulation, product administration, detectability in ELISA, and breadth of the 
analytical similarity methodology were considered. For each product attribute, its potential to 
impact PK and associated risk based on analytical results was considered. 

2. Analytical Similarity Assessment: LA-EP2006 is a conjugate of a 20 kDa 
polyethylene glycol (PEG) moiety covalently linked to the N-terminus of recombinant human G-
CSF. It is publicly known that U.S.-licensed Neupogen is the G-CSF starting material for 
Neulasta (Piedmonte, D.M., and M.J. Treuheit, 2008, Adv. Drug Deliver. Rev., 60:50-58). In 
2015, FDA approved Sandoz’s application for Zarxio as a biosimilar to Neupogen.  

 
 

 Direct analytical comparison of
LA-EP2006 and Neulasta suggest that the products are highly similar with respect to primary 
sequence, secondary structure, tertiary structure, target receptor binding affinity, and in vitro
bioactivity of the proteins (see Appendix 1 below).   

Direct comparison of PEG starting material between products is not possible because Sandoz 
does not have access to the PEG used to produce Neulasta. The applicant believes that methods 
to decouple PEG from peglyated protein introduce the risk for uninterpretable or misleading 
results due to changes in the molecule. Therefore, PEG attributes with potential to impact 
product performance in vivo (molecular weight, polydispersity, linkage site, and linkage 
chemistry) were compared at the level of the fully conjugated protein by mass spectrometry. No 
differences in PEG were identified, and variants of the intact pegylated proteins attributable to 
expected variations in the size of the PEG polymers were essentially superimposable between the 

Reference ID: 3940114

(b) (4)



6

products.  
Based on these 

data, the PEG moieties of the molecules are similar, and the risk for PK differences due to 
dissimilarity in PEG is considered low. 

The analytical similarity methods described in Table 1 were reviewed and considered adequate 
to detect differences in higher order structure, potency, and impurities that may result from 
manufacturing differences. Potential differences in protein concentration and dose administration 
were also considered. No deficiencies were identified. 

3. Evaluation of Product Attributes with Potential to Impact PK: The only clear 
difference between the products revealed by analytical characterization is that higher levels of 
product-related variant species (Di-PEG-GCSF, wrongly-pegylated G-CSF, non-pegylated G-
CSF, aggregates/oligomers, oxidized G-CSF, and de-amidated G-CSF) are consistently observed 
in Neulasta relative to LA-EP2006. Such variants are typical of therapeutic proteins and are 
minimized as much as possible by manufacturing processes, product formulations, and product 
storage conditions, but residual levels in the final product are always present and often increase 
during long term storage. Because the analytical methods used to measure protein content detect 
all protein species present, the labeled doses of both Neulasta and LA-EP2006 include low levels 
of product-related variants.

In clinical lots used for PK/PD studies, approximately 4.4-5.8% higher cumulative variant 
content was measured for Neulasta lots compared to LA-EP2006 lots as described in Table 2.
The primary mechanism of clearance of PEG-G-CSF is uptake of the receptor-bound protein into 
neutrophils, which is also the mechanism by which the molecule stimulates neutrophil 
proliferation. These mechanisms lead to a complex relationship between dose and PK. Sandoz’s 
position is that the product-related variants are either biologically inactive and thus affect PK, or 
the variants are not fully detected by the ELISA assay used to assess PK, or both. The Applicant
proposes these effects result in an effectively lower dose of active ingredient in each Neulasta 
syringe compared to LA-EP2006. Published PK/PD models support a non-linear relationship 
between dose and PK, such that small differences in content cause much larger effects on PK 
(Roskos, L.K., et al., 2006, J. Clin. Pharmacol., 46:747-57). Based on this non-linear PK model, 
Sandoz hypothesizes that the 4.4-5.8% difference in product variants may account for 
approximately 11% of the observed difference in PK (see Table 2).

The hypothesis that small differences in inactive or reduced activity components could have 
relatively larger effects in vivo is plausible. The estimate of an 11% PK effect from the 
cumulative differences in product-related variants assumes that all of the identified variants 
differ significantly from the main protein in their bioactivity or detectability by the PK assay. 
However, the effects of many of the product related variants on PK are not characterized, and 
several variants (e.g. oxidized G-CSF, de-amidated G-CSF) are fully or nearly fully active in 
vitro and have little effect on the detectability of the products by the PK ELISA assay. Such 
variants would not be predicted to affect PK. Thus, the applicant’s hypothesis is speculative and 
is not adequately supported by experimental evidence. In the absence of more definitive 
experimental evidence, a product-related root cause for the PK difference can neither be 
confirmed nor ruled out. We also note that if the underlying cause of the observed PK 
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differences is proven to be that the proposed biosimilar is purer than Neulasta with respect to 
product-related variants, we do not recommend addressing the PK issue by asking the applicant
to modify its manufacturing process to introduce higher levels of variants to more closely match 
those of the reference product.           

