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List of abbreviations

Abbreviation Meaning

ANC Absolute Neutrophil Count

AUC Area under curve

Cl Confidence interval P\
CPP Critical Process Parameter :\v/
E. coli Escherichia coli ( hd
ELISA Enzyme-linked immunosorbent assay P\
FN Febrile Neutropenia N/
GCSF Granulocyte Colony-Stimulating Factor

HCP Host Cell Protein K ,\

IEF Isoelectric Focusing N

i.v. Intravenous

KPP Key Process Parameter

MCB Master Cell Bank . e

MU Million Units ' §
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PD Pharmacodynamic L
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Ph. Eur. European Pharmacopoeia . M

PFS Pre-Filled Syringe - (\ j

rHu-met-GCSF recombinant Human methionyl Gral Myte Colony-Stimulating Factor
RP-HPLC Reversed Phase High-performance liquid chromatography

s.C. Subcutaneous

SE-HPLC Size Exclusion High-perfor Hquid chromatography

TSE Transmissible spongiform eteﬁhalopathy

WCB Working Cell Bank &

Assessment report
EMA/CHMP/303037/2013 Page 3/89



1. Background information on the procedure

1.1. Submission of the dossier

The applicant Apotex Europe B.V. submitted on 30 April 2012 an application for @eting
Authorisation to the European Medicines Agency (EMA) for Grastofil, through the centralis cedure
falling within the Article 3(1) and point 1 of Annex of Regulation (EC) No 726/2004.

The applicant applied for the following indication: {\

= Reduction in the duration of neutropenia and the incidence of febrile neutropenl atients treated
with established cytotoxic chemotherapy for malignancy (with the exception c@mc myeloid
leukaemia and myelodysplastic syndromes) and for the reduction in the dur. f neutropenia in
patients undergoing myeloablative therapy followed by bone marrow transplahtation considered to be
at increased risk of prolonged severe neutropenia. The safety and efﬁc@ ilgrastim is similar in
adults and children receiving cytotoxic chemotherapy.

= For the mobilisation of peripheral blood progenitor cells (PBPC) {

absolute neutrophil count (ANC) of 0.5 x 10°/L, and a hist ere or recurrent infections, long
term administration of Grastofil is indicated to increase Ef phil counts and to reduce the incidence

= In patients, children or adults, with severe congenital, cych%mpathlc neutropenia with an

and duration of infection-related events.

advanced HIV infection, in order to reduce the ris

« For the treatment of persistent neutropenia (ANC_less than or equal to 1.0 x10%/L) in patients with
bacterial infections when other options to

manage neutropenia are inappropriate. Q

The legal basis for this application refgrs to:

Article 10(4) of Directive 2001/83/EC, a(ghended — relating to applications for a biosimilar medicinal

products. 0
The application submitted is com Q of administrative information, complete quality data,
appropriate non-clinical and cI' data for a similar biological medicinal product

Information on Pa@tric requirements

Not applicable \

Informatiqnele‘;ing to orphan market exclusivity

Similarity, (}

Pursuan \lcle 8 of Regulation (EC) No. 141/2000 and Article 3 of Commission Regulation (EC) No

847/2 >*the applicant did not submit a critical report addressing the possible similarity with

au orphan medicinal products because there is no authorised orphan medicinal product for a
ition related to the proposed indication.

Scientific Advice

The applicant received Scientific Advice from the CHMP on 18 October 2006. The Scientific Advice
pertained to non-clinical and clinical aspects of the dossier.
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Licensing status

The product was not licensed in any country at the time of submission of the application.
1.2. Manufacturers

Manufacturer of the biological active substance @2
Intas Biopharmaceuticals Ltd. . %

Plot no: 423P/A \

Sarkhej Bavla Highway :

Village Moraiya; Taluka Sanand,

Ahmedabad — 382213 Gujarat
India &

Manufacturer responsible for batch release 0
Apotex Nederland B.V. @
Bio Science Park

Archimedesweg 2

NL-2333 CN Leiden @
Netherlands Q

1.3. Steps taken for the assessment of the@duct

The Rapporteur and Co-Rapporteur appointed by the\ were:
Rapporteur: Robert James Hemmings Co-Rappo : Sol Ruiz
e The application was received by the EMA @April 2012.

e The procedure started on 23 May 201&

e The Rapporteur's first Assessment t was circulated to all CHMP members on 10 August 2012.
The Co-Rapporteur’s first Assess Report was circulated to all CHMP members on 10 August
2012. 2 }

e During the meeting on 17; ptember 2012, the CHMP agreed on the consolidated List of
Questions to be sent to tRe applicant. The final consolidated List of Questions was sent to the

applicant on 21 Sept 2012.

e The applicant sub ed the responses to the CHMP consolidated List of Questions on 12 March
2013.

e The sumn@ort of the inspection carried out at Intas Biopharmaceuticals Limited,
Ahmedabéad, Wdia between 19-22 February 2013 was issued on 8 May 2013.

.
e The teurs circulated the Joint Assessment Report on the applicant’s responses to the List of
Qu to all CHMP members on 30 April 2013.

. iffig the CHMP meeting on 27-30 May 2013, the CHMP agreed on a list of outstanding issues to
e addressed in writing by the applicant.

¢ The applicant submitted the responses to the CHMP List of Outstanding Issues on 24 June 2013.

e During the meeting on 22-25 July 2013, the CHMP, in the light of the overall data submitted and
the scientific discussion within the Committee, issued a positive opinion for granting a Marketing
Authorisation to Grastofil on 25 July 2013.
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2. Scientific discussion

2.1. Introduction t

Problem statement @

Cytotoxic chemotherapy suppresses the hematopoietic system causing profound and so es
prolonged neutropenia. Chemotherapy-induced neutropenia is the major dose—limitin@city of

systemic cancer chemotherapy. It may result in hospitalisation for treatment of feg cause

potentially fatal infection. Such complications of chemotherapy treatment often in dose
reduction or treatment delay which may compromise clinical outcome. Risk s for cytotoxic
chemotherapy-induced neutropenia are: advanced age, poor performance poor nutritional
status and low baseline and first cycle nadir blood cell count along with hi emotherapy dose

intensity. Some chemotherapy regimens are more myelosuppressive t@nthers. High
cyclophosphamide dose, etoposide and high anthracycline doses haye been identified as significant
predictors for severe neutropenia. {

Prophylactic antibacterial, antifungal, and antiviral agents hav, @administered to prevent the
development of infection as a complication of neutropenia. Gr cyte colony-stimulating factor (G-
CSF) and granulocyte-macrophage colony-stimulating faC\téQM—CSF) are used to reduce the duration
and degree of neutropenia. G-CSF increases the pro@ and differentiation of neutrophils from

Vi

progenitor cells, induces maturation and enhances the ival and function of mature neutrophils.

According to the European Organisation for Rese@and Treatment of Cancer (EORTC) guideline,
primary prophylactic G-CSF treatment is reco e
(FN) for a patient is 220%. When using chemmapy regimens associated with a FN risk of 10-20%,
particular attention should be given to th sessment of patient characteristics that may increase the
overall risk of FN (Aapro et al., EJC, 2006; : 2433-53). Evidence from multiple randomised trials
supports the benefit of primary prop@s in reducing the frequency of hospitalisation for antibiotic
therapy, documented infection, a of neutropenic fever in adults. The impact on survival is less
clear (Kuderer et al., J. Clin On 7; 25:3158).
Q.

Recombinant hG-CSF (filgrasg

d in case the overall risk of febrile neutropenia

s been introduced in clinical use since 1991 under the trade name
Neupogen. Recombinant is produced in E. coli. Its amino acid sequence is identical to that of
natural human G-CSF, ex’Qfor the addition of an N-terminal methionine necessary for the
expression in E. coli&&'t is not glycosylated.

About the pr

L 4
The natural h n'granulocyte colony stimulating factor (G-CSF) is a glycoprotein composed of a

single polypeptide chain of 174 amino acids and is glycosylated at a threonine residue. It:

e regu the proliferation and differentiation of progenitor cells within the bone marrow and the
r of mature neutrophils into the peripheral blood

positive regulator of granulopoiesis, acting at different stages of myeloid cell development

° nhances the effector functions of normal mature neutrophils, including chemotaxis, phagocytosis
and oxidative metabolism

exerting its effects via a high-affinity G-CSF-specific receptor mechanism, which accounts for its
selective action compared to many other cytokines.
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Grastofil, is a formulation of non-glycosylated recombinant granulocyte colony stimulating factor (G-
CSF or filgrastim) developed as a biosimilar medicinal product to the reference product Neupogen.
Filgrastim in Grastofil is also referred to as “Apo-filgrastim”, which was the company development code
for the product.

Grastofil is presented in single use prefilled syringes in two strengths, 300ug/0.5ml and 480p®n|.
It is administered via the intravenous (i.v. infusion) or subcutaneous (s.c. injection) route @

administration

L 4
Grastofil is indicated for the reduction in the duration of neutropenia and the incidenc &rile
neutropenia in adult patients treated with established cytotoxic chemotherapy for %nancy (with the
exception of chronic myeloid leukaemia and myelodysplastic syndromes) and for, tﬁduction in the
duration of neutropenia in adult patients undergoing myeloablative therapy fo ed by bone marrow
transplantation considered to be at increased risk of prolonged severe neut ia.

Grastofil is indicated for the mobilisation of peripheral blood progenitorié BPCs) in adults.

count (ANC) of < 0.5 x 10°%/L, and a history of severe or recurrent ctions, long term administration

In adult patients with severe congenital, cyclic, or idiopathic neutropznia ith an absolute neutrophil
of Grastofil is indicated to increase neutrophil counts and to red@e incidence and duration of

infection-related events.

Grastofil is indicated for the treatment of persistent neutr@a ANC less than or equal to 1.0 x
10°%/L) in adults with advanced HIV infection, in order t@ ce the risk of bacterial infections when
other options to manage neutropenia are inappropria

Grastofil therapy should only be given in collabor@ with an oncology centre which has experience in
granulocyte-colony stimulating factor (G-CSF) ent and haematology and has the necessary
diagnostic facilities. The mobilisation and apheg procedures should be performed in collaboration
with an oncology-haematology centre withifacceptable experience in this field and where the monitoring
of haematopoietic progenitor cells can bé co, rectly performed.

not be administered less than 24 following cytotoxic chemotherapy. In patients with
myeloablative therapy, the rec ed starting dose of filgrastim is 1.0 MU/kg/day (10 pg/kg/day).
In patients undergoing myel sswe or myeloablative therapy followed by autologous PBPC
transplantation the recom d dose of filgrastim for PBPC mobilisation when used alone is 1.0
MU/kg/day (10 pg/kg/day 5 - 7 consecutive days, whereas in normal donors, the recommended

The recommended dose of fllgrasta MU/kg/day (5 pug/kg/day). The first dose of Grastofil should
d

dosage is 1.0 MU/kg/ (10 pg/kg/day) for 4 - 5 consecutive days. In congenital neutropenia, the
recommended start se is 1.2 MU/kg/day (12 ug/kg/day) as a single dose or in divided doses. The
recommended s dose for idiopathic or cyclic neutropenia is 0.5 MU/kg/day (5 pg/kg/day) as a
single dose or" ided doses. The recommended starting dose of filgrastim is 0.1 MU/kg/day (1
Hg/kg/dayy g@daily with titration up to a maximum of 0.4 MU/kg/day (4 pg/kg/day) until a normal
neutroph t is reached and can be maintained (ANC > 2.0 x 10%L).

. @ality aspects

1.

2.

Introduction

Grastofil has been developed as a “similar biological medicinal product” according to Article 10 (4) and
Annex 1, Part Il, Chapter 4 of Directive 2001/83/EC, as amended. The chosen reference medicinal
product is Neupogen, which is manufactured and marketed by Amgen Ltd.
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Grastofil is presented as a solution for injection or infusion in prefilled glass syringes containing 30MU /
0.5ml or 48MU / 0.5ml filgrastim.

The reference comparator products are Neupogen 30 MU (300 mcg/0.5 ml) solution for injection in
pre-filled syringe and Neupogen 48 MU (480 mcg/0.5 ml) solution for injection in pre-filled syringe,
Amgen Europe B.V. sourced from the EU market. The same reference product, Neupogen, wa for
the entire comparability exercise to demonstrate comparable quality, safety and efficacy of@ st

product. c
2 4

2.2.2. Active Substance {

Filgrastim is a recombinant Human Methionyl Granulocyte Colony-Stimulating, F QrHu-met-GCSF),
produced at Intas Biopharmaceuticals Ltd. (IBPL) from E. coli host cells tran%e with the codon-
optimized GCSF DNA.

The protein obtained by this technology is non-glycosylated and consism 5 amino acids of
molecular weight 18800.8 Da.

Filgrastim contains 5 cysteine residues; these 5 cysteine residue & 2 disulfide bridges, leaving 1
free cysteine residue.

The mature and unmodified form of G-CSF has a predomir@a helical secondary structure.

Manufacture O

cells using an expression vector. The vector deve
engineering and manipulation.

The Cell Substrate was generated by transfer of c n-optimized GCSF DNA to E. coli BL21 DE3 host
ent involved multiple steps of genetic

A two tier cell bank system is followed at ¥tas Biopharmaceuticals Limited (IBPL), which consists of
the Master Cell Bank (MCB) and a Worki@ell Bank (WCB).

The MCBs and WCBs are charactegi tg@¥ensure identity, purity, viability and stability of the cell bank
for its intended use.

Appropriate data have been @d to demonstrate genetic stability of the host cell construct.

E.coli are expanded in fer tors using human and animal-free growth media. Filgrastim is
concentrated in E.coli inclu bodies (IB) which are isolated by cell disruption and centrifugation and
then solubilised to allo rotein re-folding.

Down-stream pro @ involves several filtration and chromatographic purification steps to separate
filgrastim from o@ontaminaﬂng proteins and impurities. This is followed by further

chromatography Steps to yield the active substance solution.

In-Proce ufacturing Controls

The m@l turing process and control strategy has been adequately described. Classification and
defipi

of the Operating Parameters and Performance Parameters into critical (CPP) and key
parameters (KPP) were provided. In-process manufacturing controls (CPP or KPP) for each
step,of the manufacture process, together with acceptance criteria or expected ranges, were
established on the basis of a risk assessment.

Process validation

CPPs or KPPs for each step of the commercial manufacturing process and Drug Substance release
specifications were studied to qualify the manufacturing process performance during three consecutive
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Drug Substance production batches. The results showed good reproducibility, often within narrower
limits than the predefined ranges. The proven acceptable ranges for operating and performance
parameters have been adequately supported with qualifying data and proposed process monitoring.
Relevant information has been provided with respect process performance and consistency.

Manufacturing process development b

The manufacturing process development has been an iterative process through nine seque@

processes (Processes | to 1X), not all of which have a direct relevance to Grastofil.
2 4

Non clinical studies were conducted with material from Process V, clinical trials used @ct from

€8s 1X.
vs the
Ily, Process IX
UIN-05Sb01-3FA) to
sion on clinical

Process VII and the proposed commercial medicinal product will be obtained with

Comparability data were provided for material derived from process VIl and pro,
reference medicinal product Neupogen, see discussion on comparability. Additi
derived drug product has been used in the Phase | 3-arm bridging study (G&B
support the claims of in vivo biosimilarity of Grastofil and Neupogen (see Q
pharmacology).

Specification

%

Characterisation q
The structural and functional characteristics of the drug SL%\C have been investigated using a

variety of analytical tools, including N-terminal sequenci S-PAGE, Isoelectric Focusing (IEF),
peptide mapping, mass spectrometry, and determina biological activity.

The biological activity was assessed using two or nal procedures: an in vitro cell proliferation
assay and a receptor binding assay. A number itional techniques have been used to assess

higher-order structure, including Circular Dichreism (CD), FTIR (Fourier Transformed Infrared
Spectroscopy), Analytical Ultracentrifuga and thermal stability by Differential Scanning Calorimetry
(DSC). The data presented confirmed thg expected primary, secondary and tertiary structure, with no
major clipped species, and that the m e is functional.

Impurities b

The Filgrastim Concentrated Sc@n (2206) monograph in the current edition of the European
Pharmacopoeia (Ph. Eur.) cofitains specified impurities for the Reversed Phase (RP-) and Size Exclusion
(SE-) chromatography pra % res (oxidised forms, dimer and aggregates). No additional product-
related new impurities have Been identified in the Grastofil Drug Substance.

Process-related imp@s include host cell contaminants (host cell protein and residual DNA) which
have been show@ consistently cleared by the manufacturing process. Additives used during
manufacture v?/& own to be adequately removed.

Control ofQr ubstance

The pro specification for the Drug Substance reflects the requirements of the Ph.Eur. monograph
for fi|@l concentrated solution, as well as currently available batch release and stability data, and
is d.

Routine testing is performed at release for Host Cell Protein (HCP) and residual DNA, bioburden,
endotoxins. Identity is confirmed by peptide mapping and Isoelectric Focusing (IEF) against a
reference solution, while the purity is tested by SDS-PAGE, RP-HPLC, SE-HPLC and IEF.

The in-vitro bioassay is based on the on the Ph.Eur monograph for filgrastim concentrated solution.
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The Ph. Eur. filgrastim monograph methods have been modified by the manufacturer, in part, to match
the materials and commercial kits available to the manufacturer in their own territory or to improve
the sensitivity of the monograph methods. The rationale for the changes introduced has been provided
and the analytical methods have been appropriately validated.

The applicant will review the drug substance specifications once data on a pre-determined nu of

batches is available. @
Container closure system " %

The Drug Substance is filled into sterile glass bottles. {

Stability O

Stability studies of the Drug Substance were performed at long term (5 = 3& at short term with
accelerated (25 + 2°C), and stressed (40 + 2°C) conditions according to @50 Photostability
studies indicate the drug substance is photolabile and should be protec om light.

The proposed shelf life of 24 months for the Drug Substance when fred at 5°C £+ 3 °C in the

proposed container is accepted. @

2.2.3. Finished Medicinal Product Q

The Drug Product is a sterile, clear, and colourless liqui ulation (acetate buffered, pH 4.0, isotonic
solution for injection) in a 1 mL glass (Type 1), singl refilled syringe for parenteral

administration in two strengths:

= 30 MU (300 mcg/0.5 mL) dosage stren IQtaining 300 mcg of Drug Substance
e 48 MU (480 mcg/0.5 mL) dosage strer&:ontaining 480 mcg of Drug Substance

Both strengths will be supplied in packs (@J(l x 1) or five (1 x 5) pre-filled syringes in a carton
along with the prescribing information:

Subcutaneous (s.c.) injection is th iMary route of administration, although the product may also be
diluted for infusion administratib inistered by short intravenous (i.v.) infusion or continuous i.v.

infusion).
There are no validated m & on the syringe barrel that are compatible with paediatric posology.
s Fi

The Drug Product CON rastim as the active pharmaceutical ingredient and excipients, similar to
those of the referen@ dicinal product Neupogen. The quantitative composition of the Drug Product
is given in the be ow.
.
Table 1: Qutfjﬁ@ ive Composition of the Drug Product
*
o

Assessment report
EMA/CHMP/303037/2013 Page 10/89



Ingredient Concentration Quantity per Syringe Function
(mg/mL.) (mg/0.5mL)
30 MU/ 48 MU/ 30 MU/ 48 MU/
0.5mL 0.5mL 0.5mL 0.5mL
strength strength strength strength b;
rHu G-CSF 0.60 0.96 0.30 0.48 Active Pharmaceutical Ingr@ 4
(Apo-Filgrastim Human Granulocyte Cology-

Drug Substance)

Stimulating Factor .