Regulatory Recommendation for Analytical Similarity Exercise: Approval

CMC Table 1. Tier assignments and methods used to evaluate analytical similarity 

Quality Attribute Methods Tier 
Assignment

Potency (bioactivity) In vitro proliferation assay using 
murine myelogenous leukemia (NFS-
60) cell line

1

Target binding Surface Plasmon Resonance 3
Protein content UV-absorbance spectroscopy 1
Primary structure Peptide mapping with UV detection

Peptide mapping with MALD-MS/MS 
(pegylation site)
MALDI-TOF-MS (polydispersity)
SEC-MALLS
AF4-MALLS

3

Higher order structure 1D-{1H}-NMR spectroscopy
2D-{1H-15N}-NMR spectroscopy
Far and near UV circular dichroism
Hydrogen/deuterium exchange
FT-IR

3

Muli-pegylated G-CSF RP-HPLC 3
Di-pegylated G-CSF RP-HPLC 2
High-molecular 
variants/dimers/aggregates

SE-HPLC 2

Sub-visible particles Micro-flow imaging
Dynamic light scattering

3

Oxidized variants RP-HPLC 3
Non-pegylated G-CSF SE-HPLC 3
Polydispersity MALDI-MS

ESI-LC-MS
3

Deamidation RP-HPLC
CEX-HPLC

3

Wrongly pegylated variant CEX-HPLC 3
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CMC Table 2. Potential impact of product-related variants on PK

Variant Difference in 
Neulasta levels 
compared to LA-
EP2006 for clinical 
lots (method)1

Evaluation of risk for variant to 
impact PK

Applicant’s 
estimate of PK 
effect on Neulasta 
compared to LA-
EP20062

Di-pegylated species 0.3-0.4% higher 
(RP-HPLC)

High risk: lowers in vitro 
activity, increases half-life, 
lowers ELISA detectability

0.8% lower 

Wrongly-pegylated 
species

0.4%-0.6% higher 
(CEX)

Low risk: No impact expected 
based on animal studies 

No effect

Unpegylated G-CSF 0.1-0.2% higher 
(SEC)

High risk: Greatly reduced half-
life (renal clearance)

3% lower 

Aggregate/oligomer 
species

1.0-1.2% higher  
(SEC)

Moderate-to-high risk: Impact 
poorly understood. May affect 
bioavailability, likely affects 
receptor binding

2.3% lower if 
decreases 
bioavailability; 
higher exposure if 
lowers neutrophil-
mediated clearance 

Oxidized species 0.5-0.7% higher  
(RP-HPLC)

Moderate risk: Lowers ELISA 
detectability, slightly lowers in 
vitro activity

0.2% lower

Deamidated species 2.4-2.6% higher 
(RP-HPLC)

Low-to-moderate risk: No 
effect on ELISA detectability 
or in vitro potency; applicant
hypothesizes may increase in 
vivo protein breakdown

4.9% lower

Sum of all variants 4.4-5.8% higher 
content in Neulasta

Di-pegylated, unpegylated 
variants known to affect PK. 
Other variants’ effects not well 
characterized

Up to 11.2% lower 
exposure for 
Neulasta

1Values represent differences in individual variant content measured in Neulasta clinical lots relative to LA-EP2006 clinical lots (i.e. “higher” 
means Neulasta has higher levels than LA-EP2006).
.
2Applicant’s estimate of the difference in observed AUC for Neulasta compared to LA-EP2006 contributed by each variant, based on 
assumptions from non-linear PK models and predictions for how each variant impacts the effective dose; “lower” means the applicant estimates 
PK for Neulasta will be lower than LA-EP2006 by the stated % due to the measured difference in the level of a variant.

3.B. Drug Product Microbiology CMC (OPQ): (This section was excerpted from the review of 
Dr. Chi Bo).

Issues (see below) arose from the  inspection of the manufacturing site that 
are still unresolved at this time. These unresolved issues will lead to a recommendation for a 
Complete Response. These deficiencies were uncovered in the  inspection of the 

 manufacturing site .

These issues are as follows: 
1. Discrepancies were identified in media fill data reviewed during the pre-license 

inspection versus the media fill data that was provided in the BLA. Sandoz has committed to 
update the BLA with the correct information and data. 

Reference ID: 3940114

(b) (4) (b) (4)

(b) (4)

(b) (4) (b) (4)



9

2. Currently, there are insufficient media fill data to support the proposed  filling 
time limit for production. This may be resolved by: a. shortening the production time limit for 

filling until the proposed time limit has been appropriately validated and b. performing 
additional media fills to validate the proposed time limit. 

3. GMP Deficiencies related to media fills were cited during the GMP and pre-license 
inspection of the drug product manufacturing site.

Regulatory Recommendation: Complete Response.

4. PHARMACOLOGY/TOXICOLOGY: (This section was based on the reviews of Dr. Pedro 
Del Valle and Dr. Christopher M. Sheth. For details, please see their reviews.)

Good laboratory practice (GLP)-compliant comparative animal studies were reviewed to assess 
the similarity of LA-EP2006 pharmacodynamics (PD), pharmacokinetics (PK), toxicity and 
toxicokinetics with respect to EU-Neulasta.

These studies included:
1. A single-dose subcutaneous administration PK/PD study (See Figure 1) of LA-EP2006 

and EU-Neulasta in neutropenic rats (Study LA-EP2006-008).
a. The single dose levels in rats approximate:

i.
ii.

iii.
iv.

2. A repeat-dose subcutaneous administration toxicology and toxicokinetics study (see 
Table 3) of LA-EP2006 and EU-Neulasta using various dosing regimens in naive rats 
(Study LA-EP2006-006).

a. The repeat-dosing regimens included:
i. 4 weeks

ii.
iii.

As shown in Figure 1), the comparative single-dose PK/PD study showed higher LA-
EP2006/EU-

.  The AUC 
ratio (LA-EP2006/EU-Neulas

indicating similar exposure to LA-EP2006 and EU-Neulasta at a clinically relevant dose (700 
sed on the dose of 6 mg used in the clinical studies).
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Figure 1

In the repeat-dose toxicity and toxicokinetic study (see Table 3 below), all of the dosing 
regimens were more intensive than the clinical regimen (in dose or frequency) of once per 
chemotherapy cycle (usually q3w).  The results of analyses of AUC after the first dose (see left 
side of Table 3), did not show the trend to higher AUC LA-EO2006/Neulasta ratios that were 
seen in the single dose study (see Figure 1). In contrast, the results of all of the data from the 4-
week q2d regimen in the repeat dose study (see right side of Table 3), showed that both drugs 
had similar toxicity profiles in naïve rats, despite there being moderately to markedly higher 
AUC ratios of 
consistent with the higher LA-EP2006/EU-
single-dose PK/PD study.

Table 3: Multiple Dose Study

In conclusion, the results of the single-dose neutropenic rat PK/PD study demonstrate higher 
exposures to LA- kg) when 
compared to EU-Neulasta.  However, similar exposures to LA-EP2006 and EU-Neulasta are 
ac
administration, a similar trend to higher AUC with LA-EP2006 than with EU-Neulasta was seen 
again at low dose levels of growth factors. In addition, following repeated administration, similar 
toxicity profiles are observed in naïve rats given dose level-matched LA-EP2006 or EU-
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Neulasta, despite higher LA-EP2006/EU-Neulasta AUC ratios at dose levels below that which 
are clinically relevant.

Regulatory Recommendation of the Pharmacology/Toxicology Reviewer: Recommend 
approval. 

5. CLINICAL PHARMACOLOGY: (This section was excerpted from the reviews of Dr. Walt 
Cao and Dr. Bahru Habtemariam. For details, please see their reviews.).

Executive Summary:

To support the 351 (k) Biologic License Application (BLA) for ZIEXTENZO (LA-EP2006)) as 
a biosimilar to US-licensed Neulasta (licensed under BLA 125031 by Amgen Inc.), the applicant 
submitted data from two clinical studies that included pharmacokinetic (PK) and  
pharmacodynamic (PD) similarity assessments in healthy subjects and in patients with breast 
cancer. 

Study LA-EP06-101 was a single dose PK and PD study in healthy subjects (N=279, 93/arm) 
that compared the PK and PD of LA-EP2006, US-licensed Neulasta, and EU-Neulasta in a 3-arm 
parallel study design following the administration of 6 mg subcutaneous dose. The pre-specified 
PK and PD similarity criteria were that the 90% confidence interval (CI) of the geometric mean 
ratio (GMR) of the test and the comparator products in pairwise comparisons should be within 
the 80 to 125% range. 

A second study, LA-EP06-302 compared the efficacy, safety, and PK of LA-EP2006 and EU-
Neulasta in 308 breast cancer patients. In this study, PK data were collected in a sub-set of 58 
patients and PK assessment was considered by the applicant supportive of the demonstration of 
PK similarity.

All three pairwise PK comparisons for both AUC and Cmax in the single dose PK/PD study LA-
EP06-101 failed to meet the pre-specified assessment criteria. The upper bounds of the 90% CI 
for both Cmax and AUC were over 125% acceptance range upper limit. The 90% CI of the three 
pairwise PD comparisons (i.e., absolute neutrophil counts (ANC)), were within the 80 to 125% 
range, meeting the pre-specified similarity criteria. 

Although PK assessment in study LA-EP06-302 was intended to be supportive, the PK data 
showed unusually high GMR between LA-EP2006 and EU-Neulasta. Furthermore, when LA-
EP2006 was compared to either US-licensed Neulasta or EU-Neulasta, there was high AUC 
GMR both in animal and human studies. The data show a trend toward higher exposure of LA-
EP2006 when compared to US-licensed Neulasta and EU-Neulasta (Table 4).  
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Table 4. Cross study comparison of LA-EP2006 PK similarity assessments

Study Subjects Comparison
Geometric Mean Ratio (90% CI)
AUC0-inf
(ng*h/mL)

Cmax
(ng/mL)

Pivotal 
PK/PD 
Study
LA-EP06-
101

Healthy 
subjects

LA-EP2006 vs EU 
Neulasta 111 (90 – 136) 102 (81 - 127)

LA-EP2006 vs US 
Neulasta 115 (92 – 142) 107 (85 -136)

EU Neu vs US Neulasta 104 (84 – 129) 106 (85 - 132)
Supportive 
PK/PD 
Study
LA-EP06-
302

Breast Cancer 
Patients

LA-EP2006 vs EU 
Neulasta 121 (96 -180) 123 (85 -179)

Supportive *
(Rat 
PK/PD )

Neutopic Rats LA-EP2006 vs EU 
Neulasta 1.20  (NA) 1.27 (NA)

*rat study: 4 μg/kg dose

After examination of the submitted human and animal PK and PD data, the Clinical 
Pharmacology review team concluded that Applicant failed to demonstrate PK similarity 
between LA-EP2006, US-licensed Neulasta, and EU-Neulasta.

Regulatory Recommendations:

The pharmacokinetic similarity assessment is a critical element in the demonstration of 
biosimilarity of a proposed biosimilar product to the reference product. The clinical PK and PD 
study has not demonstrated PK similarity between the proposed biosimilar product and US-
licensed Neulasta. The Office of Clinical Pharmacology, Division of Clinical Pharmacology V
recommends non-approval of the application.  

Recommendation to the Applicant:

1. We recommend that the applicant conduct further root cause analyses to identify factors that 
may have led to the inability to demonstrate PK similarity. 

2. Once the root causes are identified, the applicant should conduct a feasibility assessment to 
determine whether developing LA-EP2006 as a proposed biosimilar product under Section
351(k) of the PHS Act is still a viable option for licensure of LA-EP2006.

3. If the results of the feasibility assessment are supportive of continued development of LA-
EP2006 as a proposed biosimilar to US-licensed Neupogen, the applicant should consider
conducting an adequately designed study to demonstrate PK and PD similarity of LA-
EPO2006 and US-licensed Neulasta in healthy subjects. The applicant should consider a
cross-over study with a sample size estimation based on the expected mean AUC and Cmax 
differences and publicly available PK variability of pegylated G-CSF.
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4. Alternatively, the applicant may consider developing LA-EP2006 to be submitted under 
Section 351(a) of the PHS Act.