Glacial Acetic

Buffering Agent K\

Acid

Sodium Buffering AQ@’

Hydroxide x

D-Sorbitol Tonicity ‘;’Isotonicity Adjuster
Polysorbate 80 Stabi onionic surfactant
Water for Vehicle /

Injection nt

b

The Drug Product is a liquid formulation (ready to use par@dministraﬁon), and thus requires no
diluted with 5% dextrose (intravenous

ags. Should the Drug Product be diluted to

should be added to a final concentration of 2

reconstitution with any diluent. However, if required, it
infusion fluid) either glass bottles or Polyolefin bags g
concentrations below 15mcg / ml, human serum albumi

mg/mL. O

No diluent is supplied with the Drug Product. If\is ihtended that standard 5% dextrose and human
acy stocks will be used to prepare the Drug Product for

9

Pharmaceutical Develop eﬁ@

serum albumin solutions from hospital p
infusion.

The Drug Product formulation ablished based on knowledge of the formulation excipients and
concentrations of the refererﬁ dicinal product.

Pre-formulation and chara 'zation studies confirmed that the excipients and concentrations in the
ence medicinal product are acceptable for the stability and maintenance of the
Drug Substance at 0 mcg/0.5 mL and 480 mcg/0.5 mL in the prefilled syringe presentation.
Neither of the tw t%Product strengths employs an overage. Both strengths contain a 0.06 mL
overfill (0.56 mL%arget fill volume) to ensure an extractable volume of 0.5 mL at the time of

administratio(J
.
Advenﬁ\@us agents

Th acture of the Drug Product utilises one excipient of biological origin, Polysorbate 80, which is

formulation of the re

al-derived.

Polysorbate 80 consists of a mixture of fatty acids. The materials used for the manufacturing of
Polysorbate 80 are of vegetable and petrochemical origin and do not contain material of bovine, ovine
or caprine origin.
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Bovine milk sourced from New Zealand is in the composition of the Terrific Broth culture media, used
in the production of the MCB or WCB. It is subject to a strong heat treatment, therefore, its viral safety
is considered adequate.

Other reagents from biological origin such as L-Cysteine are derived from feathers or human hair but
are also processed under very harsh conditions.

Manufacture of the product %6
L 4

The Drug Product manufacturing process consists of mixing the active substance withﬁ Xcipients
(formulation buffer and polysorbate 80) and adjustment of pH followed by sterile fj n and filling
into pre-sterilised syringes. The syringes are stoppered, transferred for visual i n, and are
subsequently labelled, packaged and dispatched.

All excipients conform to the requirements of the European PharmacopoeiQ

In-Process Manufacturing Controls

The manufacturing process is controlled by a series of in-process cofitrols. The process control strategy
and critical steps were identified and evaluated during manufact 'gg)rocess development. Critical
Process Parameters (CPPs), Key Process Parameters (KPPs) a Lz'—Critical Process Parameters
(NCPPs) were established. Q

Manufacturing process development Q
During development, the Drug Product manufacturin\@ss underwent three process changes
(Process I, 11 and 111). The different processes resulted m changes that occurred in the

manufacturing process, including changes relateo@cale up, changes to processing aids, addition and
deletion of process steps and other changes.

Each Drug Product process used Drug Substance from a different manufacturing process. Process |
material was used in the non-clinical stu@ rocess Il in the clinical trials and process Ill is the

proposed commercial process.
An extensive comparability study bgn performed between process Il and |1l materials.

Process validation

The manufacturing processes{for ;oth Drug Product concentrations were qualified during three
consecutive Drug Product, uction batches (for each concentration). All steps have been validated,
ch the suitability of the containers and the stability of the product in case

including the shipping, for
of temperature excn% have been demonstrated.
Product spe tion

N

Vela pharmazeutische Entwicklung will act as the release testing site of the commercial batches for the
EU mark Nequate data has been provided for Vela pharmazeutische Entwicklung to act in that
capacity.

C Drug Product

is currently a Ph. Eur. monograph for Filgrastim Concentrated Solution (2206), which served as
a basis for the establishment of the Drug Product specification.

Routine testing is performed at release for sterility, bioburden, polysorbate 80. Identity is confirmed by
IEF against a reference solution. Purity is tested by SDS-PAGE, RP-HPLC, SE-HPLC and IEF and the
biological activity is measured by the same in-vitro bioassay as employed for the control of the Drug
Substance.
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The same methods as those used in the control of the Drug Substance are employed, except for the
determination of polysorbate 80 concentration, which is specifically conducted on the Drug Product.

The applicant will review the DP specifications once data on a pre-determined number of batches is
available.

Container closure system b
The Drug Product is presented as a solution for injection/infusion in a 1 mL glass, single- @e—filled
syringe. . é

The container closure system is a syringe system comprised of a syringe with a glassgrrel assembled
with a steel needle, an elastomeric needle shield and a polypropylene rigid needle Id; and an

elastomeric plunger stopper Q

The syringe is also assembled with a polypropylene plunger rod. The syring el and stopper are
lubricated with silicone oil. b

The glass syringe barrel, elastomeric needle shield, plunger stopper an@ silicone oil comply with the
the Ph.Eur. The needle adhesive is appropriately qualified for use.

Stability of the product Q@

The Drug Product is to be stored at 2°C to 8°C. Q

Stability data for six batches derived from process | roduct have been presented, including 36
months at real time/real temperature conditions 6 mon at accelerated and 7 days at stress
conditions. Stability data is provided for three Pr 111 drug product batches include up to 24
months at real time/real temperature conditio onths at accelerated and 28 days at stress

conditions. Stability data has also been presented for a further six more recently manufactured
batches of Process |1l product stored for onths at long terms and accelerated conditions.

In general, the results support the shelf-h f 30 months and the storage conditions (storage under
refrigerated conditions at 2-8°C) fined in the SmPC.
Comparability to the re&ce medicinal product

The chosen reference medici

product, authorised in the EU and used for the entire comparability
exercise, is Neupogen (A

The comparability exXe was based on 3 biosimilarity studies and included the comparison of a
variety of attribute@)th the reference medicinal product and Grastofil, such as physicochemical
properties, bio’lo C ctivity, purity and impurity profiles, and stability profiles. The physicochemical
attributes, inc M physical properties and primary and higher order structures of the Drug
Substances vx@evaluated using a combination of analytical procedures. The biological properties were
assessed lsing both in vitro and in vivo assays. The purity and impurity profiles were evaluated both
qualitati and quantitatively using orthogonal analytical procedures. Finally, the stability profiles
Wi ated under accelerated (25°C + 2°C) and stressed (40°C + 2°C) conditions. A forced

tion study was also employed to compare the degradation profiles of Grastofil and the
re nce medicinal product.

The data presented sufficiently demonstrate that the Drug Substance and Drug Product from the
clinical stages of process development (process VII Drug Substance / process Il Drug Product) and
from the commercial process (process IX Drug Substance / process Il Drug Product) are comparable
with one another and to the reference medicinal product Neupogen.
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2.2.4. Discussion on chemical, pharmaceutical and biological aspects

The upstream Drug Substance manufacturing process and process control strategy has been
adequately described and appropriate assurances have been provided with respect to process control

and consistency. 2
Filgrastim Drug Substances destined for use in both EU and non-EU countries will be produ he
same manufacturing facility, using distinct manufacturing processes. Assurance of adeq
product/process segregation has been provided. Process-specific consumables includin@cated

chromatography resins and ultrafiltration cartridges will be used. {

The product-specific GMP inspection of the Drug Substance manufacturing site, re@ted with this
procedure, has confirmed that appropriate GMP measures are in place in ord 0 Gentrol segregation
and cross contamination of the proposed EU product from the non-EU regulated product.

The drug product is manufactured in 300 mcg/0.5 mL and 480 mcg/0.5 -filled syringe
presentations. No presentation compatible with the safe dosing of Gra: in the paediatric population
has been proposed. The proposed pre-filled syringes are consideredgo pose a risk of dosing errors in
children, and additional presentation(s) such as a vial or a gradu gyringe allowing accurate dosing
in the paediatric population should be proposed. Paediatric indi Qas may only be accepted following

the submission of a post marketing variation at such time wh appropriate presentation is

available. Q

The comparability exercises conducted to support bigsi % ity of Grastofil with the reference medicinal
product Neupogen are adequate and their conclusions ported. The comparability studies are
additionally supported by a phase | study in man paring the Process IX / 11l commercial Grastofil

with Neupogen.

Information on development, manufacture an&trol of the Drug Substance and Drug Product has
been presented in a satisfactory manner. esults of tests carried out indicate satisfactory
consistency and uniformity of importantcryiuct quality characteristics, and these in turn lead to the
conclusion that the product shoul h@ satisfactory and uniform performance in the clinic.

2.2.5. Conclusionsont emical, pharmaceutical and biological aspects

Based on the review of the d&on quality, the manufacture and control of the Grastofil Drug
Substance and the Drug ct are considered acceptable.

The Quality of the prw is considered to be acceptable when used in accordance with the conditions
defined in the SmP@sicochemical and biological aspects relevant to the uniform clinical
performance of t@oduct have been investigated and are controlled in satisfactory way.

.
Safety conceghingeadventitious agents including TSE has been sufficiently assured.

.
Biosimila Nth the reference medicinal product Neupogen has been sufficiently demonstrated.
From a point of view, the observed differences and levels of these differences have been well
do d and are acceptable.

.6. Recommendation(s) for future quality development

In the context of the obligation of the MAHs to take due account of technical and scientific progress,
the CHMP recommends the review of drug substance specifications once data on a pre-determined
number of batches is available.
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2.3. Non-clinical aspects

2.3.1. Introduction

The non-clinical development program for Grastofil was performed using Neukine (a non-EU pf@duct
which, however, contains Process V drug substance). None of the non-clinical studies have be
conducted using Apo-Filgrastim (Process IX drug substance, see discussion on non-clinical @:ts).

Primary pharmacodynamic studies '\%

In vitro, a potency assay was conducted in a murine myeloblastic cell line. In vivo Sioassay for G
CSF in mice, 2) restoration of neutrophil blood cell counts by or Neukine vs. n (Filgrastim) in
neutropenic female BALB/c mice and 3) a comparative effect study of Neuki Neupogen when
administered subcutaneously to mice with induced neutropenia, were cond &

28 Day rat study was also used to demonstrate pharmacological change 6

~ Data from a general

reference product bind to the murine cellular G-CSF receptors with

In the in vitro potency assay, the results of these studies indicated that h Neukine and the
e same affinity and that both

preparations are equally effective at inducing cellular proliferatio

In Swiss albino mice given subcutaneous doses of 0.1, 1, 5 a@ Mg of Neukine or a reference
total leukocyte count and 0.9162 for
neutrophil count. The product used in this study was d rom the Drug Substance Process V of the

standard, relative potency of Neukine was found to be 1.097

Apo-Filgrastim and the reference product used in thi\ was Neupogen (Manufactured by Amgen,
Marketed by Roche in India).

In neutropenic female BALB/c mice, the restor Q neutrophil blood cell counts by Neukine vs. the
reference product, Neupogen” was investigate he data showed comparability between Neukine and
the reference product in terms of increaséd neutrophil and leukocyte counts.

and 500 ug/kg/day Neukine or the.,c ator Neupogen (150 pg/kg/day) for 28 days. The data
showed that Neukine) and Neupo%t 150 pg/kg/day were comparable in terms of the increase in

neutrophil counts. O

Secondary pharma amic studies

A comparative study was carried out, i Q;ih Wistar rats were given subcutaneous doses of 50, 150
G(E;DP

No secondary pharmaegdynaric studies were submitted (see discussion on non-clinical aspects).

Safety phar @ogy programme
.
No safety ph@ology studies were submitted (see discussion on non-clinical aspects).

L 4
Pharn@!ynamic drug interactions

Nogph codynamic drug interaction studies were submitted (see discussion on non-clinical aspects).

238,2. Pharmacokinetics

Reference was made to the toxicokinetic data from the 28 day GLP compliant study conducted in
Wistar rats. No studies have been performed to investigate distribution, metabolism, excretion and
pharmacokinetic drug interactions (see discussion on non-clinical aspects).
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2.3.3. Toxicology

Single dose toxicity

Four non-comparative single dose studies were conducted with Neukine. These studies were ducted

in India and were not GLP compliant. Rats and mice were given i.v or s.c doses of 250, 2500 0
HMg/kg. In mice and rats both the i.v. and s.c. doses were, according to the Applicant, well rated
and all animals survived the 14-day observation period without major clinical signs. No on body

during the macroscopic examination.

Repeat dose toxicity QO

Wistar rats were given subcutaneous doses of 50, 150 and 500 ug/kg/day xﬂe or the comparator
Neupogen (150 upg/kg/day) for 28 days. Swellings of the hindlegs or onI?t oints of the hindlegs

2 4
weight or food consumption were observed. No changes attributable to the test artick(q found

were noted at all Neukine doses (study number 259.120.897). The sal ects were seen in the
Neupogen group. A dose dependent increase alkaline phosphatase was seen in all animals given
Neukine at the end of the treatment period. Main macroscopic finel in this study were related to the
spleen and to the hindlimbs. In the spleen, histiocytosis often ined with increased haemopoiesis
was detected histologically. The capsule of the spleen was oft ickened due to a fibrosis. Increased
spleen weight was noted in all treated (Neukine and Neup@ge ales at 500 pg/kg/day. A dose-
dependent increase in white blood cells, in particular in phils, was found with Apo-Filgrastim and
Neupogen, showing equivalent effects. No new toxici re observed. The toxicities noted were

comparable and in-line with the expected effects ﬁ\js class of compound.

A NOEL was not defined in this study for Neuki e reference product due to the expected
pharmacological effects. The toxicokinetic datan this study showed comparability between doses of

50 and 500 pg/kg Neukine and reference@uct.

The design of the GLP-compliant toxic (gpétudy 259.120.897 did not include a dose response for
Neupogen in order to detect differgnees ih toxicology and toxicokinetics response between Apo-
Filgrastim and Neupogen. b

i.v doses of 0, 50, 100, 250 pg/kg/day (all studies) for 28 days. These
were conducted as separ udies. A further two 28-day studies with 28 day recovery periods were
also conducted in rats,and e (s.c and i.v). There were no test item-related effects on clinical
biochemistry, haem Xy urinalysis or histopathology changes, except for higher neutrophil counts
which were expectedWn’treated animals compared to controls. The NOAEL in all of these studies was
considered to b€ ug/kg/day.

-

ogenicity

Six studies with Neukine alon @e conducted (non-comparative). Swiss albino Mice and Sprague-
Dawley rats were given s.c o{

ity studies were submitted (see discussion on non-clinical aspects).

No carcinogenicity studies were submitted (see discussion on non-clinical aspects).
Reproduction Toxicity

No reproduction toxicity studies were submitted (see discussion on non-clinical aspects).
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Toxicokinetic data

Wistar rats were given s.c and i.v doses of 50, 150 and 500 pg/kg/day Neukine s.c ori.v or a
comparator Neupogen at 50 and 500 pg/kg/day s.c or 50 and 500 mg/kg i.v for 14 days (as part of a
28-day study). An enzyme-linked immunosorbent assay (ELISA) was used to quantify Filgrastim in rat
plasma. According to the Applicant the rHu(met)G-CSF immunoassay is fully validated and thb
analytics were performed to GLP. Suitable data have been provided on the determination O@SF in

rat serum using ELISA. . %
o

With exception of males at 50 pg/kg, repeated daily i.v administration of Neukine ov* ays
compared to single i.v doses resulted in a slightly increased exposure, in terms of f rHu G-CSF in
i btained on day

both sexes. No distinct trend could be observed for Cmax. Comparison of the
0 and 13, showed gender-specific differences, i.e. plasma exposure in term Clast as well as
Cmax were lower in females, whereas the volume of distribution (Vz_obs) 'stemic clearance
(CLobs) were higher in females. No consistent trend and no consistent geédifference were

observed for terminal elimination half-life (t1/2).

With the exception of the low dose (50 pg/kg), repeated daily s.c dﬁ@ of Neukine over 14 days
compared to single s.c dose resulted in a slightly increased expo@ f rHu G-CSF in males. No
distinct trend could be observed for females. No clear trend w n for Cmax in both sexes, whereas
s. Comparison of the

systemic clearance CLobs was slightly-to-markedly higher i
pharmacokinetic profiles obtained on day O and 13, respe , did not show consistent gender-
specific differences in terminal elimination half-life (t1/ nsistent findings after repeated dosing
were that Cmax of Neukine were slightly lower in females at all doses and exposure to Neukine was
slightly-to-markedly lower in females. Finally, bome volume of distribution (Vz_obs) and systemic

clearance (CLobs) of Neukine were markedly ib d in females at all doses.

Local Tolerance &

ml acetate buffer pH 4.0) with the ce product (Neupogen) in rabbits after paravenous and
intramuscular administration was

A GLP compliant rabbit study that cog@the local tolerance of Neukine (480 g Filgrastim per 0.5
I

@ cted. Moreover, a non-GLP compliant non-comparative rabbit

local tolerance study was perfo ith Apo-Filgrastim only.

In the comparative study, 3 &v Zealand white male rabbits were given Apo-Filgrastim and Neupogen
paravenously and intramery at 480 ug. A visual scale for evaluating erythema formation, oedema
formation and pain reactions'was used. Necropsy was performed on study day 4 (approximately 96 h
after administration test item or reference item). Intramuscular administration of both test
articles did not causetany erythema formation in all three animals during the observation period of 96
hours. After pa %us administration two animals developed well defined point-like erythema (grade
2) at the app@n site (punctures) within two hours after treatment with Apo-Filgrastim. Within 24
hours, o e‘& | demonstrated a very slight erythema formation (grade 1) of the treatment area. 96
hours a ministration, two of three application sites recovered and only animal showed a very

slight ma formation. Administration of Neupogen caused well defined (grade 2 one animal) to
(grade 3, one animal) point-like erythema formation at the application site (punctures) in

f three animals within 24 hours after treatment. Over the observation period, erythema formation
lesséned to very slight (grade 1). Erythema formation after paravenous administration of both test
articles was comparable in terms of intensity and incidence. Most of the erythema were point-like and
in the area of the punctures, so they were considered to have been caused by the administration.
Neither i.m. or p.v. administration caused visible oedema formation and no signs of pain were noted
after treatment with either test article during the observation period of 96 hours. Paravenous
administration of Neukine caused several slight red discolorations in 1 animal. After p.v. administration
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of the reference Neupogen, 2 animals showed slight hematoma formation and several slight red
discolorations were noted in 2 animals.

Histopathological examination showed moderate (grade 3) haematoma at the paravenous
administration site in 1 animal with Neukine. In comparison, after paravenous treatment with ghe
reference item Neupogen, 2 animals developed a slight (grade 2) haematoma. These findings

near the injection sites and considered to be caused by the administration volume and / org’ ute

and site of administration. No histopathological findings were noted at the intramuscular% istration

sites with either test article. ¢

It was concluded based on clinical (in-life), macroscopic and histopathological obs ‘ons that single
intramuscular and paravenous administration of 480 ug Neukine is well tolerate momparable to
480 pg Neupogen.