6. EFFICACY FROM CLINICAL AND STATISTICS: (This section is excerpted from the
reviews of Dr. Patricia Dinndorf and Dr. Yun Wang. For details, please see their reviews.)

Sandoz submitted data on two randomized controlled studies (LA-EP06-301 and LA-EP06-302) 
in which the safety and efficacy of LA-EP2006 was compared to EU-Neulasta in the setting of 
chemotherapy of patients with breast cancer.

It was planned to randomize 151 patients in each of the treatment groups in a 1:1 ratio in both 
studies LA-EP06-301 and LA-EP06-302. In Study LA-EP06-301, randomization was stratified 
by chemotherapy category (adjuvant or neo-adjuvant) and region (geographically located in 
Europe, Asia, or America). Study LA-EP06-302 had an ECG/PK sub-study planned in a subset 
of 50 patients. Randomization for patients who did not take part in the ECG sub-study was 
stratified by chemotherapy category (adjuvant or neo-adjuvant) and region (US, Asia, and ‘rest 
of world’). Patients who took part in the sub-study were stratified by chemotherapy category and 

A total of 316 patients were enrolled and treated in Study LA-EP06-301 between 28 June 2012 
and 07 September 2013 from 38 sites in 6 countries. Last patient last visit for 6-month follow-up
was 11 February 2014. The original protocol for Study LA-EP06-301 was dated 21 October 
2011, and the latest version was Amendment 2 dated 03 September 2012. A total of 308 patients 
were enrolled and treated in Study LA-EP06-302 between 05 March 2012 and 25 November 
2013 from 52 sites in 8 countries. Last patient last visit for 4-week follow-up was 04 December 
2013. The original protocol for Study LA-EP06-302 was dated 22 July 2011, and the latest 
version was Amendment 3 dated 10 May 2012.

Primary Endpoint:
The primary efficacy endpoint was the mean DSN in Cycle 1. The DSN was set to 0 in patients 
who did not experience severe neutropenia in Cycle 1. In patients who experienced several 
episodes of severe neutropenia, the number of days for each episode was summed up.

Secondary Endpoints:
Incidence of febrile neutropenia
Fever episode
Depth and time of ANC nadir in cycle 1
Time to ANC recovery (> 2*109/L)
Frequency of infection
Mortality due to infection
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9/L for all time points after administration of chemotherapy the time was 
set to 0 day. The incidence of FN was calculated as the number of patients with at least one 
episode of FN divided by the number of patients at risk in a given time interval (in each cycle the 
period between Day 2 to Day 15 was considered for the analysis). FN was defined as having both 

9/L on the same day. 

Statistical Methodologies:
The primary efficacy endpoint was analyzed using an analysis of co-variance (ANCOVA) with 
treatment group, kind of chemotherapy and baseline ANC value as a covariate. The mean DSN 
in each treatment group and the difference of means will be presented as well as the 90% 
confidence limit of the difference between mean DSNs in each treatment group. Equivalence will 
be concluded, if the confidence interval lies entirely within the equivalence margins of ± 1 day.
Secondary endpoints were analyzed with descriptive statistics.

The equivalence limit of ±1 day was chosen based on the fact that TAC chemotherapy is known 
to induce a median DSN of seven days in breast cancer patients receiving no G-CSF treatment, 
while G-CSF treatment reduces the mean DSN for this chemotherapy to 1.4 days (95% CI: 1.07 -
1.69). Therefore, a non-inferiority limit of -1 day preserves approximately 80% of the treatment 
effect of Neupogen®. Moreover, in the Amgen studies conducted to support the approval of the 
long-acting rh-G-CSF Neulasta®, a single dose of pegfilgrastim (Neulasta®) was compared to 
daily administrations of filgrastim (Neupogen®) with a non-inferiority margin of -1 day for the 
duration of Grade 4 neutropenia in breast cancer patients treated with myelosuppressive 
chemotherapy. This limit was accepted by both the Food and Drug Administration (FDA) and 
the European Medicines Agency (EMA) for the registration of Neulasta®. A limit of -1 day was 
also accepted by the EMA during the Scientific Advice procedure for the development of LA-
EP2006 as a biosimilar to EU-Neulasta. This 1-day difference in DSN would be anticipated to 
result in approximately a 10% difference in febrile neutropenia, which is considered not 
clinically meaningful difference in FN incidence.

Sample Size Calculation:
The following assumptions are made for the sample size determination:

Equivalence limit: ±1 day
Expected difference in the means: 0 days
Common standard deviation: 1.6 days
Power: 90%
Significance level: 2.5% (two-sided 95% confidence intervals)
Randomization ratio: 1:1 (LA-EP2006:EU-Neulasta)

Then, 302 evaluable patients are sufficient to achieve at least 90% power for testing equivalence 
with respect to a margin of ± 1 day using a two one-sided test procedure (TOST) for equivalence 
in means where each test is performed at the 2.5% level.

LA-EP06-301: Clinical Trial Title: “A randomized, double-blind, parallel-group, multi-
center Phase 3 comparative study investigating efficacy and safety of LA-EP2006 and 
Neulasta in breast cancer patients treated with myelosuppressive chemotherapy”
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Dose of Growth Factor: 6 mg in 6 ml of pegfilgrastim (LA-EP2006 or EU Neulasta)
Route: subcutaneous
Schedule: single dose day 2 at least 24 hours after last chemotherapy 

TAC chemotherapy was used to treat breast cancer (see Table 5 below). The days of severe 
neutropenia without growth factor with TAC chemotherapy is 7 days and with growth factor 
support is 2 days for an effect size of 5 days.