Six New Zealand White rabbits were used for evaluating the safety of Neu@f patch test technique
on intact skin (non-GLP). The hairs were clipped from the back and flan day prior to the
application. Two areas on the back, approximately 2-3 cm apart, were nated for the position of
control and test product patches in each rabbit. 0.2% SDS was appﬁ:l( as positive control. The patches
were removed after 24 hours and the skin sites were scored dire ter removal and at 48 hours
after removal using a visual scale. There was no erythema/es d oedema formation observed in
any animal at any time point. Animals treated with positive c patches all showed primary

irritation indices of > 5 after 48 hours for erythema/eschas formation.

Other toxicity studies \
No other toxicity studies have been submitted. O

2.3.4. Ecotoxicity/environmental k assessment

X,

Apo-Filgrastim is intended to substitute @ identical products on the market, so this product is not
expected to cause any additional env@ental risk. Therefore no environmental risk assessment
report is required for this product.

2.3.5. Discussion and @clusion on non-clinical aspects

According to the Guidance gﬂilar medicinal products containing recombinant granulocyte-colony
stimulating factor (EMEA/CHANMP/BMWP/31329/2005), safety pharmacology, reproduction toxicology,
mutagenicity and cargi enicity studies are not routine requirements for non-clinical testing of similar
biological medicinal ucts containing recombinant G-CSF as active substance. The absence of
secondary pharmacolegy studies and of studies on pharmacodynamic drug interactions can also be
considered a@i le based on the extensive experience with and the well-known properties of

filgrastims‘.\

Althoug @ clinical studies have not been conducted with the intended commercial product using the
inten anufacturing process, receptor binding data for the Apo-Filgrastim DP batches from Process

were submitted for evaluation and comparability was demonstrated. In addition, a recent
parative clinical study that investigated the PK/PD profile of Apo-Filgrastim vs. Neupogen (Phase |
3-arm bridging study) used Process IX (DS) material. Therefore, the CHMP considered that the non-
clinical data obtained with Neukine, containing Process V drug substance, can be extrapolated to the
Process IX drug substance (Apo-filgrastim) contained in Grastofil. Therefore, from a non-clinical point
of view, it can be concluded that there were no significant differences between Grastofil and the
reference medicinal product, Neupogen.
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2.4. Clinical

2.4.1.

aspects

Introduction

The clinical development programme for Grastofil spanned from July 2007 to May 2010. Neupagen was

the chosen reference product which has been authorised in the Community on the basis of a c

ete

dossier in accordance with the provisions of Article 8 of Directive 2001/83/EC, as amended@

The aim of the Apo-Filgrastim clinical program was to demonstrate biosimilarity of Ape-
the EU-approved reference product Neupogen. Four comparative Phase | studies we @ducted in
healthy volunteers to demonstrate the equivalence of Apo- Filgrastim with Neupo

pharmacodynamics and pharmacokinetic parameters:

I

O

rastim with

erms of

- A single-dose, randomised, double-blind, two-way cross-over, activ&r} olled,

pharmacokinetic (PK) and pharmacodynamic (PD) study of i.v. Apo-Filgrasti

healthy male and female volunteers. (Study KWI-300-101)

- A single-dose, randomised, double-blind, two-way cross-ov

healthy male and female volunteers with two fixed dose group

KWI1-300-102)

nd Neupogen in 36

, active-controlled,

pharmacokinetic (PK) and pharmacodynamic (PD) study of s.c. m grastim and Neupogen in 73

ilgrastim (75pg and 150ug). (Study

- A repeat-dose, randomised, double-blind, parallel §toup, active and placebo-controlled,

pharmacokinetic (PK) and pharmacodynamic (PD) stud

male and female volunteers (Study KWI-300-103)

po-Filgrastim and Neupogen in 78 healthy

° A single dose, randomized, double-blind, e-controlled, comparative three-way crossover

PK and PD study of Apo-Filgrastim and EU- a

oved and US-licensed Neupogen (Amgen) in 48

P Q e
healthy male and female volunteers with %d ose of 300 ug. A single -center study conducted in
a

Canada (Study GCSF-SUI N-OSSBOl-3FAcJ

O

GCP

referred to as Phase | 3-arm Study)

The Clinical trials were perform@u accordance with GCP as claimed by the applicant.

e Tabular overview of &cal studies

Table 2: Tabular Listing

All Clinical Studies

. - . Route of Dose Comparator . .
Clinical Study AWF Design Administration Administered Product Sample Size
Single dose. cross
Phase I; ¢ = .
. I r 5
K‘WI—SOO—?I N over PK. PD 1V 5 ugkg 3s
evaluation
@
75
\ _ Hg -
p Single dose. cross (~1 pg 'kg)
et '10? over, Dose response: 5C Neupogen (EU)
K@ - PE/PD evaluation 150 pg 15
& (~2.0 ng /keg)
N PhaseL. Re?ea;f";; plPa‘Ir:‘ilel sC 5ugk IE’S _a":tlj?.m&'
KWI-300-103 group £ Heks gI )
evaluation 34 - Neupogen
Phase I; . Neupogen (EU)
Single dose PK/PD -
GCSF-SUIN- mgle lose; sc 300 ng (~4 pg) and Neupogen 43
evaluation
05SB01-3FA! (USA)
Phase III;
K“’I-;:)O-lﬂci- Repeat dose, safety sC S ngkg None 120
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2.4.2. Pharmacokinetics

Study KWI1-300-101

Study Design

The study design was a single-dose, randomised, double-blind, active-controlled, two-way cro er
study. Subjects were to be randomized to receive either Neukine (5ug/kg) or the market r@ﬂce
filgrastim, Neupogen (5ug/kg, Amgen).

*
Healthy subjects were to receive the test product or the reference item intravenousl;@r a washout
period, subjects were to receive the alternative G-CSF product. O

The cross-over design was expected to minimise inter-subject variability and @ore lowered the

required sample size. &

The two subsequent treatments were separated by a sufficient wash out E iod.

Statistical and Analysis Plan

An analysis of variance (ANOVA) with the fixed factors treatment &)d, and sequence and the
random factor subject within sequence was applied for the loge- formed endpoints AUCq_35, AUC,.
00» Cmax Of filgrastim (PK) and C,,,, of the ANC (PD). A 90% co%\ce interval (CI) for the ratio of
geometric means Neukine/Neupogen was calculated using@a transformed (exponential) 90% CI
for the least square mean difference "Neukine - Neupo accordance with the guidance
documents, the equivalence margin has been set to b\ 25% for both the pharmacokinetic and the
pharmacodynamic parameters. O

Efficacy Analysis

Primary End-point Q
-Comparison of the plasma area under c(v‘)(AUC) between test and reference filgrastim medicinal
products.

Secondary End-points bo

- Comparison of Ca and T, of@astim

- Comparison of the ANC

Absorption and is&ution

Considering the pla KJC of filgrastim, the initial assumption that between 0 and 32 h after
administration of would cover more than 90% of the total AUC was correct. The increment

between the o%e and the AUCy_,, was marginal (< 1%). A statistical analysis of the AUCg_3, of
filgrastim §h e highly significant difference between the test item Apo-filgrastim and the reference
item Ne N with a probability < 0.0001 (above). With regard to the relevant confidence intervals,
however difference was within the pre-defined equivalence margins (80% - 125%).

<
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Table 3: AUC 0-32, AUC 0O-inf, Cmax, T ¥2, Tmax, CL following a single intravenous infusion

of Smicrograms /kg Apo-Filgrastim or Neupogen to Healthy Volunteers

Apo- Neupogen 90% CI
Endpoint Fi_lgl'nst'im {'_\T=3:'~:|E Ratio [%0] [%a] Pr = [t]
Mean 22047494 24340789
AUC3 SD 4060115 4530366 @
[min*pgml] [ Min 13803600 15376100 90.6 88.7-92.7 =:'.0_t69
Median | 22587500 24890800 \
Max 29070100 34322000 A
Mean | 22075297 | 24366534 \J
AUCins SD 4065640 4535283 \Q>
[min*pgml] | Min 13917900 15380700 90.7 53?-9& = 0.0001
Median | 22625100 24908100 0
Max 29101400 34348100
Mean 1032724 111567.0 @
Cox SD 15031.9 156883 (
[pz/mL] Min 719045 799263 925 @‘?0-3-947 < 0.0001
Median | 103125.0 112086.0
Max 142364.0 147204.0 ﬁg
7§ -
Endpoint .-'L!:m -Filgl'asti.lno\ Z\'fupogeu
N=35) N (N=33)
— v —
5 55 —C)
. 2 .
Tz [min] Min HD'QQ 1369
Median 164.6 164.7
Max 3053, 198.0
Mean (s 16.0
sD 1 55
T [ouin] N D 100 10.0
Median b 20.0 20.0
Max.(v 60.0 30.0
Mefly, 0.0163 0.0149
N 0.0040 0.0037
CL [L/min] \ Mi 0.0106 0.0095
NMediaa 0.0157 0.0143
Max 0.0267 0.0243
Table 4: AU(}&&Z) Filgrastim by treatment group (ITT population)
»
N7 AUC(0-32) [min*pg/mL]
Trea N| Mean SD Min Q1 Median Q3 Max
35( 22047494 | 4060115 | 13895600 | 18967400 | 22587500 [ 25038900 | 29070100
OGEN|36| 24366817 | 4467908 | 15376100 | 19747100 | 24895700 | 26749000 | 34322900
Least square mean Estimate (log- 90% CI (log-
difference scale) Pr=|f scale) Estimate (%)| 90% CI (%)
[Neukine - Neupogen -0.09836624| <0.0001([-0.12.-0.08] 90.6|[88.7%.92.7%]
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In both treatment groups, mean G-CSF plasma concentrations rapidly increased as expected after i.v.
infusion, reached a maximum after 16 minutes, and then decreased to pre-dose values at 24 hours.

With regard to the plasma AUC of filgrastim, the initial assumption that between 0 h and 32 h after
administration of G-CSF would cover more than 90% of the total AUC was confirmed. The incr.
between the AUCy_3, and the AUCy_, was marginal (< 1%). While the statistical analysis of the
and AUCg_,, of filgrastim showed a significant difference (p=< 0.0001) between the test ite r’ pO-
Filgrastim and the reference item Neupogen, this difference, however, was within the presdéefined
equivalence margins (80% - 125%) for the relevant confidence intervals. %

ment

o\
Figure 1: Mean Filgrastim time course (Per Protocol Population) {

P

Mean Filgrastim time course (PP population) Q
150000 MEUKINE NEUPCGEN §
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N,

A
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Table 5: T1/2 Fil \n by treatment group (ITT population)
y_N

o T1/2 [min]
Treatnfent® | N | Mean | SD Min 01 Median Q3 Max
’ 1685 | 135 | 149.0 | 159.3 164.6 1753 | 205.3
OGEN| 36 | 165.5 | 13.0 | 1369 | 1564 165.0 1742 | 198.0

%: Tmax Filgrastim by treatment group (ITT population)

N Tmax [min]
Treatment N Mean SD Min Q1 Median Q3 Max
NEUKINE| 35 16.3 1 10.0 10.0 20.0 20.0 60.0
NEUPOGEN| 36 16.1 3.5 10.0 10.0 20.0 20.0 30.0
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Table 7: CL Filgrastim by treatment group (ITT population)

Clearance [L/min]
Treatment |N| Mean SD Min Q1 Median Q3 Max
NEUKINE 35| 0.016477 | 0.004024 | 0.010563 | 0.013216 | 0.015734 | 0.019289 | 0.0%§702
NEUPOGEN|36| 0.014841 | 0.003725 | 0.009472 | 0.012506 | 0.014226 | 0.017365 %}5
Study KW1-300-102 . @
Study design {

The study design was a single dose, randomised, double blind, two-way cross-o Qdy. 36 subjects
of the 1° cohort received either filgrastim Apotex or Neupogen at a dose of . 36 subjects of the
second cohort were randomized to receive either 75ug Filgrastim Apotex or ogen. After a washout
period, subjects receiving one of the filgrastim products then received theér

Statistical Analysis Plan

An analysis of variance was applied for the comparison of C,,, of &ANC between treatment groups
of the same dosage level (i.e. comparisons between Filgrastim roduct 150pg and Neupogen
150ug and between Filgrastim Drug Product 75ug and Neupo5ug). The resulting 90% confidence
interval for the C,,, ratio Filgrastim Drug ProducUNeupogQ@s ompared with the pre-defined
acceptance region of 80% to 125%, biosimilarity in ter h

lower bound is > 80% and the upper bound is < 12N

e primary endpoint is postulated if the

Bioequivalence in terms of the co-primary endpoi as postulated if the lower bound of the 90% CI
for the AUCy_7, ratio of Filgrastim Drug Product/ gen was > 80% and the upper bound was
< 125%. The same comparison was performethforthe co-primary parameter AUCy_,, and the

secondary parameter Cq- &

Efficacy Analysis

Primary End-point: ANC between Q reference medicinal products.
Co-primary end-point - 150ug NC AUC between test and reference products

Secondary End-points for th g dose: PK parameters C,x and T

R

“
-
N
&

<
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Absorption and Distribution

Figure 2: Study KWI-300-102: Mean ANC-Time Profile Following a Single Subcutaneous
Injection of 150 png of Apo-Filgrastim or Neupogen to Healthy Male and Female Volunteers
(PP-Population)

Mean ANC time course (Cohort 1, PP population) b
~
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e since Filgrastim
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T150 = Apo-Filgrastim 150ug, R150 %:pogen 150ug

o

Table 8: AUC (0O-infinity) Filgrast treatment group (PP population)

AUC(0-infinity) [min*ng/mT] b
Treatment N Me SD Min Q1 Median Q3 Max
R150 35 1093.7 1707.4 2597.7 3411.0 3027.1 64899
T150 35 2.7 920.7 1764.1 2653.5 32313 3848.2 51713
Comparison of 150 eatments
Least square meart te Standard t 90% CI  |Estimate
difference Q og-scale)  |Error Value [Pr = |t| |(log-scale) |(%a) 90% CT (%)
Test - Refereﬁﬁ' -0.03229901 |0.03641621 |-0.89 |0.3815 [-.09.0.03] [96.8 [91.0%.103.0%]
—l >
Table S@Stim levels - 150 pg s.c. (ITT population)
n=3 Geometric mean Ratio: Test/Reference (%)
}heter Test Reference | Point estimate | 90% ClI
AU‘CM (min*ng/mL) | 3190.9 3278.4 97.3 91.59-103.43
AUCy o (Min*ng/mL) | 3197.9 3283.9 97.4 91.66-103.46
Crax (NQ/mL) 7.45 7.85 95.0 86.47-104.28
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Elimination

Table 10: T1/2 Filgrastim by treatment group (ITT population)

T1/2 [min]
Treatment N Mean SD Min Q1 Median Q3 X
R150 36 309.3 87.1 166.5 256.2 279.9 3141 4.0
T150 36 . 328.4_ 95.5 160.4 269.8_ 395.?_ 3?4.3 556.7
L 4 q ’
Table 11: Tmax Filgrastim by treatment group (ITT population) \
Tmax [min]
Treatment N Mean SD Min Q1 Median Q3 Max
R150 36 283.3 534 180.0 240.0 500.(&'\ 300.0 360.0
T150 36 278.3 41.0 180.0 240.0 385.25 300.0 360.0
Table 12: CL Filgrastim by treatment group (I1TT population) @
Clearance [L/min] f‘{
Treatment N | Mean SD Min QL \{J/Median Q3 Max
R150 36 0.0481 0.0159 0.0231 0 0.0428 0.0561 0.0879
T150 36 0.0491 0.0155 0.0288 0.0463 0.0565 0.0850

Study KW1-300-103

O

The study was a randomised, double-masked @e and placebo-controlled, parallel group, multiple
dose trial.

Study design

78 healthy male or female subjects Weriéf)mised to receive either Filgrastim Drug Product s.c. for
4 days (5ug/kg/ per day), market refe filgrastim (Neupogen 5ug/kg/per day) s.c. for 4
consecutive days or placebo (phys 1 0.9% NaCl) s.c. for 4 days. A 1:1 randomisation of

en was performed. Six healthy subjects were randomised to the
placebo group to allow a check@ne background in the assay of CD34+ cells.

Filgrastim Drug Product versus Ne

Statistical Methods

The values of the mai P&ameters (ANC: Cphax) and PK parameters (Filgrastim: AUCg.54, AUCq_e,
Crnax,» AUCsS) were ¢ ed using an ANOVA with the fixed factor treatment and a significance level
of a = 0.05 after | mic transformation of the data. A 90% confidence interval (CI) for the ratio of
geometric megnsifilgrastim Drug Product/Neupogen was calculated using the back-transformed
(exponential), N | for the least square mean difference "Filgrastim Drug Product - Neupogen". If
this interv&@n

postulat 0
corre

pletely contained within pre-defined equivalence margin, biosimilarity was
demonstrate comparability, the equivalence margin has been set, as defined in the
g guidance documents, to 80% - 1259% for all PD and PK parameters.

Analyses

The%ollowing pharmacokinetic parameters were determined:
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Table 13: PK endpoint parameters of filgrastim used in the efficacy analysis

Parameter | Trial Unit Description Endpoint
day Level
AUC 4 Trial min*ng'ml | Area under the plasma concentration/fime curve, Secondary
filgrastim day 1 caleunlated by the linear trapezoidal rule based on F
filgrastim plasma concentrations from O hours up
te 24 hours following filgrastim administraticn Vo 4
AUC, - Trial min*ng/ml | AUC from time zero to time infinity where AUC, | Sec Dug/
filgrastim day 1 == AUCq.2¢ + Cun/'Lz, Crasr 1s the last measurable IS
drug concentration and Lz 1s the terminal \
elimination rate constant
Conax Trial ng/ml Maximum plasma concentration, determined
filgrastim day 1 directly from the measured plasma concentration
(last absolute maximuom)
Tia Trial in Elimination half life % ¥ Sec ondary
filgrastim davy 1 . )
j — Trial min Time at which Cmax 15 achieved, determg Secondary
filgrastim day 1 directly from the measured plazma cc-u%riuus
CL Trial L/min Systemic Clearance o Secondary
filgrastim day 1 (
Vi Trial L Volume of distribution, based o h.;_,= Secondary
filgrastim davy 1 A@
AUC,, Trial min*ng'ml | Area under the plasma couc%ﬂ:’ﬁm& curve in | Secondary
filgrastim day 4 steady state, calculated by, trapezoddal
rule based on filgrastim 1@ concentrations
following the last filg'r@::dmmistratiou (trial
day 4) up to the ]as\ d filgrastim
concentration.

Note: Plasma filgrastim concentrations have been de ined in pg/ml; calculations of PK parameters
have been performed in pg/ml. but results are prﬁ ng'ml for better clasity.