Table 5: LA-EP06-301 TAC Chemotherapy
TAC Chemotherapy

Drug Order of 
Administration Dose Day Given

Docetaxel (Taxotere) 3 75 mg/m2 Day 1
Doxorubicin (Adriamycin) 1 50 mg/m2 Day 1
Cyclophosphamide (Cytoxan) 2 500 mg/m2 Day 1

The schema for the LA-EP06-301 is presented below in Figure 2.
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Figure 2: LA-EP06-301 Trial Schema

Primary Endpoint:
The primary analysis of primary endpoint, duration of severe neutropenia (DSN), for Study LA-
EP06-301 is summarized in Table 6. Mean DSN in Cycle 1 was 0.75 days in patients treated 
with LA-EP2006 and 0.83 days in patients treated with EU-Neulasta. DSN ranged from 0 to 3 
days (LA-EP006) and from 0 to 4 days (EU-Neulasta), respectively. The difference in mean 
DSN was -0.07 days and the corresponding 90% confidence interval was (-0.24, 0.10) which lies 
within the ±1 day equivalence margin.

Table 6: Primary analysis for duration of severe neutropenia (DSN) in Cycle 1 – FAS, 
Study LA-EP06-301

LA-EP2006
(N=159)

EU-Neulasta
(N=157)

N 155 155
Mean (SD) 0.75 (0.88) 0.83 (0.90)
Median 1.0 1.0
Range (0.0, 3.0) (0.0, 4.0)
Difference in mean (90% CI) -0.07 (-0.24, 0.10)
DSN Categorical, n (%)
0 77 (49.7) 68 (43.9)
1-2 72 (46.4) 79 (51.0)

6 (3.9) 8 (5.2)
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Conclusion: The study did not suggest any clinically meaningful differences on the endpoints as 
shown in Table 6 above.

LA-EP06-302:  Clinical Trial Title: “Pivotal study in breast cancer patients investigating 
efficacy and safety of LA-EP2006 and Neulasta (EU-licensed)”. The dose for LA-EP06-302 
was 6 mg in 6 ml of pegfilgrastim (LA-EP2006 or EU-Neulasta), subcutaneous as a single dose 
day 2 at least 24 hours after last chemotherapy. TAC chemotherapy was used in the EP06-302
trial as shown below in Table 7.

Table 7: LA-EP06-302 TAC Chemotherapy
TAC Chemotherapy

Drug Order of 
Administration Dose Day Given

Docetaxel (Taxotere) 3 75 mg/m2 Day 1
Doxorubicin (Adriamycin) 1 50 mg/m2 Day 1
Cyclophosphamide (Cytoxan) 2 500 mg/m2 Day 1

The schema for the EP06-302 trial is shown below in Figure 3.

Figure 3

The primary analysis of primary endpoint duration of severe neutropenia (DSN) for Study LA-
EP06-302 is summarized below in Table 8. Mean DSN in Cycle 1 was 1.36 days in patients 
treated with LA-EP2006 and 1.19 days in patients treated with EU-Neulasta. DSN ranged from 0 
to 6 days (LA-EP006) and from 0 to 4 days (EU-Neulasta), respectively. The difference in mean 
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DSN was 0.16 days and the corresponding 90% confidence interval was (-0.04, 0.37) which lies 
within the ±1 day equivalence margin. 

Table 8: Primary analysis for duration of severe neutropenia (DSN) in Cycle 1 – FAS,
Study LA-EP06-302

LA-EP2006
(N=155)

EU-Neulasta
(N=153)

N 151 149
Mean (SD) 1.36 (1.13) 1.19 (0.98)
Median 1.0 1.0
Range (0.0, 6.0) (0.0, 4.0)
Difference in mean (90% CI) 0.16 (-0.04, 0.37)
DSN Categorical, n (%)
0 42 (27.8) 40 (26.9)
1-2 89 (58.9) 95 (63.8)

20 (13.2) 14 (9.4)

Reviewer’s comment:
Eight patients (4 from each treatment arm) were not included in efficacy analysis due to 
blind date review meeting (BDRM) decision because no ANC profiles available.
Both studies LA-EP06-301 and LA-EP06-302 support that LA-EP2006 is similar to EU-
Neulasta in terms of efficacy.
We believe that the equivalence margin of 1 day is appropriate. 

“A 1-day difference in DSN would be anticipated to result in approximately a 10% difference in 
febrile neutropenia. This was felt to be a meaningful and practical difference to exclude when 
comparing Pegfilgrastim and Filgrastim.”

Secondary Endpoints:
Descriptive statistics were summarized for secondary endpoints. In both studies, there were no 
marked differences between two treatment arms in the analysis results for secondary endpoints.

Incidence of Febrile Neutropenia:
In Study LA-EP06-301, 21 (6.6%) patients (LA-EP2006: 5.7%; EU-Neulasta: 7.6%) experienced 
at least one episode of febrile neutropenia across all cycles.
In Study LA-EP06-302, 36 (11.7%) patients (LA-EP2006: 10.3%; EU-Neulasta: 13.1%) 
experienced at least one episode of febrile neutropenia across all cycles.