Absorption and Distribution

Table 14: AUC 0-24 Filgrastim by tre@yent group (PP population)

[AUC(0-24) [min*ng/mL ] e

Treatment b

group N Mean SD Min Q1 Median Q3 Max

T 35 11734, 2737.0] 68094 93895 11732.0 13543.6 17672.4

R | 34 | Q vl 3202.4] 6356.6) 9989.0] 110619 13459.5 20538.4

Least square M’nﬂtc Standard t 90% CI |Estimate

mean difference -scale) Error  |Value|Pr > [t| |(log-scale)| (%) 90% CT (%)

Test - Referenc 0160776 | 0.06188996 | 0.03 |0.9794|[-.10,0.10]| 100.2 |[90.34%.111.05%]
L2

Table 15: A aninity Filgrastim by treatment group (PP population)

N Mean SD Min Q1 Median Q3 Max
35 11803.8] 2751.5| 6890.5 0447 .6 11804.3 13592.2 17828.6
34 11917.0p 3307.9| 6410.1 10025.7 11134.3 13563.3 20624.6

Least square Estimate | Standard t 90% CI |Estimate
mean difference | (log-scale) Error  |Value|Pr = [t]|(log-scale)| (%) 90% CT (%)
Test - Reference | 0.00097815] 0.06184965 | 0.02 [0.9874|[-.10.0.10]| 100.1 |[90.29%.110.98%]
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Table 16: AUC ss Filgrastim by treatment group (PP population)

AUC(ss) [min*ng/ml ]
Treatment
group N | Mean SD Min Ql Median Q3 W
T| 35 5440.8 1484.6 3441.8 4133.3 5040.9 0458.4 6.5
34 5387.6 1790.2] 2711.1] 40374 52345 6173.8] 596.8
Least square Estimate Standard t 90% CI |Estimate & -
mean difference | (log-secale) Error  |Value|Pr = [t||(log-scale)| (%) % CI (%)
Test - Reference |0.02305057 | 0.06954855| 0.33 |0.7414([-.09.0.14]| 102.3 112%.,114.92%)]

Table 17: Cmax Filgrastim by treatment group (PP population)

X

Figure 3: Mean Filgrastim time course on

Cmax [ng/mL]
Treatment group | N Mean 5D Min e Q3 Max
T| 35 2592 695 13.17 .& 24.54 31.62 41.52
R| 34 2554 781 13.88 24.02 27.77 47.34
Least square Estimate | Standard t Estimate
mean difference | (log-scale) Error  [Value|Pr Mog-scale)| (%) 90% CI (%)
Test - Reference | 0.02180455(0.06791959| 0.32 \ [-.09.0.14]| 102.2 |[[91.26%.114.46%]
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Figure 4: Mean Filgrastim time course on study day 4 (Safety population)

WMean Filgrastim time course (Tnial day 4, 1T 1T population)
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Table 18: Filgrastim levels (ITT populatioQ

Geometric meanf&d Ratio: Test/Reference (%)
Parameter Test Re: e | Point estimate | 90% CI
(n=36) —36)
. N4
AUCy_54 (Min*ng/mL) | 11221 11334.7 99.0 89.25-109.82
y 2
AUCy_, (Min*ng/mL) | 1 11407.0 99.0 89.22-109.78
Cmax (ng/mL) 24 24.46 99.7 88.74-112.05
AUCss (min*ng/m 254.1* | 5098.6 103.1 92.04-115.37

il
Ellmlnat\

Table L% Filgrastim by treatment group (ITT population)
tion half life [min]
atment group | N | Mean SD Min Q1 Median Q3 Max
i 36 162.2 15.6 135.3 148.2 161.5 172.9 196.4
128 36 162.2 194 1384 148.1 157.7 172.9 2228
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Table 20: Tmax Filgrastim by treatment group (ITT population)

Tmax [min]
Treatment group | N | Mean SD Min Q1 Median Q3 Max
T 36 299.2 36.2 240.0 270.0 300.0 300.0 60.0
R 36 3058 32.7 240.0 300.0 300.0 300.0 A
Table 21: CL Filgrastim by treatment group (ITT population) %6
Clearance [L/min] \
Treatment 9\
croup N | Mean SD Min Q1 Median Max
T 36 0.0317 0.0114 0.0149 0.0232 0.027 0413 0.0599
R 36 0.0312 0.0007 0.0158 0.0239 0.03 0.0360 0.0554
Study GCSF-SUIN-055BOI1-3FA t

Study Design é

As a part of the global development of Apo-Filgrastim and foll% the manufacturing changes in the
Apo-Filgrastim drug substance and drug product in terms nufacturing scale and addition of
the a mixed mode chromatography for additional pUI’IfIC e applicant conducted this study to
further demonstrate the lack of meaningful differenc \h e clinical performance of Apo-Filgrastim DP
from Process |1, Apo-Filgrastim DP from Process |1l and the reference product, EU-approved
Neupogen. The Phase | 3-arm study was designe a comparative, single center, randomized, three-
way crossover double-blind study with single—@subcutaneous administration of 300ug Apo-

Filgrastim, EU-approved Neupogen and US-licerfsed Neupogen.

The pharmacokinetic (PK), pharmacodyr@PD) and safety endpoints analysed in the study were as
below:

— Primary PK endpoints: AUC, @‘ax of filgrastim

—  Primary PD endpoints: AU Cmax Of ANC

— Secondary endpoint: T fllgrastlm

— Tertiary endpoint Tmax, Ke Of filgrastim

— Safety endpointg” erse events, lab tests, vital signs and immunogenicity.

The cross-over as comprised of three periods involving 6 dosing sequences of the

investigation ct, Apo-Filgrastim, and the comparators US-licensed Neupogen and EU-approved
Neupogen¢ tﬁl number of 48 healthy volunteers, in the age range of 18-55 years were dosed in the
study. Fb e (45) subjects completed at least two periods of the study and of these, forty (40)
subjec leted all three periods of the study. Consequently, the safety population included all
(48) randomized subjects since all subjects received at least one administration of the
eatment. The pharmacokinetic/pharmacodynamic (PK/PD) dataset included forty-five (45)
subyects, which is in accordance with the protocol that defined the PK/PD population as subjects who
completed at least two periods of the study. The study duration included three periods, a washout
between doses and the collection of a blood sample for immunogenicity testing at 240 hours (10 days)
post-dose in each period. Passive safety surveillance was performed for the duration of 4 months after

the completion of last study period.
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Blood sampling was scheduled for filgrastim estimation at 0.5, 1.25, 2, 3,4, 5,6, 7, 8, 9, 10, 11.5, 13,
15, 18, 24, 30 and 36 hours after dosing. For absolute neutrophil counts (ANC), blood samples were
drawn prior to dosing time (O hours) and at 0.5, 1, 2, 4, 6, 8, 10, 11, 12, 14, 18, 24, 36, 48, 72 and
96 hours after dosing.

Pharmacokinetic/Pharmacodynamic Analysis b

A 2-way analysis of variance (ANOVA) was performed for each comparison. The ANOVA inc@i
sequence, subjects nested within sequence, period and treatment as factors. The sigrﬁfi@ of the
sequence effect was tested using the subjects nested within sequence as the error tepm:

For filgrastim, ANOVA was performed on the log-transformed AUC,, AUC;,; and & ameters and on
the untransformed T, Ke @and Tyys parameters of filgrastim and for ANC data, /ANOVA was performed

on the log-transformed AUC; and C,,.x parameters. In addition, ANOVA was
untransformed Tmay parameter (PROC GLM of SAS® v8.2 software). Q
o]

(I:(

The two one-sided hypothesis was tested at the a=0.05 level of signiﬁ% r the AUC,, AUC;,s and
Cmax parameters of filgrastim and for the AUC, and C,,.x parameters Ef A by constructing the 90%

confidence interval for the ratio between the test and reference meags. Additionally, a supplementary

analysis conducted on the ANC data using a higher alpha level o®ificance (a = 0.025) leading to
the calculation of a 95% confidence interval has been perfor

Methods Q

- Analytical methods O

The analytical reports used for the PK and immun nicity analysis of the Apo-Filgrastim clinical
studies submitted were: 6

1. ELISA for measurement of G-CSF in p@
2. Immunogenicity assays C&
a. Screening ELISA

b. Confirmation of pc@e samples (depletion with G-CSF)

c. Neutralising c ed proliferation assay

ELISA for PK estimation Q
n G-CSF sandwich enzyme immunoassay (EIA) kit was used.

A commercially availaw—lu

A complete validati analytical method has been provided. The validation parameters of this study
include, intra andfinter-assay precision and accuracy of the back calculated concentration for the

.
calibration sta , the inter- and intra-assay precision and accuracy of the QCs and the method

total errorsastfwell as the short-term stability analysis.

The in-s@/\alidation for the three Phase 1 studies was submitted and shows acceptable calibrations
d

stand QCs values.

sample analysis was completed within less than five months of the sample collection for all
th studies. The long-term stability for GCSF was at least five months to cover the above period of
storage.

Immunogenicity assays

The anti-drug antibody (ADA) analysis involved the following steps:
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Step 1: A Screening assay performed on all human serum samples for detecting the presence of the

IgG and IgM antibodies.

Step 2: A Confirmation assay to confirm the positive results obtained in the Screening assay.

Step 3: A Neutralising assay on confirmed results from Step 2, to evaluate the positive samplesyfor

their G-CSF neutralising potential in a Bioassay.

Filgrastim, EU-approved Neupogen and US-licensed Neupogen are presented in linear

Mean G-CSF concentration time profiles obtained after the single subcutaneous administ @of Apo-
'& plots in

Figures below.

Subjects

Figure 5: Average Concentration — Ln (Average Concentration) / TimeP@@for All

13.1.4 Average Concentration — Time Proflle for All Subjects
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A summary table of the PK
Comparator Neupogen Pr

Table 22: PK Param
Comparator Neup
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TIME (Hours)

meters following a Subcutaneous Injection of 300ug Apo-Filgrastim and
s, in Healthy Volunteers are presented in table 24 below:

rs following a Subcutaneous Injection of 300pug Apo-Filgrastim and
Products

dmter Apo-Filgrastin US-Neupogen EU-Neupogen
<’\ Mean (CV %) Mean (CV %) Mean (CV %)
’\J (N=43) (N=43) (N=43)
P
b AUC; 200720.00 192379.97 186404.48
@ (pg*h/mL) (34%) (31%) (34%)
Crnax (Pg/mML) 24212.80 22756.87 21835.92
(44%) (36%) (38%)
AUC;¢ 202126.78 193710.54 187937.67
(pg*h/mL) (34%) (31%) (34%)
Trmax (1) 5.00 (33%) 5.00 (23%) 5.00 (23%)
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Ker (1/0) 0.11551 (58%) | 0.10586 (44%) | 0.10331 (44%)

Tharr (h) 7.17 (35%) 7.30 (29%) 7.62 (33%)

A summary of all statistics estimated for all pharmacokinetic endpoints of filgrastim for the aII@e

comparison is presented the table below

<

Table 23: summary of all statistics estimated for all pharmacokinetic endpoir)ts%

# Based on the least squares estimates of
estimates of the arithmetic means for T

The 90% confidence inter;
pharmacokinetic end

0.8-1.25 for all com
Dose propgrdl

No studiesyo

£y

Spe

@9

No cial

ints

s

. Thalf.

ns.

pulations

ality and time dependencies

population PK studies were submitted.

Pharmacokinetic interaction studies

No pharmacokinetic interaction studies were submitted.

ymetric means of AUCt, Cmax. AUCinf and based on the least squares

e proportionality and time dependencies were submitted.

Apo-Filgrastim vs | Apo-Filgrastim vs | US-Neupogen vs {\
Endpoint EU-Neupogen US-Neupogen EU-Neupogen
(N=43) (N=43) (N=43) \Q“
) Relative 1.01
AUCt . | 110 1.08 &
[pe*/mL | Mean Q
] 90% CI | 1.04-1.16 1.02-1.14 0.96-1.0
‘ Relative 111 110 1.02
Cmax Mean® - : (
[pg/mL] —
90% CI | 1.02-1.21 1.01-1.20 (@-}00
> Relativ
AUCqms CAuYe 1 100 1.08 <
[pg*h/mL | Mean
] 90% CI | 1.04-1.15 1.02-1.14 _.c 0.96-1.06
Relative \J 1.01
z .99 97
T [0] | \fean® 02 02
90% CI | 0.91-1.07 0.83-106) 0.95-1.07
Relative @ 1.02
" 1.14 L.
Kel [1/h] | Mean™
90% CI | 1.03-1.25 ;‘0.99-1.16 0.94-1.11
Relative U 0.96
" =
Toae (0] | npoan® | O 0 0.90
90% CI | 0.85-1.01 b' 0.90-1.06 0.88-1.04

the relative mean AUC; and C,,, for filgrastim, the primary
he study, were contained within the pre-defined acceptance range of
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Pharmacokinetics using human biomaterials

No pharmacokinetic studies using human biomaterials were submitted.

2.4.3. Pharmacodynamics 2

Mechanism of action

Filgrastim exercises its action by binding to specific G-CSF receptors on the cell surfanix_I ing

studies indicate two types of receptors: low affinity 100-130 kDa monomer receptors% igh-affinity

oligomeric receptors. Its action on G-CSF receptors promotes the growth, prolifera @ differentiation,

and maturation of neutrophil precursors and enhances the function of matur phils by increasing
]

phagocytic activity and antibody-dependent cell-mediated cytotoxicity. Its also mobilises

haemopoietic progenitor cells from bone marrow into peripheral blood. 0
Study KW1-300-101 /O

Figure 6: Mean ANC time course (PP population) {
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Figure 7: Mean ANC time course (ITT population)
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Table 24: Cmax ANC by treatment group @opulation)
[G/L]
Treatments N Min Q1 Median Q3 Max
NEUKINE| 35 11.42 15.55 18.48 22.17 29.86
NEUPOGEN| 35 11.43 15.40 18.74 22.85 32.55
Least square mean 90% CI (log-| Estimate
difference Pr> |t scale) (%) 90% CT (%)
[Neukine - Neupogel\ < -0.00469831| 0.8972|[-0.07.0.06] 99.5([93.6%.105.8%]
Table 25: AUC (O- ANC by treatment group (PP population)
A\ AUC(0-72) [min*G/L]
Trea N | Mean SD Min Q1 Median Q3 Max
35| 461374 | B608.3 | 31838.0 | 415354 | 46256.5 | 51986.2 | 627658
D& GEN| 35| 46601.5 | 9321.6 | 29727.7 | 390064 | 44899.3 | 51965.5 | 632134
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Table 26: Absolute neutrophil count - 5ug/kg i.v.

n=35 Geometric mean Ratio: Test/Reference (%)

Parameter Test Reference Point estimate | 90% CI

Cmax (G/L) 18.55 18.64 99.5 93.63-105.80 b
AUCy_72 (Min*G/L) | 45314 45714 99.1 95.48-102.91 @

. Q,
Considering the PD parameter C,,ox Of ANC, there was no statistically significant diﬁe@between
both study medications (probability = 0.8972) and the confidence intervals were the pre-defined

equivalence margins (80% - 125%). It is therefore concluded that the obser rence in the
pharmacokinetics between the test item Neukine and the reference item Negn of filgrastim is not
relevant for the PD effect in terms of ANC stimulation in humans. This resulty phasized when
considering the results obtained by univariate statistical analysis of the », of the ANC yielding
almost identical values for both the test item Neukine and the referenc%n Neupogen with regard to

the PP population and the ITT population too. {
Study KW1-300-102 @

Table 27: Cmax ANC by treatment group (PP popul tiorQ

Cmax ANC [G/L]

Treatment group | N | Mean SD Mi.n\ 1 Median Q3 Max

T150 35 19.04 3.83 11.?6\ 17.23 20.00 21.09 26.53
R150 35 19.59 3.29 @5 17.47 19.99 21.81 25.75
T75 33 17.13 3.74 0 14.96 16.61 19.01 26.01
R75 33 18.60 4.11 Qﬂ.?ﬂ 16.42 18.32 20.07 32.05

Comparison of 150 ng treatments

Least square mean|Estimate n g’ t 90% CI  |Estimate
difference (log-scale) [Burdg Value |Pr > |t| |(log-scale) |(%) 00% CI (%)
Test - Reference  |-0.03745829 82301 -1.35 10.1874 [[-.08,0.01] |96.3 [91.9%.,101.0%]

Comparison of 75 ng treatn 1r~,0
P L

Least square mean |Est Standard t 90% CI  |Estimate
difference (IO;J-EQ Error Value |Pr = |t| |(log-scale) |(%) 90% CI (%)

Test - Reference |-0N8378525 (0.02650357 |-3.16 (0.0035 ([-.13.-.04] [92.0 [87.9%.96.2%]

Table 28: AULC @) ANC by treatment group (PP population)

AUC(0-72 @G;’L]

Treatmy K

group 6 N | Mean SD Min Q1 Median Q3 Max

TlS(@ 35 43209.3] 7921.5] 24674.0 372037 41269.8 40212.2 55836.6

RN 35 43979.6) 6866.4] 30334.1| 383244 43898.5 496152 56331.0
- 33 35076.8) 6526.3| 21989.0| 31623.1| 34337.2| 392447 49218.0

R 33 37000.8| 7622.5| 25854.5] 32497.0] 34306.3] 40397.1 58019.7
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Table 29: Absolute neutrophil count - 150ug s.c. (PP population)

Geometric mean | Ratio: Test/Reference (%0)

AUCp.7, (Min*G/L) | 35 | 42455 | 43461 | 97.7 93.75-101.79

Table 30: Absolute neutrophil count - 75ug s.c. (PP population) @b
Geometric mean | Ratio: Test/Reference (%0) . @
AUCq 7, (Min*G/L) | 33 | 34481 | 36316 | 94.9 91.72-98.29 {\

Figure 8: Mean ANC time course for the 150ug dose and the 75 ug dc& population)
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Table 31: Cmax ANC by treatment group (ITT population)

CMax [G/L]

Treatment group | N | Mean SD Min Q1 Median Q3 Max
T150 36 18.88 3.89 11.76] 16.65 19.92 21.01 26.53
R150 36 19.65  3.26 12.25 17.48 20.12 21.77 20
LTS5 37 17.25 3.56 10.50] 15.10 17.03 19.15 .
R75 36 18.44) 397 12.72 16.38 17.78 19.79 (ézﬂ‘i
Comparison of 150ug treatments

Lcast square Estimate Standard |t 90% CI  |Estimate x

mean difference  |(log-scale)  |Error Value Pr > |t| |(log-scale) |(%) 90f %)

Test - Reference |-0.04782202 [0.02893599 |-1.65 |0.1076 |[-.10.0.00] |95.3 0 100 11%]

Comparison of 75ug treatments

I cast square Estimate Standard |t 90% CI .Es
mean difference  |(log-scale) |Error Value |Pr > [t| |(log-scale) 90% CI (%)
Test - Reference |-0.07101003 [0.02582913 |-2.75 |0.0095 |[-.11.-.03] [93" [89.16%.97.30%]

Table 32: AUC (0-72) ANC by treatment group (ITT popul@)

[AUC(0-72) [min*G/L]

Treatment ‘ Q 1

group N | Mean SD Min Median Q3 Max
T150 35 43209.3) 7921.5 203.7) 41269.§ 492122 55836.6
R.150 36 44046.9 6779.6 38355.0 44078.3] 493450 56331.0
T75 36 35373.4) 63988 31915.2| 348571 39286.7 49218.0
R75 36 36931.6| 73394 32315.6 34406.6) 3989904 58019.7

Table 33: Absolute neutrophil count(&ihg s.c. (ITT population)
) |

- N -
Geometrw@n Ratio: Test/Reference (%)

Parameter Point estimate | 90% CI

AUCy 72 (Min*G/L) 97.7 93.75-101.79

Table 34: Absolute g s.c. (ITT population)

N
l%\' Geometric mean Ratio: Test/Reference (%)
A\~ 4

Parameter ;n Test Reference | Point estimate | 90% ClI

AUCo.7» (ml(}) 35 | 34793 | 36221 96.1 92.61-99.64

QQJ
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Study KWI1-300-103

Table 35: Cmax ANC by treatment group (PP population)

Cmax [G/1]

Treatment group | N | Mean SD Min Q1 Median Q3 @

T 35 30.54) 6.15 19.19 27.76 30.57 33.48 96

R 34 32.27 7.68 20.47 27.02 20.95 36.38 51.50
__ e

Least square Estimate Standard t 90% CI |Estimate

mean difference | (log-scale) Error  |Value|Pr > [t||(log-scale)| (%) &% CI (%)

Test - Reference |-0.04906252|0.05205780|-0.94 [0.3493([-.14.0.04]| 95.2 ‘@29‘3‘&..103.85"»’6]

Table 36: Cmax-24h ANC by treatment group (PP population)

Cmax-24h [G/]] Sl

Treatment group N Mean SD Min Q1 1 Q3 Max
T 35 21.04| 3.68 13.07 18.64 { 21.0 24.45 26.01
R 34 21.96 4.62 13.79 18.791 22.0 23.88 34.85
\ %4
Table 37: AUC 0-24 ANC by treatment group (PP po D;
AUC(0-24) ANC [min*G/1] [ Q
Treatment g
croup N Mean SD Mi Q1 Median Q3 Max
T 35 229749 3878.1] 14 ;m 21027.4)  22781.9) 26524.6] 28634.7
R 34 23873.8] 4679.4 61W7.1|  20837.3] 23422.1] 25745.5| 38997.2
Table 38: Cmax-24h ANC by treatm t roup (PP population)
AUC(0-24) ANC [mun*G/1]
Treatment
croup N Mean Min Q1 Median Q3 Max
T 36 2308 %8"" 5| 14321.4| 21226.2] 228426 26541.6] 286347
R | 36 47174 16167.1] 21169.3] 237353 26019.9] 389972

Table 39: AUC 0—24&3 by treatment group (PP population)

Cmax [G/]] N
Treatment gﬁ@ N Mean SD Min Ql Median Q3 Max
C

T I EE 30.54|  6.15 19.19 27.76 30.57 33.48 46.96
R ' | 36 32,55  7.55 20.47 27.26 30.81 36.73 51.50
Lea §c Estimate Standard t 00% CT |Estimate

Reference |-0.05867795|0.05102467|-1.15]0.2541|[-.14.0.03]] 94.3 |[86.61%.102.67%]

%:@‘cr:nc: (log-scale) Error  |Value|Pr > |t||(log-scale)| (%) 90% CI (%)
t
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Table 40: Absolute neutrophil count (PP population)

Geometric mean Ratio: Test/Reference (%)
Parameter Test Reference | Point estimate | 90% CI

(n=35) (n=34) b
AUCy 72 (Min*G/L) | 22624.9* | 23477.2 96.4 89.56-103.69 @
Crmax-24 (G/L) 20.70* 21.53 96.2 88.94-103.99 '\@

{

The primary endpoint result is emphasized when considering the results obtaine Qﬂivariate
statistical analysis of C,.x-24h of ANC and the AUC,_,4 of ANC after first filgraz plication yielding

almost identical values for both the test item Filgrastim Drug Product and t
with regard to the PP population and the ITT population

rence item Neupogen

Figure 9: Mean ANC time course on trial days 1 and 4 by treatm roup (PP population)
y 2
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The variation of ANC counts observed in the placebo group was in the expected range of fluctuations
(intra-subject and inter-subject variability) usually experienced during sequential ANC counting (mean
coefficient of variation: 19%).

Table 41: CD34+ cell count was assessed on study days 1 and 5.

CD34+ [/ul] b'_

Treatment Q[

croup Trial day N | Mean| SD |Mm| Q1 | Median,| Max

i Sereening visit or Day 1 35 2.000 0.81] 0.83 1.44 1.8 Y40  3.90
Trial day 5 (96h) 35| 27.65 16.54] 6.04) 15.30 Eé\ 40.82| 66.72

R Screening visit or Day 1 34| 185 077 0.62] 1.32 8 2.16] 3.78
Trial day 5 (96h) 34| 24.84 15.03 5.85 13.55\@.'30 34.24] 72.00

P Screening visit or Day 1 6 234 0.70] 1.52( 1. 2240 2721 3.50
Trial day 5 (96h) 6| 256 078 1.59 2@' 245 3300 3.5

50+

404

30+

20+

104

CD34" cell counts / pl

99 Hl Baseline cell counts
\Q“‘-‘ B Cell counts on day 5

*
GCSF-§U®058501-3FA-(5) study

Mean AN Xentration time profiles obtained after the single subcutaneous administrations of Apo-
Filgrasti -approved Neupogen and US-licensed Neupogen are presented in linear and log plots in

Fi@ low.
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Figure 11: Average Cell Count and Ln (Average Cell Count) /7 Time Profile for All Subjects

1324 Average Cell Counts — Time Proflle for AN Subjects 13,25 Ln{Average Cell Counts) — Time Profle for All Subjects
224 —a—& MELUFOGENE SINGLEJECTE EYRINGES, 300 usa) q P
e NGRS 20 EYRNGES, mo g B 4 < IEUPOGEND SNGLESCTS SYIMMGES, S0 my ()
H—H-% FLGRASTIM PRE-FILLED SYRINGES, 300 mog - n_c.gqsz:rm;_mm:\‘ﬂugg, Isnn)m
20

In[ABSOLUTE NEUTROPHIL COUNTS]

ABSOLUTE NEUTROPHIL COUNTS (cellsx1OE9/L)

TIME (Hours) TIME (Hours)

L ‘ E
D_I T T T T T T T T T ! ’ ’
0 12 24 36 48 60 72 84 96 108 Q 3 4& 60 72 84 %6 108

@ d are shown in Table below.

Table 42: Results of Apo-Filgrastim vs. EU N?Jgogen and vs.US license

=~
Evaluation Criteria Apo-Filgrastim Vs. ElQ,:’LpD—Filgmsrim Vs. US US RMP Vs. EU RMP
RMP RMP

PHAEMACODYNAMIC PARAMETER: @_L—TE NEUTROPHIL COUNT (ANC)

AUCt Rario 103% 0 100% 102%
>

(90% CT) (100% - (97% - 104%) (99% - 106%)
(95% CT) (00° @7%) (96% - 104%) (99% - 106%)
C oz Ratio A 100% 104%
(90% CT) \ (088 - 108%) (96% - 105%) (99% - 109%)
(95% CT) m'@s% - 100%) (95% - 106%) (98% - 110%)
A\~ 4
Apo-Filgrastim: 1538 Apo-Filgrastim: 1538
¢ Q po-tiEr potier EU RMP - 13.94 hours
T oy Mean \ hours hours
(J US RMP- 16.05 hours

EURMP - 13.94 hours US EMP- 16.05 hours

*EMP=] e Medicinal Product

Comparison across studies

The Applicant submitted a re-analysis of PK parameters from both ITT and PP populations of all phase |
PK/PD studies. The results in the PP population are presented below in Table 45.
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Table 43: Summary of PD/Statistical Results for ANC Cmax and AUC t Parameters in Clinical
Phase | PK/PD Studies with Apo-Filgrastim (Neukine) and Neupogen (PP Population)

Q "-3'15) ANC

Study Rati
AT
D Par: t O0%a CTI[% Q5% CI[2
LEL arameter TIRY% [¥2] [ b
(m) @_
KWI-200-101 Cmax (0-72) ANC _ o @
995 93.6—105.8 025 M)
Sugkg [GL] {
(n=33) AUC (0-72) ANC -
fmint® S 9913 95.5-1029 N - 103.7
Crmax (0-72) ANC & o
91.9-101.0 91.0-101.9
EWI-300-102 150 ug | [GL] 963
(1=35) ATIC (0-T2) ANC _ ]
T 97.7 93.3-101 93.0-102.6
[mon®* GL] .i
Crnax (0-72) ANC @ o
KWI-300-102 TS pz | (G 520 NN -96.2 871871
(n=33) - '{
AUC (0-72) ANC 95.0 1.7-98.3 91.1-99.0
[min® G/L] N
C 0-24) ANC
EWI-300-103 max (0-24) \s-ﬁ.: §8.5-104.0 §7.6-105.6
[GL]
Sugks
AUC (0-24 :D,:(J
(m=34) ¢ - _:' 96 .4 89 6-103.7 88.3-105.2
[mun* &
Croax (0- [C .
GCSF-SUMN-055B01- 103 99 -108 0% - 109
2NQ)
3FA 300 ug
(m=43) 103 100-106 9% 107

Sonrce: Smdy reports
In order to further

curve even for A
dose ranging f
Since study

5

0-101 o EEWI-300-103, GCSF-5UIN-035B01-3F.

strate that this dose is indeed on the ascending portion of the dose response

e ANC AUCs for Neupogen in each of the Phase | studies (and hence at each
to 5 pg/kg) in Apo-Filgrastim clinical program were evaluated for trend over dose.
00-103 was a multiple-dose study, in order to have data that is comparable to that

of the ot \ngle dose studies (KWI-300-102 Cohort 1 and Cohort 2), the ANC AUCO-24h for all

studies
tabul

d/below in the table below.

sed for assessment. The ANC AUCO-24h value for Neupogen in each of these studies is
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Table 44: Summary of AUC 0-24h for ANC following the Single Dose SC administration of
Neupogen in Studies KWI1-300-102 and KWI1-300-103

Study Dose EE;&F{‘E_MII
EWI-300-102 Cohort 2 =1 pg'kg” 18,108.32 nt}
KWI300-102 Cohort1 | = 2 pg/ke’ 71.038.22 A

o
KWI-300-103 S pgke 23.766.32 O

“based on a weight of approximarsly 73kz

* EROITETIC I2an

Figure 12: Assessment of ANC AUEC* following Single Dose Adminis

Apo-Filgrastim and Multiple Dose Administration of Neupogen

,00

o)

ion of Neupogen and

40000

35000

7,000.00

+ 6,000.00

+ 5,000.00

= g
L)
g T
2 =
< %
e a
d = =
g o O E
£ \ + 4,000.00 <
£ o
E 25000 - )
& rf + 3,000.00 =
5 id Q -
3 20000 | B2 : o
g wfs=" & B Single Dose Neupogen (Apotex) | 2 000.00 H
=y i =]
0 (J 4 Single Dose Apo-Filgrastim <
Z 15000 0 1 1,000002
® Multiple Dose Neupagen (Hexal <
EPAR)
10000 : : : : : . : : : 0.00
0 1 2 4 5 6 7 8 9 10 11
{ Dose (ualkg)

Q

*The Y-axes titles of \IEpI’ESf:ﬂI’ the units as identified m the source used for constructing this dose-response-plot. The

units used for the Ap
the units presentedg

and thus is notpré§ented in the same units

test and
which
adfhi

a are’ min*10"9/L" and for data reported in Hexal EPAR' are “10°3 h/ul”. Given the uncertainty of
exal EPAR and to ensure that the data presented in the plot was accurate, the data was not converted

nce products as multiple dose studies, the Applicant presented a review of the data
d that the difference observed between Apo-Filgrastim and Neupogen following the
tion of a single dose (i.e. AUCO0-24) is essentially the same as the difference observed after

To demoEng&uat single-dose studies were equally as sensitive in detecting PD differences between

inistration of multiple doses (i.e. 4 daily doses) of filgrastim (AUC0-96); approximately 3.6%

an

.4% respectively. The ANC Cmax data revealed the same. Thus, despite altered levels of

expression of G-CSF receptors and altered disposition of filgrastim under a multiple-dose setting, these

results suggest that a single dose setting is expected to be as sensitive as a multiple dose setting in
ascertaining differences between filgrastim medicinal products. Accordingly, the available single dose
data for Apo-Filgrastim at low doses (i.e. 1 ng/kg (75 ug) and 2 ug/kg (150 pg) should provide
assurance of clinical similarity following the multiple dose administration of corresponding low doses.
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It should be noted that there is limited available data in the literature to compare the response
following low dose administration of filgrastim.

Table 45: Summary of PD/Statistical Results for ANC AUEC and Cmax Parameters in Clinical

Phase | PK/PD Study KW1-300-103
Absolute 6
Study Ratio of the Test Difference of the
Dose Parameter and Reference Test and 95%a C@
(m) T/R% Reference LSM

Co )

AUC (0-24) ANC

[min*10%/L1] go.4 3.6
N
AUC (0-96) ANC
EWI-300-103 [nﬁl]*log."]—_,] 956 4.4 0-1038
Spgkg
— -2
(n=34) Cm""“[{l%gji)] ANC 962 38 X 87.6-105.6
me[gg-zz)] ANC 952 4.8 §1 85.8-105.6

2.4.4. Discussion on clinical pharmacology

The pharmacokinetics of Apo-filgrastim were initially investigate@hree studies in healthy human
subjects — a single 5ug/kg intravenous dose study, a 75ug a H1g single subcutaneous dose study
and a repeat subcutaneous dose 5ug/kg/day study. The chgi nrolling healthy subjects in order to

minimise variability, which may complicate evaluation of E quivalence, is endorsed.

In general, the studies were well run and prior to co ement, scientific advice was sought from
the CHMP. The main divergence from this advice was to maintain the placebo group in the 3-arm
multiple-dose study, KWI-300-103, in order to h@emonstrate assay sensitivity instead of replacing
it with another study arm where subjects WouQadministered a different dose of Apo-filgrastim (2.5
or 10ug/kg). This was considered problematic as*the Apo-filgrastim development programme then
lacked comparative repeated-dose data dose levels, which would allow convincing

demonstration of PK equivalence.

on of the screening, confirmatory and neutralising

The methods for quantification of Qy treatments in serum included a commercial ELISA and
were adequately validated. The v i

immunogenicity assays was a ble.

A new study, GCSF-SUIN-
objective of the study was

1-3FA (Phase | 3-arm), was submitted during the procedure. The
emonstrate that Grastofil manufactured using drug substance from
and proposed commercial drug product from Process Il was similar in terms
of PK/PD to EU-app Neupogen. Thus the aim of the study was to bridge the existing clinical data
for Apo-Filgrasti rocess Il, and DS Process VII) vs the comparator. The study demonstrated
that a single{a’?@' tration sc of 300ug of Grastofil manufactured with the final process intended for
r

manufacturing Proces

the markete uct is comparable, in terms of PK/PD, to the reference test products. In addition, the
markete Nence products, Neupogen Europe and USA were comparable as expected. For the
primar b‘nacokinetic endpoint parameters AUC, and C,,, for filgrastim, the 90% confidence

int rv@ere contained within the pre-defined acceptance range of 80-125% for all formulation
%isons.

PK data were analysed using ANOVA on log-transformed data with terms for sequence, subject within
sequence, period and treatment. This is the analysis requested in the CHMP bioequivalence guideline.
The acceptance limits set for the confidence intervals of the differences were in line with those outlined
in the CHMP bioequivalence guideline.
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The principle PK issue arose from the results of Study KWI-300-101 and Study GCSF-SUIN-05SBO01-
3FA. For Study KWI-300-101 the statistical analysis of the AUCy_3, and AUCg_,, of filgrastim showed a
highly significant difference (p=< 0.0001) between the point estimates for the test item Apo-Filgrastim
and the reference item Neupogen. In Study GCSF-SUIN-05SB01-3FA as in KWI-300-101 there were
seen to be statistically significant differences in PK outputs between Neupogen and Grastofil. he
other hand, the CHMP acknowledged that in the comparative healthy volunteer studies, for all ain
PK parameters, the 90% confidence intervals of the ratios of the means were fully containe@hin the
80-125% acceptance limits, in line with the guidance provided in the CHMP Guideline pn

Investigation of Bioequivalence (January 2010). Although the usual acceptance criteri N
bioequivalence were met, these 'bioassays' constituted a signal of differences betvé

formulations that needed to be investigated prior to a conclusion of biosimilarity drawn.

By way of providing justification for the confidence intervals of the PK ratio t @ncompassing 100%
in the intravenous dose study and in study GCSF-SUIN-05SB01-3FA, the w nt indicated that the
results were likely due to the low variability of the PK data in study KWI 01 as a result of having
more subjects than required in the study and due to the nature of the in enous dose model, which
is usually associated with lower variability than the subcutaneous d@l model. This justification was
supported with data from the relevant studies. However, it shoul@

significant impact on the width of the confidence intervals and

oted that the variability has a
great an effect on the point
estimate, which showed approximately 10% differences betw st and reference products.
Therefore, the effect of variability on the differences seen avas‘eonsidered marginal. It was agreed that
the differences were unlikely to result from differences Qe sensitivities of the PK assay to Apo-
filgrastim and Neupogen. Whilst the explanation for t differences in the two studies has not been
definitively identified, it should be noted that for the majority of the PK output comparisons,
differences as regards the point estimates were s@er and not statistically significant. In an exercise
consisting of multiple comparisons of PK end pQints it is conceivable that for a few, significant or
somewhat larger differences may be demppstratéd, going against trends otherwise seen in the data.
Ultimately and importantly, the lack of si nt differences with regard to PD outcomes in the studies
in question provided significant reassu that for studies KWI-300-101 and GCSF-SUIN-05SB01-
3FA the noted PK differences were i to be indicative of clinically meaningful differences between

the test and reference products o @ ead to differences in PD response and clinical effect.

Process Il material tended to @je PK concentrations lower than Neupogen (particularly in study
KWI1-300-101). For process roduct (study GCSF-SUIN-05SB01-3FA) the values were statistically
significantly higher. Whil difficult to directly compare the products of the two processes using
these data, it seems pgssibleMthat they would not be bioequivalent to each other, creating concern that
the efficacy and in pastictlar, given the higher levels, safety data from trial KWI-300-104, cannot be
extrapolated to pr %II product. However, there are a number of uncertainties surrounding this
observation. Fg @najority of the PK readouts the differences between test-reference ratios for
process Il anQ roducts were modest. Also, the lowest ratios occurred in the 5mcg/kg intravenous
dose stu ‘k different method of administration and dose from the new GCSF-SUIN-05SB01-3FA

study. F , the comparisons discussed above were made across studies. This can be associated
with siGpi nt uncertainties with regard to data interpretation. Most importantly, PK evaluation of
pr f both processes showed the confidence intervals of the ratios of test and reference products

I fully within the agreed acceptance limits and in the end, the aforementioned differences could
simply reflect biological variability and not indicate true differences between materials. Lastly, it is
acknowledged that a reasonable Quality comparability exercise was undertaken by the Applicant. The
exercise sufficiently demonstrated that Apo-Filgrastim drug substance and drug product from the
clinical stages of process development and from the proposed commercial process were comparable
with one another and to the reference product, Neupogen. In addition, there were similar receptor
binding data presented in the non-clinical section of the dossier for the process Il and Il products,
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further supporting the comparability of the two products. Accordingly, given the positive PK/PD data
from study GCSF-SUIN-05SB01-3FA suggesting similarity of Grastofil (process |1l product) to
Neupogen and supportive data from the Quality and non-clinical comparability exercises, comparability
of process Il and process Il products could be accepted.