Fever Episode:
In Study LA-EP06-301, 52 (16.5%) patients (LA-EP2006: 16.4%; EU-Neulasta: 16.6%) 
experienced at least one episode of fever across all cycles.
In Study LA-EP06-302, 67 (21.8%) patients (LA-EP2006: 20.6%; EU-Neulasta: 22.9%) 
experienced at least one episode of fever across all cycles.
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Depth and Time of Absolute Neutrophil Count (ANC) Nadir in Cycle 1:
In Study LA-EP06-301, the mean (SD) depth of ANC nadir in cycle 1 was 1.12 (1.55) for 
patients in LA-EP2006 arm and 0.94 (1.19) for patients in EU-Neulasta arm.
In Study LA-EP06-302, the mean (SD) depth of ANC nadir in cycle 1 was 0.49 (0.72) for 
patients in LA-EP2006 arm and 0.44 (0.57) for patients in EU-Neulasta arm.

Time to Recovery of ANC Nadir:
In Study LA-EP06-301, the mean (SD) time to recovery from ANC nadir were 1.58 (1.05) days 
and 1.72 (1.10) days, for EP2006 and EU-Neulasta, respectively.
In Study LA-EP06-302, the mean (SD) time to recovery from ANC nadir were 2.11 (0.89) days 
and 2.04 (0.95) days, for EP2006 and EU-Neulasta, respectively.

Frequency of infection:
In Study LA-EP06-301, 46 (14.6%) patients (LA-EP2006: 13.8%; EU-Neulasta: 15.3%) 
experienced at least one episode of infection across all cycles.
In Study LA-EP06-302, 58 (18.8%) patients (LA-EP2006: 16.8%; EU-Neulasta: 20.9%) 
experienced at least one episode of fever across all cycles.

Mortality Due to Infection:
In Study LA-EP06-301, 2 patients in EU-Neulasta arm died due to infection. In Study LA-EP06-
302, no patient died due to an infection.

Regulatory Recommendation: Analysis of EP06-301 and EP06-302 does not suggest that there
are clinically meaningful differences between LA-EP2006 and Neulasta. However, the applicant 
may not rely on this data for demonstration of no clinically meaningful differences between LA-
EP2006 and US-licensed Neulasta since the comparator in both studies was EU-Neulasta and the 
applicant has failed to provide an adequate scientific bridge to justify the relevance of these data 
in demonstrating biosimilarity to U.S.-Neulasta. Therefore, clinical is recommending a Complete 
Response.

7. SAFETY: (This section is excerpted from the review of Dr. Patricia Dinndorf. For details, 
please see her review).

Safety for LA-EP06-301:

A summary of TEAEs from the LA-EP06-301 trial is presented below in Table 9. A summary of 
all the deaths in the LA-EP06-301 trial is presented in Table 10.
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Table9: LA-EP06-301 Summary of Treatment Emergent Adverse Events

Table 10: LA-EP06-301 Deaths
Patient ID Treatment Description 

LA-EP-
2006

The patient received cycle 5 TAC, on day 84 and LA-EP-2006 on 
day 85. The patient experienced cardiac arrest on day 98.

LA-EP-
2006

The patient received cycle 4 TAC, on day 63 and LA-EP-2006 on 
day 64. The patient experienced cardio-pulmonary arrest on day 80. 
Prior to the arrest the patient was experiencing hypoglycemia.

LA-EP-
2006

The patient received cycle 1 TAC, on day -1 and LA-EP-2006 on 
day 1. The patient developed febrile neutropenia, dyspnea and 
diarrhea on day 7. The patient experienced cardio-pulmonary arrest 
on day 8. 

Neulasta The patient received cycle 1 TAC, on day -1 and Neulasta on day 1. 
The patient developed febrile neutropenia, dyspnea and diarrhea on 
day 7. The patient was diagnosed with bacterial pneumonia on day 8 
and died on day 11.

Neulasta The patient received cycle 5 TAC, on day 84 and LA-EP-2006 on 
day 85. The patient experienced life-threatening events of lower 
respiratory tract infection and disease
progression on Day 98

The SAEs suspected to be related to study drug were reported in 3 subjects assigned to LA-
EP2006. These included one subject ) with one episode of febrile neutropenia (cycle 1); 
one subject ( ) with one episode of febrile neutropenia (cycle 1) and a separate episode of 
neutropenic sepsis (cycle 6); and one subject (  with 4 episodes of febrile neutropenia 
(cycle 3&4), and a separate episode of neutropenic sepsis (cycle 5). These SAEs of febrile 
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neutropenia and neutropenic sepsis are related to chemotherapy. They are only related to the 
efficacy of the IP in that the events were not prevented. A summary of TEAEs with a suspected 
relationship to IP reported in more than 1 patient are presented below in Table 11. The incidence 
of febrile neutropenia regardless of attribution was balanced between the arms.

Table11: LA-EP06-301 Adverse Events with Suspected Relationship to IP

Conclusions: The LA-EP06-301 study demonstrated that LA-EP-2006 was not clinically 
different to EU-Neulasta based on DSN after cycle 1. In cycle 1 99% of patients received the 
intended dose intensity of TAC chemotherapy. Although 8% of patients did not have a reliable 
determination of the DSN during cycle 1, or received quarantined product, or received 
commercial pegfilgrastim, an analysis of the mean DSN excluding these patients confirmed the 
results of the primary analysis. 
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There was no evidence in Study LA06-301 that there was any clinically meaningful difference in 
the safety profile of LA-EP2006 and EU- Neulasta. 

However, the issue with this study as a supportive study for a demonstration of no clinically 
meaningful differences is that the comparator arm used EU-Neulasta. The acceptability of this 
study to support a demonstration of no clinically meaningful differences between LA-EP2006 
and US-licensed Neulasta is based on establishing an adequate scientific bridge to justify the 
relevance of data obtained using EU-Neulasta to support a demonstration of biosimilarity to US-
licensed Neulasta.  Because the applicant failed to demonstrate PK similarity in LA-EP06-101, 
there is not an adequate scientific bridge to justify the relevance these data.