As regards any uncertainty in the parameters used to determine bioequivalence, data for the
parameters AUCg_54, AUCq.inf, Cuax for all 3 PK/PD studies showed the Cls for ratios to be coptainéd
within 80-125% limits regardless of analysis population (PP, ITT, sensitivity). Any concer, %
that in study KWI-300-101 AUCg_3, rather than AUCy_ s was primarily used for the conf] %Iity
exercise could be rested as there was shown to be <1% difference between the two AUC parameters,
with confidence intervals for the ratios of both falling within the standard acceptar@mits.

efore

The T4/, and clearance summary statistics did not suggest any important dif@ between the test
and reference products. There were some gaps however in the PK data pre ion. Most noticeable
was the lack of comparison of Cyax, AUCq., and AUCq_7, parameters for they/ dose in study KWI-
300-102. It was clarified by the Applicant that PK sampling for patient inistered this dose was not
undertaken in the study. This was noted in the study protocol. Time dep&hdency was evaluated with
the repeat dose study KWI-300-103, where similarity for the main &parameters was demonstrated at

only one dose level on study Days 1 and 4 and from 1 through 4

Given that the conditions of PK similarity have been met, in li h the Guideline on the Investigation
of Bioequivalence, the Applicant’s justifications of the smadll but statistically significant differences in PK
measures in studies KWI-300-101 and GCSF—SUIN—OSS@ A and assertions that these are unlikely
to result in significant differences in PD or clinical effe W

considered acceptable by the CHMP.

een Grastofil and Neupogen were

ANC Cyax Was selected as the primary pharma mic outcome measure for the three initial studies
in healthy subjects. For study GCSF-SUIN-05S -3FA AUC; was selected. In the CHMP biosimilar

guideline for recombinant G-CSF product&a}luation of comparability of ANC is mandated. However, a
specific parameter has not been recomn@ed. Whilst the use of ANC C,,.x as the parameter of choice
in the comparability exercise can be @)rted, it was expected that the relevant ANC AUC parameters

would also be presented. g
In the three initial PK/PD studimI as seen for the PK outcomes, the estimates for the PD outcomes
of the test product usually trgile ose of the reference product. For the majority of the presented
outcomes the differences ot statistically significant and the confidence intervals of the
differences between the m s were contained within the 80-125% limits set by the Applicant.

Notably, in study K \0—02, where lower Apo-filgrastim doses were administered, significant
differences for A and ANC AUC,.;», were seen between test and reference cohorts for the 75ug
dose. It has p \% been noted that PD differences between G-CSF products may be heightened in
comparabilit@ises involving low G-CSF doses.
.

The data preSented by the Applicant seemed to suggest that similarity between test and reference
products; regard to PD outcomes, had been demonstrated. However, the acceptance limits of 80-
12 %@i had not been fully justified and were considered too wide for demonstration of PD similarity

i is biosimilar application; and more so for a package where comparative clinical efficacy and
safety data from patients were not available. The Applicant was asked to re-present the PD data
across the 4 Apo-filgrastim PK/ PD studies using 95% confidence intervals, as is recommended for
evaluation of PD data for biosimilar applications, and tighter acceptance limits. +/- 10%, which was
acceptable, was discussed by the Applicant and it was agreed that such limits would be stringent
enough to ensure PD equivalence. As expected, the 95% confidence intervals of the ratios were
slightly wider than the corresponding 90% confidence intervals, with the majority straddling 100% but
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comfortably contained within the narrower 90-111% acceptance limits; a fact which strongly suggested
similarity of the PD data. However, for ANC Cmax and ANC AUCO-inf (where the effect of whole
curve is considered) of the 75ug dose in study KWI-300-102 and for the key PD data of multiple-dose
study KWI-300-103 (both 0-24 and 0-96 estimates), the lower bounds of the 95% confidence intervals
fell below 90%. Further, the Cls for ANC Cmax and ANC AUCO-inf of the 75ug dose fell entirelypgelow
100% (=87-97% and ~87-98%, respectively). 6

The Applicant argued that the excursions past the lower limit of the acceptance margins Qinimal
and that in both cases these were likely due to the lack of sufficient study power, as t %e stringent
limits were applied retrospectively and therefore not taken into consideration when cﬁjl ting the
study sample size. Analyses using coefficient of variation data from the study Wer@vided, showing
the larger sample sizes required to provide adequate power for the Cls to be i
stringent acceptance limits. For the study KWI-300-103 results, the variabil%

compounded by the inter-individual variability associated with the parallel g

ed within the more
sponse was further
design (and not

lower acceptance margin in the multiple-dose study. Again, some data study KWI-300-103 was
provided to support this assertion. However, it was not considered gzonclusively explain the apparent
lack of PD similarity in the Apo-filgrastim studies, as larger studi
been calculated based on narrower PD acceptance limits, have men conducted (particularly in a
repeated-dose setting). As discussed below, these PD data di automatically preclude the
demonstration of PD similarity. Reassuringly, despite the 3@3 ot being powered such that 95%
confidence intervals of the PD ratios would be containe hin narrow limits, for three of the five

associated with a cross-over study design), hence the larger and more fz t excursions past the

ere sample sizes would have

dosing regimens evaluated this was the case. For the Ining regimens (noted above), the
excursions past the lower bound of the narrower ﬁptance limit were small, as were the mean

differences seen between the PD outputs of the t nd reference products.

The Applicant argued that the PD differences s will not have relevant consequences in daily clinical
practice. The main justification was that i%elKWI—SOO—104 study the objective endpoint of DNS in
breast cancer was in line with the result§ expected for G-CSF treatments evidenced by data from
published literature. However, the data“Mac

and therefore, for the purposes of@ ercise, were of limited value. More persuasive was the
discussion of factors which rend small apparent differences in PD between Grastofil and
Neupogen irrelevant in cIinicl@ice; for instance, pharmacodynamic sequelae of increased

ed direct objective comparison to the reference product

neutrophil counts in the low age repeated-dose setting, the practice of dosing to response and the
safety of G-CSF over a br ange of doses.

The discussion above}\rticularly regarding the extent of the confidence interval excursions past the
lower bound of the @wer acceptance limit in a minority of dosing regimens and the robustness of
ratios in the other regimens, supported (in this case) the adoption of a more

ratios. Itisi ant to note that comparability of the physicochemical characteristics and functional

attribute e molecules (critical parts of the comparability exercise for filgrastims) had already been

evaluat m confirmed in the Quality and Non-clinical sections of the dossier, providing further

re s@e that PD differences seen between the test and reference products were unlikely to reflect
significant differences between the products.

the estimates ofﬁ
.
flexible appro K h regard to the recommended width of the acceptance limit for the Cls of PD
réo't

TheApplicant provided data on geometric means of the test and reference products along with the
corresponding ratios of the means and confidence intervals for Apo-Filgrastim, Neupogen and
Filgrastim Hexal, as was requested in order to justify that the 5 pg/Kg dose sits on the most sensitive
part of the dose-response curve. In addition, a revised dose-response plot was provided for the three
products.
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Regarding the plot, the rationales for plotting ANC AUCO-24 (AUECO0-24) rather than 0-72, and for
omitting the single dose 1V data were provided. Whilst the choice of PD parameter to present had to
suffice, due to limitations resulting from the limited amount of data from the development programme,
it should be noted that AUEC0-24 data only relates to approximately 50% of the ANC vs time curve in
the single-dose model. Therefore, it is unclear whether the shape of the Apo-Ffilgrastim dose régsponse
curve would have been noticeably altered if the total ANC response (e.g. AUECO-inf or 0-72) v@
plotted and if data from a single subcutaneous dose 5ug/kg study had been available. Som t
reassuringly, data from the Neupogen arms in the Grastofil dossier and from multipled ilgrastim
Hexal studies were plotted, with the gradients (and shape) of their dose-response curye

approximating those of Apo-filgrastim. Overall, the plots seemed to suggest that &Ag/kg dose sits
on as steep a part of the dose-response curve as the 1ug/kg dose. Further, ther \Qno clear
suggestion that the dose-response plateaued at 5ug/kg. These conclusions w supported by the
dose-response plot for Filgrastim-Hexal which mirrored that for Apo-filgrastj was based on
robust data.

The Applicant also outlined analyses from study KWI-300-103 which ap ed to demonstrate that the
difference observed between Apo-Filgrastim and Neupogen following the administration of a single
dose (i.e. AUCy_,4) Was essentially the same as the difference ob after the administration of
multiple doses (i.e. 4 daily doses) of filgrastim (AUCq.q6); appr. mely 3.6% and 4.4% respectively.
The same effect was seen for C,5x. Previous comments regar%uitability of using the AUEC,_,,4 for
these analyses notwithstanding, the data from the study @d to suggest that the AUEC,_»4
parameter may be at least equally sensitive at detectin rences in PD between the test and
reference products as the AUEC, g parameter from a&le-dose study. This was supported by a

sier.

plausible and well-reasoned pharmacodynamic ratignale regarding receptor activation, ANC response
and receptor mediated uptake of G-CSF within th@

Given the above, it could be concluded that thetsingle-dose studies in healthy volunteers evaluating
the 4 pg/Kg and 2 ug/Kg doses were equ sensitive as the 1 ug/Kg single-dose and 5 ug/Kg
multiple-dose studies in detecting PD digr?—\ces between test and reference products. Therefore, the
significance of excursions of the PD r% s

overstated.

past narrow limits in the latter studies should not be

The evaluation of CD34+ respo@ Apo-filgrastim and Neupogen was inadequate. The Day 5
outcomes in study KWI-300- ere presented without statistical comparison. In addition, sampling
in that study was sparse. ore, robust comparison of test and reference for this outcome did not
occur. In addition, no furthmparative CD34+ data were available from the development

programme. It is agreed, that the available data for CD34+ from studies KWI-300-103 and KWI-300-

104 demonstrated sponse to Apo-Filgrastim with regard to CD34+ mobilisation and that the

response to Apo- stim and Neupogen appeared close. However, the robust data from statistical
.

evaluation of rability of response, as would normally be expected for a key secondary PD

outcome measurg within a biosimilar package, could not be provided. Lack of robust data on CD34+
comparability\nwas considered a significant deficiency in the PD similarity exercise. However, PD
similari rongly supported by pivotal ANC AUC (AUEC) and ANC C,,,x data from a number of
discussed above). Furthermore, the available CD34+ data, whilst not assessed by formal

to determine similarity, were considered to be in keeping with a similarity conclusion based on
NC endpoints. Therefore, based on current knowledge of G-CSF, biosimilar filgrastims and G-CSF
analogue activity at the G-CSF receptor, given that test-to-reference comparability has been
determined in quality, non-clinical and clinical comparability exercises, the CHMP did not expect CD34+
response to Grastofil and Neupogen to differ in a clinically significant manner in healthy individuals and
patients.
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2.4.5. Conclusions on clinical pharmacology

Overall, the differences seen between the PD outputs of the products were quite small. Also the
evidence suggested that doses 1-5ug/kg sit on the steep and linear part of the dose response curve
and that the single-dose studies were equally sensitive as the multiple-dose study (based on ain
the dossier) in detecting PD differences between the test and reference products. Given the a the
supporting points outlined by the Applicant and the overall PD data, it may be concluded t

similarity has been demonstrated between Grastofil and Neupogen and that the differsm@ en in the
multiple-dose study were unlikely to have consequences in clinical practice. {\

2.5. Clinical efficacy O
2.5.1. Dose response studies &\/Q
No dose-response studies in the target population were submitted. 20

2.5.2. Main study {

KWI1-300-104 @

A non comparative, multicentre, repeat dose safety in use @Neukine (Filgrastim) in patients
receiving chemotherapy known to induce neutropenia

Methods \O

Study Participants O
Inclusion Criteria Q

e Patients had to fulfil all of the foIIow@eria for inclusion in the study:

e Female, 218 of age, suitable ;E@wded to undergo adjuvant TAC chemotherapy

e Body weight of subject must hin 40 and 120 kg

e Subjects are within 60 d@er the complete surgical resection of the primary breast tumour:
either lumpectomy or ctomy with sentinel lymph node biopsy or axillary dissection, with clear
margins for both inanand DCIS

\A, 11B or Il1A breast cancer,

e Subjects with st;@
e Subjects mu an ECOG performance status < 2

*

e Subjects @re chemotherapy naive

S
e Subj ust have an ANC >1.5 x 10%/I; platelet count =100 x 10%1

. Sm ust have an adequate renal (serum creatinine <1.5 x upper limit) and hepatic function
in < upper limit of normal, transaminases <1.5 x upper limit and ALP within 1.5 x ULN)

. as no evidence of metastatic disease outside of breast by physical examination and chest x-ray.
e Has had baseline bilateral mammography
Exclusion Criteria

e Any of the following was regarded as a criterion for exclusion from the study:
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e Has any evidence of metastatic disease following surgical resection of the primary tumour
including: positive surgical margins, staging work-up, or physical examination suspicious for
malignant disease

e Has bilateral breast cancer (concomitant or prior)
e Has had neoadjuvant chemotherapy for this breast cancer b

e Has ever had a myocardial infarction or has a history of heart failure, uncontrolled ar%is, evere

uncontrolled arrhythmias, pericardial disease, or electrocardiographic evidence of chemic
changes,

e Is receiving concurrent immunotherapy, hormonal therapy (e.g. tamoxifen, go I hormone
replacement therapy, Herceptin (trastuzumab)), or radiation therapy %

e Is receiving concurrent investigational therapy or has received such tf@ within the past 30
calendar days, @

e Has peripheral neuropathy >Grade 1

e Has a serious uncontrolled intercurrent medical or psychiatri@%s, including serious viral

(including clinically defined AIDS), bacterial or fungal infeckiofsOr history of uncontrolled seizures,
or diabetes, or CNS disorders deemed by the investigator clinically significant, precluding

informed consent Q

e Is receiving antibiotic treatment 3 days within c@rapy administration.
Treatments O

Repeated doses of Neukine (Apo-Filgrastim) SQQ/day rounded by the nearest prefilled syringe size
were administered subcutaneously (s.c.) daily injection_Correspondingly, study patients received
300 ug (if body weight 40-75 kg) or 48069} body weight 76-120 kg) Neukine daily.

Treatment with Neukine began on da@f every chemotherapy cycle (at least 24 hours after
chemotherapy) and was continue t0 14 days or until post-nadir ANC recovery to normal or near-
normal values by laboratory st , whichever occurred first.

After day 10, blood samplin ay have been continued daily until a documented ANC of up to 10.0 x
10°%/L after the expected r for up to a maximum of 14 days, whichever occurred first if clinically
indicated. Neukine was ad istered daily for a maximum up to study cycle Day 15, but must have
been stopped if pati xad an ANC > 10 x 10°%/L.

Dose Reduction fk ation
.

Chemotherap & reduction by 25% was permitted, as per the Protocol, if subjects experienced
grade 3/4 c;lmatopoietic toxicities, two grade 3/4 infectious episodes, or grade 4
thromboé&nia.
Disco@ation of treatment was to be considered for patients in whom non-hematologic grade 4 toxic
eff eveloped or persisted according to the National Cancer Institute-Common Toxicity Criteria

-CTC), or grade 3 toxic effects occurred despite a dose reduction, or a clinically significant cardiac
event developed.

Premedication for Chemotherapy

Dexamethasone (six doses of 8 mg p.o. BID, starting the day before chemotherapy and ending the
evening of the day after chemotherapy) were administered in order to prevent docetaxel-related
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hypersensitivity and fluid retention. Ondansetron was administered according to the manufacturer’s
prescribing information.

Concomitant Therapy

Chemotherapy b

. Docetaxel 75 mg/m? i.v. day 1, @
. Doxorubicin 50 mg/m? i.v. day 1, . %
- Cyclophosphamide 500 mg/m? i.v. day 1, every 3 weeks for six cycles. {\

surface area (BSA) (m?) = [Ht(cm) * Wt(kg) / 3600 ]** Upon consultation wit udy medical

Dose of antineoplastic agents was calculated according to Mosteller equation in if@tocol: body
monitor, investigators were allowed to deviate from the equation limiting t to the equivalent of

2 m?, if this was local site practice. Any intent of dose reduction or deviati m the administration
schedule was reported to Medical Monitor before the implementation of@ation.

Other Concomitant Treatment

Any treatment considered necessary for the patient's welfare co glven at the discretion of the
investigator.

Primary prophylactic antibiotic therapy was not allowed indine the recommendations of NCCN,
Practice Guidelines in Oncology, Myeloid growth factors 008. Secondary antibiotic prophylaxis
was allowed upon development of episode of FN andN ented in accordance with the
recommendations of NCCN Clinical Practice Guidelines in Oncology: NCCN Clinical Practice Guidelines in
Oncology, V.l1. 2008. 6

If the administration of a non-permitted conco%t medication became necessary, participation to
the study was discontinued prematurely i is patient. Use of other concurrent hematopoietic growth
factors was not allowed.

Objectives to

Primary objective:

= To evaluate the sa f Neukine (Apo-Filgrastim) used for the reduction in duration of
neutropenia in br ancer patients undergoing chemotherapy

Outcomes/enc@its
Primary efﬁm\endpomt

f severe neutropenia in cycle 1. Severe neutropenia was defined as occurrence of
low 0.5 x 10%/L).

Prim ety endpoint

Subject incidence of adverse events (AEs) (all severe and serious) classified by body system,
preferred term (PT), frequency, and relationship to investigational product. Vital signs, the
presence of antibodies and clinical laboratory results were also monitored.

Secondary endpoints
e The duration of severe neutropenia in consecutive cycles (2 through 6);

« The frequency of grade 3 and 4 severe neutropenia (ANC below 1.0 x 10%/1 and 0.5 x 10°/1);
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= The depth of ANC nadir in cycle 1;

e The time to the post nadir ANC recovery (ANC >1,5 X 10°) in cycle 1;

= The rates of febrile neutropenia (FN) by cycle and across the cycles;

= The definition of FN used for the purpose of the Protocol was an observed or imputed @
e <0.5x 10%L and concurrent oral equivalent temperature >38.2°C; @

= The ANC-time profile in cycle 1 (Time from the beginning of chemotherapy to't :9

e occurrence of ANC nadir);
e The frequency of a nadir of less than 0.5 x 10%/I and less than 1.0 x 1%@;
= The frequency of (culture-confirmed) infections; S}

= The incidence of i.v. antibiotic therapy and hospitalization;

e The mobilization of CD34+ cells (in selected sites only). { c
Sample size @
A cohort of 100 eligible patients was expected to provide 95% inty of detecting one report of a
specific AE when there is a 3-4% probability that it occurs™As there was no active comparator in this
study, Neukine's spectrum of AEs was compared to the ts historically documented for Neupogen in
its Summary of Product Characteristics. One hundred lents was considered adequate to detect
whether these common effects occur to a similar mnt and to detect any other AEs occurring with a
frequency of more than 3%. Based on previou ations (Green et al. 2003) dropout rate of less
than 20% was expected. é

Randomisation (’5/
Not applicable 0
Blinding (masking) Ob

The study was open-label. {
Statistical methwQ
Analysis of Efficac;@

The efficacy a‘& was purely descriptive and exploratory and based upon descriptive summary

statistics. J’héycacy analysis was performed for FAS and PP subsets.

The mai ' acy endpoint was the duration of severe neutropenia (defined as occurrence of ANC
below 10°%/L) in cycle 1. Duration was presented by means of summary statistics. Frequency

as created to summarise the incidences of severe neutropenia by day of onset, and the number
tients experiencing severe neutropenia for 0, 1, 2, 3, 4, 5 etc days.

Analysis of Safety

Extent of Exposure

The number of days until ANC recovery is calculated from the day of TAC administration (Day 1) till
date of ANC recovery which is determined according to decision of investigator.
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Adverse Events

All AEs (as well as medical history terms) were coded centrally using MedDRA Version 10.0.
Summaries and analysis were based on the treatment-emergent AEs (referred to AEs in this
document), which are defined as AEs occurring on or after the day of the first study drug
administration, or AE present before this day and ongoing after administration with increased ity.

Clinical Laboratory Evaluation @

The number of patients who had values outside normal values and by listing values c&@ed
clinically relevant by the investigator were presented. {

Immunogenicity O

Any patient who did not have antibodies at screening, but showed at least og itive sample during

the study (which is not a singular positive sample followed by negative sam was presented as

“positive” in data tables. This definition applies to both binding and neu%' g.

Results {
Participant flow : @

Assessed for

Excluded (n=33)
Not meeting Inclusion
criteria

Y

Eligibility
(n=153)

Enrolment

Allocated to i&vention(n=120)

Receive ogated intervention
for 20 Weeks (n=113)

eﬂl allocated intervention
eeks (n=109)

not receive Allocated
tervention (n=11)

Allocation

/\

A 4

Analysed (n=120.)
Safety Analysis Subset

Ve,

Analysed (n=120)
Full Analysis Subset

Analysis

Analysed (n=110)

Per Protoenl Sitheet

&

o,

%
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Overall, 113 patients (94.17%) completed the treatment period and 109 (90.83%) completed the
Safety Follow-up period. 11 patients (9.17%) prematurely discontinued the study. The most common
reason for study discontinuation was patient’s withdrawal of consent and Sponsor’s decision. 5 patients
(4.16%) discontinued due to withdrawal of consent. Three patients (2.50%) were discontinue the
Sponsor due to serious protocol deviation. Three patients (2.50%) discontinued due to AEs: %st 2
events were reported as SAEs and led to fatal outcomes due to metastases and disease prc@sion.
The third was due to a non-serious AE of duodenal ulcer. None of these events were con§ig@red related

to the study drug {\

Recruitment

The study (period from 19 September 2009 to 12 May 2010 (date of data ¢ was conducted at
29 study sites in Austria, Bulgaria, Byelorussia, Hungary, Macedonia, Poland,"\Romania, Russia, Serbia

and Ukraine. @

Conduct of the study (

There was one amendment of the study protocol (data not sh Q
Baseline data Q t

One hundred and twenty female Caucasian patients K rolled.

Table 46: Baseline History _Q

(¥=120)
Age. years. mean (SD) 4997 (9.52)

Prior chemotherapy. n (%) é 0

22 (18.33)
Disease stage at entry @

Stage Ila 39 (32.50%)
Stage ITb Q 44 (36.67%)
Stage I1la @\ 37 (30.83%)

Table 47: Bod@ht, Height, Calculated BMI and BSA at Screening

Prior radiotherapy, n (%)

0(} Body weigh Body height  Calculated BMI
i\ ady weight ady height alculated B! BSA [m"2]

[ke] [cm] [kg/m”"2]

N 120 120 120 120

Mean 71.08 163.37 26.66 1.79

StdDev 13.46 6.31 498 0.18

SCREENING

Min 46.00 147.00 17.43 1.42

Median 71.00 164.00 27.01 1.80

Max 119.80 178.00 40.90 2.40
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Numbers analysed

Subsets Analysed

Safety analysis subset (SAS)- all enrolled patients who have received at least one dose of active

treatment (n=120). b

Full analysis subset (FAS)- all enrolled patients who have received at least one dose of acti@
treatment and who provide any follow-up data for the primary target variables (n:129) %

Per protocol subset (PP) - included patients without major protocol deviations or prer@e
termination of the treatment due to reasons that were definitely not related to stu@ dication

(n=110). Q
Outcomes and estimation S}

Main Efficacy Variable

Table 48: Duration and Incidence of Severe Neutropenia in Cycle 1
7>

300-104 (n=120)
Duration of severe neutropenia in cycle 1 Q 1.40(1.07)

mean (5D) days
Incidence of severe neutropema 1 cycle 1 \O 93 (77.50)

Percentage of total

In the PP analysis subset, the duration was ev, wer with mean (SD) duration of 1.27 (0.95) days.
Shorter duration in the PP subset is due to remowal of patients with deviations from the study drug
administration regimen who were excluda&gm the FAS.

Subgroup analysis indicated that theren tatistically significant positive correlation between the

duration of severe neutropenia anthde of nadir in cycle 1 and earlier day of onset of severe
neutropenia. Patients with Neukine of 4.5 — 5.2 ug/kg/day had a statistically significant shorter
duration of severe neutropenia@n patients with either higher or lower Neukine dose. On the other
hand there was no correlatile patient age, weight, pre-filled syringe size or dose of

chemotherapy. Q
Secondary Efficacy\iiab S
Duration of Sever@ﬂropenia in Consecutive Cycles (2 - 6)

Blood samplin@\ches 2-6 was performed at cycle day 9. As severe neutropenia most often occurred
, thé neutropenia had most probably recovered in the majority of patients by the time of

blood samp t day 9. Indeed, severe neutropenia was detected in only 4 out of 114 (3.51%), 8 out

of 114 ( @ %), 5 out of 114 (4.38%), 9 out of 113 (7.96%) and 12 out of 113 (10.62%) patients in

cycle@, 4, 5 and 6 respectively.

N

on cycle dgy
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Table 49: Duration of Severe Neutropenia in Cycles 2-6

Cycle Duration of severe neutropenia [days] n (%)
2 n 114 100.00
0 110 96.49 b
1 4 351
2 D_O%Q
3 ‘N
3 n 114 00
0 106 298
1 g & 7.02
2 0 0.00
3 @ 0.00
4 n 1 100.00
0 é 9561
1 2.63
2 Q 2 1.75
3 Q 0.00
5 n \O 113 100.00
0 104 92.04
1 O 2 7.08
2 Q 0.00
@ 1 088
6 n(/ 113 100.00
@ 101 §9.38
bl 10 885
O 2 2 1.77
3 0.00

Frequency of Gra@:md 4 Severe Neutropenia (ANC below 1.0x10°/1 and 0.5x10°/1)

Grade 3 neutrbx’ occurred in 106 (88.33%), while severe (grade 4) neutropenia occurred in 93
n

(77.50%) .pa e

in cycle 1. Frequency was apparently lower in subsequent cycles, but this is at least

partly due er frequency of blood sampling and the scheduled sampling time point on day 9 of the

chemoth @ cycles.

%Q/
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Table 50: Frequency of Grade 3 and 4 Neutropenia

Cycle Statistics n (%)

1 n 120 100.00

Grade 3 Neutropenia

Grade 4 Neutropenia
2 n

Grade 3 Neutropenia

Grade 4 Neutropenia
3 n

Grade 3 Neutropenia

Grade 4 Neutropenia
4 n

Grade 3 Neutropenia

Grade 4 Neutropenia
2 n

Grade 3 Neutropenia

Grade 4 Neutropenia
6 n

Grade 3 Neutropenia

Grade 4 Neutropenia

The Depth of ANC Nadir in Cycle 199
Mean ANC nadir of 0.37 x 10%/1 w. rded on mean (SD) day 7.20 (0.64).

Table 51: Peak, Depth of Na@nd Recovery of ANC in Cycle 1

Day on whi-:lQﬁ Peak ANC Day on which the Depth of Day on which

peak ANC va value depth of ANC nadir ANC nadir recovery of ANC
was reacw [x10°/L) was reached” [x10°/L] was reached®,**
N @‘ 120 120 120 117
NMiss . Qﬂ 0 ] 0 3
Mean (} 298 2237 720 037 911
Stheb\ 0.47 732 0.64 0.51 132
Std.@ 0.04 0.67 0.06 0.05 0.12
% 0.00 419 5.00 0.00 6.00
dian 3.00 2236 7.00 0.20 9.00
Max 5.00 41.80 9.00 343 18.00

* Dav relative to TAC admimistration, ** Recovery defined as post nadir ANC value =1.5 x10°/L
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Time to Post-nadir ANC Recovery (ANC =>1.5 X 10°) in Cycle 1

Time to ANC Recovery was defined as the number of days until post nadir ANC value > 1.5 x 10%/I,
relative to chemotherapy administration. Recovery occurred after a median of 9 and mean (SD) 9.11
(1.32) days.

Rates of Febrile Neutropenia by Cycle and Across the Cycles b

Three study patients experienced FN, all 3 cases being in cycle 1. The rate of FN was 2.5 ongcle 1
and 0% for all other cycles. Notably, patient 1 was removed from the PP subset due to protocol
deviation of discontinuation of Neukine administration pre-nadir and dosing with marketed formulation
of filgrastim. This patient received only 2 doses of Neukine before developing FN. @ient received 10

doses while another received 8 doses of Neukine in cycle 1. Q

The ANC-time Profile in Cycle 1

Severe neutropenia occurred most frequently on day 7 of cycle 1, with Qof onset ranging from
day 5 to day 9.

Table 52: Incidence of Severe Neutropenia in Cycle 1 by thre)ﬁqy of Onset

Statistics Q‘f’ n (%)
All patients Q 120 100.00

Patients experiencing severe neutropema O 93 77.50
Day of Onset \ 5 3 250
O 6 11 9.17

Q 7 71 59.17

& 8 7 583

(J 9 1 083

Duration of severe neutropemia 0 0 27 22.50
b 1 39 32.50

O 2 38 31.67

{ 3 12 10.00

Q 4 3 2.50

m\ 3 1 0.83

\¥4
RS
Absolute rbeu@yﬁl count peaked at day 3 with a mean (SD) count of 22.73 (7.18) and maximum of
41.80 x 10/

<
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Figure 13: Absolute Neutrophil Count Time Profile in Cycle 1 (Mean +/- ISD)
Mean

ANC [1D78 /1]
47
40.
28

Other secondary efficacy variables

O

Frequency of (Culture-confirmed tions

One patient had culture confi nfections in cycle 1. Three concomitantly occurring infections were
culture confirmed: cough, titis and rhinitis. In another patient with FN before initiation of i.v.
antibiotics a blood culture It was positive for coagulase-negative Staphylococcus spp. This was

taken as sign of contamjination and not as bacteraemia, given the general health status of the patient
(feeling well, febril out signs/symptoms of infection).

Intravenous Ant@ Therapy and Hospitalisation

N

Intravenoys dntibiotics were used in 4 (3.33%) of patients. Febrile neutropenia was the indication for 2
cases. AT&nts were hospitalized and events reported as SAEs.

<
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Table 53: Intravenous Antibiotic Therapy

ATC4 Term  Drug PT Suhject Dase Unit Freguency Start date Stop date Indication
Penicillins with Piperacillin 0617 45 G TID I5MAY 29MAY  Empincal therapy of
extended witazobactam 2009 2009 febrile neutrdgenia
spectrun

JoiCA @
Comb of Amoxicillin 1501 12 G TID 23NOV  28NOV Febrﬂ@ openia
penicillins, mncl. wiclavulanate 2008 2008 .\
Beta-lactamase potassium {

mhib.. JOICR 9

Second- Cefuroxime 1302 750 Mg BID 2TNOV 01D ukopenia
generation 2008 20 neutropema
cephalosporin,

J01DC 0

Thard- Ceftriaxone 1204 2 G oD 13JAN JAN Subfebrility
generation 200 2009

cephalosporin, @

Jo1DD A

Hospitalisation during treatment and follow-up periods wa@egary in 8 cases for 7 (5.83%) of

patients. O

Mobilisation of CD34+ Cells O
CD34+ cell counts were performed at selecte(@ and for a total of 39 randomly selected patients.

Three samples were taken from patients i le 1. Broad interindividual variation in the capacity of
patients to mobilize progenitor cells wastpoted, a finding that is in line with literature reports.

Ob\}
g

R

&

N
&

%Q/
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Table 54: CD34 + [10 6/1] Cell Count

CYCLE 1 DAY 0 N 39
NMiss &1
Mean 457 b
StdDev 333 @
Min 084 o %
Median 3.00 {\
Max 14.00 O
CYCLE 1 DAY 7 N ;(\IQ
NMiss &
Mean /b 4.49
StdDev 28.82
Min é 0.48
Median Q 3.00
Max Q 127.45
CYCLE 1 DAY 9 N O 34
N'Miss\ 85
M@ 110.67
@)E‘V 101.18
&Min 7.00
(/ Median 63.00
S Max 375.74
\J
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Figure 14: Mean CD34+ Compared with Mean ANC values Population: Full Analysis Subset

Mean
ENC [1078/1] Co34+ [1
47 o4
40
381
36

iy ..
5 Q
sl O

20+

161 0
16 /

14 1
124
101

T
16 17 18 19

Eastern Cooperative Oncology Group (E &tatus

At screening, 100 patients had ECOG sCare 0, 19 patients had score 1 and 1 patient had score 2.
Overall improvement was noted b d of the study (week 48) with the number of patients at
score O increasing to 106, the n of patients at score 1 decreasing to 3 and no patients having
score above 1. It is noted thl oes not account for patient who dropped out of the study for

whom ECOG status was not essed.

Transfusions Used to Treathmbocytopenia and Anaemia

Transfusion of eryth s and blood were required in one patient on 3 occasions. This patient started
the study with de d erythrocyte count of 3.53x 10?/l. She received the first transfusion while in
chemotherapy» @3, 5 and 6. Severe anaemia, not related to Neukine was recorded as the

indication forgthe %ransfusions. No transfusions of thrombocytes were required.
.

Chemoth Dose Delivered

Chem@ py dose reduction was required in 4 (3.33%) patients, so that 13 out of 688 (1.88%)
ch rapy cycles were delivered at a 25% reduced dose. Two of the patients had dose reduced due
emotherapy related fatigue while the others due to low ANC, which in one case resulted in FN.

Chemotherapy Cycle Delay

Dose delay was considered as any dose which was more than 23 days after the previous. Sixteen out
of 688 (2.3%) cycles were delayed, mostly due to technical and patient personal reasons. The only AEs
which may be related to chemotherapy and insufficient ANC recovery are the skin inflammation in one
patient and low ANC in another.
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Comparison to the Reference Product

The prescribing information (P1) for the reference product Neupogen states that in the phase 3,
randomised, double-blind, placebo-controlled study conducted in patients with small cell lung cancer (n
= 99) patients were randomised to receive NEUPOGEN (n = 99) starting on day 4, after receiving
standard dose chemotherapy with cyclophosphamide, doxorubicin, and etoposide. For patient
receiving Neupogen the incidence of at least one infection over all cycles of chemotherapy %
(40/99), the incidence of hospitalization was 52% (51/99), the incidence of i.v antibiotic \@in cycle
1 was 38% (38/99) and the incidence of severe neutropenia in cycle 1 was 84% (83/9 %

cycles, patients had a 57% (286/500 cycles) rate of severe neutropenia. The median %ion of
severe neutropenia in cycle 1 was 2 days (range O to 9 days) and the mean durati f neutropenia in

er all

cycle 1 was 2.44 +/- 1.90 days. Over all cycles, the median duration of neutr was 1 day. The
median severity of neutropenia (as measured by ANC nadir) was 72/mm?3 (rgﬁn /mm? to 7912/mm?3)

in cycle 1. The mean severity of neutropenia in cycle 1 was 496/mm3 +/- 1 m3. Over all cycles,

(median age 54, range 16 to 89 years) were treated for de novo ac myeloid leukaemia. Following a

the ANC nadir was 403/mm?.

In a randomised, double-blind, placebo-controlled, multi-centre, phiﬁmical study, 521 patients
standard induction chemotherapy regimen comprising daunorubi€if, Jcytosine arabinoside, and
etoposidel5 (DAV 3+7+5), patients received either Neupoge Hug/kg/day or placebo, s.c., from 24
hours after the last dose of chemotherapy until neutrophil Ve (ANC 1000/mm? for 3 consecutive
days or 10,000/mm? for 1 day) or for a maximum of 35 In the Neupogen-treated group, the
median time from initiation of chemotherapy to ANC y (ANC = 500/mm?®) was 20 days, the
median duration of fever was reduced by 1.5 days ([&.009), and there were statistically significant
reductions in the durations of i.v. antibiotic use a@spitalisation. During consolidation therapy (DAV
2+5+5), patients treated with Neupogen also enced significant reductions in the incidence of
severe neutropenia, time to neutrophil recoveﬁe incidence and duration of fever, and the durations
of i.v. antibiotic use and hospitalization. Iﬁ'{:gts treated with a further course of standard (DAV
2+5+5) or high-dose cytosine arabinoside cpnsolidation also experienced significant reductions in the

duration of neutropenia. 0

The efficacy endpoint outcome rkedly better than in the studies described in the Neupogen

s al
Prescribing information (PI). Hm
not allow meaningful comparjisone

, the differences in indications and chemotherapy regimens do

Study by Nabholz et al rern metastatic breast cancer patients receiving TAC chemotherapy
regimen, but without4qgrophyfactic G-CSF. All patients in that study experienced grade 3 or 4
neutropenia. Neutro X

in 95% of chemother cycle.

was observed in 98% of cycles and grade 3 or 4 neutropenia was observed

Studies by Gr.& al and Holmes et al evaluating Neupogen versus pedfilgrastim were selected as the
reference stuéejdue to the similarity in study treatments and endpoints. However, they enrolled
patients Nere overall older, with a more advanced disease but who received a chemotherapy
regimenﬁh is not as myelotoxic. KWI-300-104 study chemotherapy regimen additionally included
cy o;@)hamide - a chemotherapy component with high myelotoxicity score. Strong predictors of
febrile neutropenia include advanced age, performance status, myelosuppressive chemotherapy
regimen, early low blood counts, the depth of the absolute neutrophil count (ANC) nadir, and a
precipitous, early drop in blood counts of all hematopoietic cell types. Aggressive chemotherapy

regimen has been identified as the major predictor of FN [odds ratio 5.2 (3.2-8.4)].

Efficacy outcomes are very similar to the reference studies by Green et a'” and Holmes et al. These
studies were performed in the same indication and with similar filgrastim dosing regimen, albeit
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somewhat different chemotherapy. However, baseline characteristics and differences in Protocol
procedures do not allow direct comparison.

Subgroup Analysis

For all interactions, group means of duration of severe neutropenia (cycle 1) were computed a
presented.