Safety for LA-EP06-302:

A summary of TEAEs in the LA-EP06-302 trial is presented below in Table 12. The deaths are 
presented in Table 13.

Table 12: LA-EP06-302 Summary of Treatment Emergent Adverse Events

Table13: LA-EP06-302 Deaths
Patient ID Treatment Description 

LA-EP-
2006

The patient received cycle 1 TAC, on day -1 and LA-EP-2006 on 
day 1. On day 14 she experienced gastric ulcer hemorrhage and 
hepatic necrosis; on day 15 she experienced hemorrhagic shock, 
renal hemorrhage, renal failure, hepatic hemorrhage, and pericardial 
hemorrhage and died. 

LA-EP-
2006

The patient received cycle 2 TAC on day 24 and LA-EP2006 on day 
25. On day 36 the patient experienced a pulmonary embolism and 
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died day 36 of sudden cardiac arrest.
LA-EP-
2006

The patient received cycle 1 TAC, on day -1 and LA-EP-2006 on 
day 1. The patient died of cardio-respiratory arrest on Day 8.

Neulasta The patient received cycle 3 TAC on day 42 and Neulasta on day 43.
The patient was diagnosed with progression of breast cancer on day 
63 and died day 204.

Neulasta The patient received cycle 1 TAC on day 1 and Neulasta on day -1. 
The patient died of suicide on day 12. 

The SAEs suspected to be related to study drug were reported in 4 subjects assigned to LA-
EP2006 and 1 subject assigned to Neulasta. In the LA-EP-2006 patients these included one 
subject with decreased white blood cells and neutropenia ( ); 1 subject with neutropenia 

); 2 subjects with febrile neutropenia ( ). In the Neulasta patients this 
includes one patient with neutropenic sepsis ( ). These AEs are related to the 
chemotherapy, not pegfilgrastim. They are only related to the efficacy of the IP in that the events 
were not prevented. A summary of TEAEs with a suspected relationship to IP reported in more 
than 1 patient are presented in Table 14.
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Table14: LA-EP06-302 Adverse Events with Suspected Relationship to IP

Conclusions:
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Study LA-EP06-302 did not suggest any clinically meaningful differences between LA-EP-2006  
and EU-Neulasta based on DSN after cycle 1.. In cycle 1 >99% of patients received the intended 
dose intensity of TAC chemotherapy. Although 7% of patients did not have a reliable 
determination of the DSN during cycle 1, or received quarantined product, or received 
commercial pegfilgrastim, an analysis of the mean DSN excluding these patients confirmed the 
results of the primary analysis. 

There was no evidence that there was any difference in safety profile of LA-EP2006 and EU-
Neulasta. However, as noted previously, the issue with this study as a supportive study is that the 
comparator arm was EU-Neulasta. PK similarity between LA-EP2006, EU-Neulasta, and US-
Neulasta was not demonstrated, and therefore an adequate scientific bridge has not been 
established.  As such, the relevance of the data derived from LA-EP06-302, which was obtained 
using EU-Neulasta, has not been appropriately justified to support a demonstration of 
biosimilarity to U.S.-licensed Neulasta.

Regulatory Recommendation: There is no safety signal that indicates a clinically meaningful 
difference between LA-EP2006 and EU-Neulasta. However, as PK similarity between LA-
EP2006, EU-Neulasta, and US-Neulasta was not demonstrated, an adequate scientific bridge has 
not been established.  The relevance of the data derived from LA-EP06-301 and LA-EP06-302
which was obtained using EU-Neulasta, has not been appropriately justified to support a 
demonstration of biosimilarity to U.S.-licensed Neulasta. Therefore, clinical is recommending 
Complete Response.

8. ADVISORY COMMITTEE MEETING: None.

9. DRAFT POST MARKETING COMMITMENTS AND REQUIREMENTS: Not 
applicable.

10. LABELING: Not applicable.

11. REGULATORY RECOMMENDATION: This Secondary Clinical Reviewer recommends
non-approval of LA-EP2006 as a biosimilar to US-licensed Neulasta.
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
Office of New Drugs/
Office of Drug Evaluation IV 
Division of Pediatric and Maternal Health 
Silver Spring, MD  20993 
Telephone  301-796-2200
FAX      301-796-9744

M  E  M  O  R  A  N  D  U  M

From: Erica Radden, M.D., Medical Officer
Division of Pediatric and Maternal Health (DPMH), 
Office of New Drugs

Through: John Alexander, M.D., M.P.H., Acting Deputy Director
Division of Pediatric and Maternal Health (DPMH), 
Office of New Drugs

To: Division of Hematology Products (DHP)

Drug: LA-EP2006 (proposed biosimilar to Neulasta 
[pegfilgrastim])

Application Number: BLA 761045

Applicant: Sandoz, Inc.

Proposed Indications: 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.

Proposed Dosage Form 
& Route of Administration: 6 mg/0.6 mL solution in a single-use prefilled syringe 

administered by subcutaneous injection.

Proposed Dosing Regimen: 6 mg administered subcutaneously once per chemotherapy 
cycle. 
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Consult Request:  DHP requests assistance in review of the efficacy supplement, 
participation in the labeling discussions, and preparation for the Pediatric Review 
Committee (PeRC) meeting.  

Materials Reviewed:
- Division of Pediatric Maternal Health (DPMH) consult request  
- Sponsor’s proposed labeling for LA-EP2006 (October 6, 2015)
- Prior DPMH review for LA-EP2006 (IND 109743) dated January 14, 2016
- Agreed upon initial Pediatric Study Plan for LA-EP2006, IND 109743 (February 

12, 2015)
- Current Neulasta (pegfilgrastim) labeling (April 28, 2016) per Drugs@FDA 

Consult and Regulatory Background: 
On August 27, 2015, Sandoz, Inc. submitted a BLA for LA-EP2006 under the 351(k) 
pathway as a proposed biosimilar to Neulasta (pegfilgrastim). Neulasta (pegfilgrastim) is 
a leukocyte growth factor licensed by Amgen, Inc. and was first approved in 2002.   
Pegfilgrastim is a colony-stimulating factor that acts on hematopoietic cells by binding to 
specific cell surface receptors, thereby stimulating proliferation, differentiation, 
commitment, and end cell functional activation.1  

At the time Sandoz submitted their BLA for LA-EP2006, Neulasta had the following 
indication for which Sandoz plans to seek approval:

• 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. 

Subsequent to Sandoz’ BLA submission, Neulasta was approved for an indication to 
increase survival in patients acutely exposed to myelosuppressive doses of radiation 
(Hematopoietic Subsyndrome of Acute Radiation Syndrome or ARS).  Neulasta was 
granted orphan exclusivity for this indication and as such, Sandoz cannot seek licensure 
of LA-EP2006 for that indication until the orphan exclusivity expires.

DHP requested DPMH assistance in review of the efficacy supplement; providing 
labeling recommendations for pregnancy, lactation and pediatric use; and preparing for 
the Pediatric Review Committee (PeRC) meeting.

Pediatric Study Plan:
Under the Pediatric Research Equity Act (PREA), all applications for new active 
ingredients, new indications, new dosage forms, new dosing regimens, or new routes of 
administration are required to contain an assessment of the safety and effectiveness of the 
product for the claimed indication(s) in pediatric patients unless this requirement is 
waived, deferred, or inapplicable.  Biosimilar products that have not been determined to 
be interchangeable, such as LA-EP2006, are considered new active ingredients, and are 

1 Current Neulasta (pegfilgrastim) labeling (April 28, 2016)
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subject to PREA.  The Agency filed an agreed upon initial Pediatric Study Plan (iPSP) on 
February 12, 2015, which Sandoz included in their BLA submission as their pediatric 
plan.  At the time of submission, the approach to address PREA was still under 
discussion in the Agency.  (See the prior DPMH consult review for LA-EP2006, IND 
109743 dated January 14, 2016 for further discussion on the pediatric development plan.)  
Accordingly, in the iPSP, Sandoz proposed to demonstrate biosimilarity to Neulasta 
(pegfilgrastim) and a deferral of studies  while the 
recommended approach to address PREA was being determined.  

Discussion:
With the approval for the ARS indication, labeling was updated to provide pediatric 
indications and dosing recommendations for patients down to birth for both febrile 
neutropenia and ARS.  However, information on administration is limited to the currently 
marketed pre-filled syringe (PFS) and does not allow direct administration to patients 
<45 kg.  Therefore, an age-appropriate presentation along with information on direct 
administration to patients <45 kg is still required to “completely label” Neulasta for use 
in all pediatric populations.  Consequently, LA-EP2006 cannot be considered fully 
assessed under PREA by solely relying on extrapolation of pediatric data from Neulasta 
based on their biosimilar development program, and Sandoz will be required to provide a 
pediatric presentation for LA-EP2006.   Following the recent Neulasta labeling changes, 
the division advised Sandoz to update their PSP to extrapolate pediatric data from the 
Neulasta based on the biosimilar development program and provide an age-appropriate 
presentation to fulfill PREA in correspondence dated April 25, 2016.  
 
Reviewer comment:  We recommend issuing a postmarketing requirement (PMR) under 
PREA similar to that which was issued for Zarxio (biosimilar to Neupogen [filgrastim]).  
Zarxio is currently marketed as a PFS that does not allow direct administration to 
pediatric patients who weigh less than 36 kg and require doses < 0.3 mL (180 mcg). 
Upon approval, a PREA PMR was issued to develop a presentation that can be used to 
directly and accurately administered to pediatric patients in this subpopulation and 
conduct any necessary human factors studies to evaluate the ability of caregivers to 
measure the appropriate doses. 

Conclusion:
DPMH agrees with the advice provided to Sandoz to update their PSP to extrapolate 
pediatric data from the Neulasta based on the biosimilar development program and 
provide an age-appropriate presentation to fulfill PREA.  The division has determined 
that LA-EP2006 will receive a Complete Response (CR) due to the lack of demonstration 
of PK similarity and resume labeling discussions once a response is submitted.

DPMH participated in the internal meetings in February, 2015.  DPMH also provided 
comments on the Advice Letter to Sandoz.  Our input is reflected in the written 
comments in the Advice Letter dated April 25, 2016. A teleconference was held on May 
23, 2016 to discuss the revisions to the PSP based on the April advice letter. After the 
teleconference, the following post-meeting note was conveyed to the sponsor:
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We would like to provide a clarification to the advice provide during the 
teleconference today regarding the revision of your PSP to provide your plan to 
address PREA for your proposed biosimilar product.  Please note that specific 
details regarding your proposed presentation are not required to be included in 
your revised PSP.  You may simply revise your iPSP to state:  (1) you plan to 
extrapolate pediatric data from the US-licensed Neulasta label based on the 
determination of biosimilarity between LA-EP2006 and US-licensed Neulasta, (2) 
you plan to develop a presentation that would allow direct administration to 
pediatric patients <45 kg, (3) you request a deferral of the requirement to provide 
the presentation and (4) your proposed timeline to develop this presentation.  If 
you decide to include a description of the presentation that you are considering 

 you should also state that further discussion on 
the specifics of the presentation are ongoing.  We encourage you to provide 
details on your proposed presentation as soon as feasible for review and feedback 
in order facilitate timely development of this presentation.

DPMH’s input will be reflected in the CR letter.
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