According to the inferential analysis, there was no statistically significant difference amo &tion of
severe neutropenia in the different age groups, no significant impact of weight on the“ %}
severe neutropenia (p=0.19) and TAC dose/BSA and absolute Neukine dose have no htically

significant impact on duration of severe neutropenia. However, depth of nadir, do@r body weight

and onset day has statistically significant effect on the DSN, as expected. Q

Ancillary analyses 0

No ancillary analyses were submitted

<

The following tables summarise the efficacy results from the study supporting the present
application. These summaries should be read in conjunctio
well as the benefit risk assessment (see later sections).

n of

Summary of main study
e discussion on clinical efficacy as

Table 55. Summary of Efficacy for trial KWI—300—10N

Title: A non comparative, multicenter, repeat dafety in use study of Neukine (Filgrastim) in
patients receiving chemotherapy known to in eutropenia

Study identifier 2007-005034-3% d

Design Phase 111, opengla el, non-comparative, multicenter, repeat dose safety
study 0
Duration Heening phase: | Up to 21 days
Durati active treatment | 18 weeks,6 cycles, each cycle 3 weeks apart
phasé:
D ign of follow-up phase: | 30 weeks

Hypothesis Q

&
Treatments groups \Qleukine (Apo-Filgrastim) 5 micrograms/kg/day, s.c. injection, 120
patients)
N
Endpoints ang \\ Primary No label incidence of adverse events (AEs) (all severe
definitions \ Safety and serious) classified by body system,
* (J Endpoint preferred term (PT), frequency, and
\ relationship to investigational product
Primary No label duration of severe neutropenia in cycle 1.
Efficacy Severe neutropenia is defined as occurrence
@ Enpoint of ANC below 0.5 x 109/L).

abase lock 12 May 2012

Results and Analysis

Analysis description | Primary Analysis
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Analysis population Full analysis subset (FAS) (n=120)
and time point
description

Descriptive statistics Treatment group | Neukine
and estimate

variability Number of 120
subject b
Mean duration of | 1.40 days
severe @
neutropenia in . %

cycle 1 (\
SD 1.70 days O‘

Incidence of 93 patients Q
severe
neutropenia in
cycle 1 @
% total of 77.50%
patients {
7>
Treatment 1216 events

Emergent AEs Q
% not related to 79.28% .\ ¢
treatment P

Notes The most frequently repor \é was bone pain, which was reported 267
times by 80 (66.67%) piients. It was most frequently described as mild in

105 (39.33%), moder in 99 (37.08%) and severe in 63 (23.60%)
cases.

Nine patients ed 10 serious adverse events (SAEs). All 10 SAEs

(described b vent terms) reported during the treatment and follow-up
periods eé-lsidered unrelated to Neukine.
Two ients (1.67%) died during the follow-up period due to metastasis
an@se progression. There were 99 severe AEs, 42 of which were
ered not related, 5 possibly, 30 probably and 22 definitely related to

ine. Among the 57 severe AEs considered possibly, probably and
\~definitely related, there were 56 bone pain reports and 1 ISR. In addition,
there was one life-threatening AE (not related).

Analysis de§®n Secondary efficacy endpoints
y

cycles. The mean ANC nadir of 0.37 x 109/l was recorded on mean (SD)
day 7.20 (0.64). Post-nadir ANC >1.5 x 109/I, relative to chemotherapy
administration, occurred after a median of 9 and mean (SD) 9.11 (1.32)
days. Hospitalization during treatment and follow-up periods was necessary
for 7 (5.83%), while i.v. antibiotic therapy was administered to 4 (3.33%)
patients. Mobilization of CD34+ cells was demonstrated by rise to mean
(SD) 110.67(101.18) x 106/1 at cycle 1 day 9, over 4.57 (3.33) x 106/l at
cycle 1 day 1. Duration of neutropenia in consecutive cycles (2-6) could not
be measured reliably due to lower frequency of blood sampling.

-
.
2 \ FN occurred in 3 (2.5%) patients in cycle 1 and did not occur in subsequent
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Analysis performed across trials (pooled analyses and meta-analysis)

Table 56: Studies KWI1-300-101, KWI1-300-102, KWI-300-103 and GCSF-SUIN-05SB0O1-
3FA. ANC Cmax following intravenous or subcutaneous single or repeat dose administration
of Apo-Filgrastim or Neupogen to Healthy Male and Female volunteers.

ko2

ANC Cpnax [G/L] ;
m Ratio of 90% ClI 95% Cl o ‘%

Study Geometric o %] \\ > [t]

Apo- Neupogen | Means [%0] %] ° {

Filgrastim n
KWI-300-101 Nl
5pg/kg b.w. 19.02 19.28 99.5 93.6-105.8 S97.1 0.8972
p X
KWI1-300-102 1 19 54 19.59 96.3 91.9-101.0 .0-101.9 0.1874
150ug s.c.
KWI-300-102 | 2 3 18.60 92.0 87.1-97.1 0.0035
75ug s.c.
KWI-300-103
5ug/kg b.w. 21.04 21.96 96.2 87.6-105.6 0.4081
s.c. Day 1 (
KWI-300-103 C) -
5pg/kg b.w. 30.54 32.27 95.2 \ 87.3-103.9 10‘5 61 0.3493
s.c. Day 4 Pl '
GCSF-SUIN- \J
O5SBOL3FA 1 2068 19.92 fQ 99-108 | 98-109 0.1793
300 g s.c.

Vi

Table 57: Studies KWI-300-
intravenous or subcutaneous
Neupogen to Healthy Male aé ale volunteers

O

1-300-102 and KWI-300-103. ANC AUC following
e or repeat dose administration of Apo-Filgrastim or

ys
C AUC [min*G/L i
IO T wis i E I et A PR P
y Parameter (\po- EU- [%0] [%0] r>11
: : Means [%6]
Filgrastim | Neupogen
KWI-300-101 | , ({
5ug/kg b.w. 46137.4 46601.5 99.1 95.5-102.9 | 94.8-103.7 | 0.6939
iv. 4 72
KWI-300-102<}IC
150 g s. * UCy.s 43209.3 43979.6 97.7 93.8-101.8 93.0-102.6 0.3240
KWI-30 ANC
75 ug ‘a. 9 AUCors 35076.8 37009.8 94.9 91.7-98.3 91.1-99.0 0.0162
03 | ANC
22974.9 23873.8 96.4 89.6-103.7 88.3-105.2 0.4027
AUC.24
GCSF-SUIN- ANC
05SB01-3FA c 57847.8 57127.8 103 100-106 99 - 107 0.1418
300 ug s.c. AUCo.
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In all head-to-head comparisons made, the 90% and 95% confidence interval for ANC Cmax included
the 100% value except after s.c. administration of 75ug Apo-Filgrastim or Neupogen in the study KWI-
300-102 where it did not include the 100% value (90% CI 87.9- 96.2%). As the 90% and 95%
confidence interval of ANC Cmax determined in the same study after s.c. administration of 150ug Apo-
Filgrastim or Neupogen included the 100% value (90% CI: 91.9-101.0, 95% Cl: 91.02 — 101. , the
lack of inclusion of 100% for the 75ug dose is regarded as a study-specific observation, not i ﬁing
a true difference between the two drug products. @

2 4
As Apo-Filgrastim and Neupogen show bioequivalence for PK parameters and simiIar@qg on ANC, it

can be concluded that Apo-Filgrastim has equivalent efficacy to Neupogen. O

Clinical studies in special populations \Q
X

No clinical studies in special populations were submitted. 0

Supportive studies @

No additional studies in the target population were submitted. é
2.5.3. Discussion on clinical efficacy Q
Design and conduct of clinical studies OQ

The Applicant performed a single-arm phase I studth the primary objective of evaluating the
safety profile of Apo-filgrastim. Pharmacodynami efficacy endpoints were also evaluated. The
Applicant compared the outcome data from thj dy to data from the literature — specifically to
outcomes seen in similar cohorts administered§§SF products or cohorts for which Grastofil would be

indicated. &

Primary efficacy endpoint - The main effi endpoint was the duration of severe neutropenia (DSN)
in cycle 1. The mean (SD) duratio oéere neutropenia in cycle 1 was 1.40 (1.07) days. This was
seen to be very similar to the filgr arms of the reference studies, where the corresponding values
were 1.6 (1.1) and 1.8 (1.4) d@respectively. However, the reference studies used a somewhat

n

different chemotherapy regi ich did not include cyclophosphamide.

Secondary efficacy endpoQ Severe neutropenia in cycle 1 occurred in 77.50% of patients and
ed |

febrile neutropenia ON

Grastofil is restricte use in adults only as there is currently no presentation compatible with safe
dosing in child’re (sée section 2.2.4).

3 (2.5%) patients in cycle 1 and did not occur in subsequent cycles.

Efficacy d{t_a and additional analyses

The meal C nadir of 0.37 x 10%/L was recorded on day 7.20 (0.64). Post-nadir ANC >1.5 x 10%1,
relati chemotherapy administration, occurred after a median of 9 and mean 9.11 days.

0 lization was necessary for 7 (5.8%), while i.v. antibiotic therapy was administered to only 4
(3¥38%) patients. Mobilisation of CD34+ cells was demonstrated to rise to mean of 110.67 x 10°/L at
cycle 1 day 9, from 4.57 (3.33) x 10%/L at cycle 1 day 1. Duration of neutropenia in consecutive cycles
(2-6) was not reliably measured due to lower frequency of blood sampling. Data from repeat-dose
studies of marketed G-CSF products in patients have occasionally shown there to be decreases in DSN
and incidence of severe neutropenia with subsequent cycles of chemotherapy, especially between cycle
1 and cycle 2. Whilst in study KWI-300-104 decreases were seen between cycle 1 and cycle 2, it was

Assessment report
EMA/CHMP/303037/2013 Page 67/89



not clear whether these changes were due solely to reduced blood sampling in cycles 2-6. The clinical
study report suggested that blood sampling before Day 9 in cycles 2-6 was not performed. It is unclear
in this case how accurate estimation of ANC over time and consequently duration of severe
neutropenia in those cycles was assured. This is considered a significant flaw in the study procedures.
The comparison of data from these studies to those from the literature highlighted by the Applieant
was complicated by differences in baseline disease characteristics and demographics, conco ib
chemotherapy, region and clinical practice, such that comparison of these endpoints was n@
considered to be reliable. .

The rate of febrile neutropenia in KWI-300-104 study does not seem to be discordan&t at obtained
in the other studies. What is remarkable is that 29 patients had a nadir depth <0. /L ANC lasting
2.44 days, which means that a non-negligible number of patients were at very, e risk of getting an
infectious disease. Also, 77.50% of the patients had severe neutropenia des&5 patients being
naive to chemotherapy and therefore having a more responsive bone marrow,than patients previously

treated with chemotherapy. Moreover, if the four patients who received jat nous antibiotic
treatment (only one due to febrile neutropenia) were taken into consid n, the rate of febrile
neutropenia would increase only slightly to 5% (6/120), which is stQ)W considering the profound
neutropenias experienced by study patients. @

The Applicant stated that body temperature was measured b atients, and that the collection of
data may not have been completely objective. Also, the sli er dose of doxorubicin could have
had an impact on the rate of febrile neutropenia. Regar f whether these justifications have merit,
it should be remembered that the rate of febrile neutgo is not a pivotal endpoint in the
comparison of the G-CSF biosimilar to the reference}huct, provided that PK and PD biosimilarity is

robustly shown. Therefore, undue significance sh not be given to these uncertainties.

Other endpoints evaluated include ECOG stat@mber of transfusions used to treat
thrombocytopenia and anaemia, chemothegapy dose delivered, chemotherapy cycle delay and
occurrence and/or resolution of ChemOﬂ(J

d@cal efficacy

e procedure regarding demonstration of pharmacodynamic
ogen in the PK/PD studies, a comparative randomised trial in
patients would have provi ta to adequately support the comparability of the two agents,
especially in case sensitiv endpoints were pursued as well. However, as noted above, in the G-CSF
biosimilar clinical coNbili exercise, the endpoints of DSN and FN are not considered pivotal and
are measures of les, ehsitivity by which clinical comparability may be demonstrated. Overall, the
efficacy data fro KWI1-300-104 were not considered to provide significant support to the pivotal
PD data from YIK ase | studies.

S

induced mucositis.

2.5.4. Conclusions on th

Given the issues which arose d
comparability of Grastofil and

*

2.6. Ch

Pati@ Xposure

ular summary of the clinical programme that contributed towards safety information is presented

afety

bel
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Table 58:

Summary of Apo-Filgrastim studies in the clinical program

Study Study Design Study Sample | Trial Site
Number Population Size
KWI-300- | Phase I - single-dose, randomized, double-blind, two- Healthy N= 36 Vienna,
101 way cross-over study - PK and PD evaluation of Apo- Volunteers Abstria

Filgrastim and Neupogen (EU) §
KWI-300- | Phase I- single-dose, randomized, double-blind, two- Healthy N=73 iefna,
102 way cross-over study, dose response - PK and PD Volunteers tria

evaluation of Apo-Filgrastim and Neupogen (EU) vo
KWI-300- | Phase I- randomized, double-masked, active and Healthy N=78 \,T Vienna,
103 placebo-controlled, parallel group study to examine the | Volunteers ( Austria

pharmacodynamic (PD) biosimilarity of repeat dose O

Apo-Filgrastim and Neupogen (EU) %'\
Study Phase 1, single dose, randomized, double-blind, active- Healthy &Q\l:48 Toronto,
GCSF- controlled, comparative three-way crossover Volunteers 4 Canada
SUIN- pharmacokinetic and pharmacodynamic study of Apo- 0
05SB01- Filgrastim and EU and US Neupogen (Amgen). Apo-
3FA; Filgrastim product used was from the commercial

manufacturing process IX.
KWI-300- | Phase Ill- a non-comparative, multicentre, repeat dose cancer N=120 17 centers
104 safety with Apo-Filgrastim to induce neutropenia in Eastern

C ecelvmg TAC Europe
emotherapy
Q as routine
treatment

\

Cancer patients safety population

A total of 120 women were enrolled into stud;@i%oo 104. There were six cycles of chemotherapy,

each cycle 3 weeks apart for a total of 18
every chemotherapy cycle and was conti
neutrophil count, whichever occurre

received 300 ug (if body weight w. %‘3
Filgrastim daily for a maximum of

treatment period and 109 patieg
Patient withdrawal is summaﬁ n

Table 59: Patients with@v

the following table:

eks.”Treatment with Apo-Filgrastim began on day 2 of
%p to 14 days or until post-nadir recovery of the absolute
po-Filgrastim was self-administered. Study patients
kg) or 480 pg (if body weight was 76-120 kg) of Apo-
ycles of chemotherapy. 113 patients (94.17%) completed the
0.83%) completed the safety follow-up period up to week 48.

n from study KWI1-300-104 (Cancer patients safety population)

Withdrawal from stude,, | N (%)

Yes Y 11 017

No RN 109 90.83

Reason fpf @'nwa]

Withdy; \vfmnsent 3 417

Ady,  Elent 3 250
protocol deviation 3 2350

= mumber of patients
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Patient disposition is shown in the following table:

Table 60: Patient disposition per chemotherapy cycle and follow-up visit in study KWI1-300-

104 (Cancer patients safety population)

N (%5) 67
Chemotherapy Cycle ~
Cvcle 1 20 100.0 </
Crele 2 4 95.0 '\67
Crvele 3 £ 950 N
Crele 4 1 Q3.0 \JJ
Cyele 5 13 94& N
Cryele 6 13 9;3
Weel 20 13 é
Eollow-up Visit
Week 24 13 42
Week 36 12 933
Week 48 109 t\q Q0.8
N = mumber of patients \‘ i

The mean (SD) dose of Apo-Filgrastim per cycle was 2 .26 (813.03) pg while the mean (SD) dose
per weight was 5.14 (0.73) pg/kg/day. Extent of @sure is summarised in the following table:

Table 61: Extent of Exposure in study KWJ- -104
Dose per weight
Iﬁed’ Yringes Cumulative dose [ug] [uglkg/day]
Average N# y 688 GRS
Mean b /.84 288026 3.14
StdDev O 1.25 81303 0.73
Min { 1.00 300.00 3497
'.‘n[edian 8.00 270000 5.17
Ma 14.00 672000 6.67

Healthy volunteer, @ opulation
. f S
Studies KWI- N 1 and KWI-300-012 were single-dose studies. Healthy volunteers received a single

dose of (I\Q’astim and Neupogen on two occasions separated by a washout period. Study KWI-
300-103 repeat dose study in which healthly volunteers were exposed to a daily administration
of the drug on 4 consecutive days.

In , 144 subjects were exposed to Apo-Filgrastim and Neupogen (reference medicinal product) and
6'subjects received placebo. Apo-Filgrastim and Neupogen were administered either by (i) the
subcutaneous route in fixed doses of 75 pg and 150 g respectively or by (ii) the intravenous route at
5ug/kg body weight. Overall, 3 subjects did not complete the study: 2 subjects owing to voluntary
withdrawal and 1 subject because of pregnancy. Subject withdrawal is summarised in the following
table:
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Table 62: Subjects withdrawal in studies KWI1-300-101, KWI1-300-102, KWI1-300-103

Withdrawal from Apo-Filgrastim Neupogen Placebo

Study N(%)* N (%) N (%)

Yes 2(1.07) 1(0.33) 0 {0.00) b

No 142 (75.94) 143 (7647 613.21) 0
Iy

Reazen C ﬂv

Voluntary Subject | . - <2 - o e 4

Withdrawal 1(0.33) 1(0.33) 0 (0.00) (\

SAE 00,00y 0 (0.00) 0 (0.00)

Inclusion/Exclusion | 0

criteria Violation 0(0.00) (0.00) 0 (0. L'@

Compliance Failure | 0 (0.00) 0 {000y |[§

Other 1(0.53) 0 {0.000 %

N =mmmber of snbjects

* percentage are calculated based on the 137
constituted the safety population

subjects who received at least on®dose of study drug and

Healthy volunteers received a single dose of Apo-Filgrasti upogen on two occasions separated
by a washout period in the studies KWI-300-101 and KWI=800-102. In study KWI-300-103, subjects
were exposed to a daily administration of the study ru@ 4 consecutive days. Mean daily exposure
to study drug is displayed in the following table. \

Table 63: Mean Extent of Exposure (Jug) L@Qes KWI-300-101, KWI1-300-102 and KWI-

300-103 (Healthy volunteers safety pop )
KWI 300-101 EWI 3{}0—%2 EWI 300-103
o NJ
Apo- Neupogen | Apo- ’Neup ogen |Apo- Neupogen | Apo- Neupogen
Filgrastim Fi u Filgrastim Filgrastim
Spg'kg Sng'kg 7 @ 75 g 150 ng 1530 pg  |Spg'kg Spg'ks
N=3s N=36 @! 7 N=1§ N=36 N=36 N=3§ N=36
Mean [351.71 349.{\{’?5.00 7500 150.00 150.00 1356 1381
Min (23500 ﬁt’.‘l[ﬁlx - - - - Q800 o20.0
Max |460.0 @.DD - - - - 1820 1820
o
For study KW 102, fixed doses wers used, i.e. 75ug and 130ug

N7

QQJ
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The number of subjects and their extent of exposure to study drug is displayed in the following table:

Table 64: Number of Subjects Exposed to Different Daily Doses of Study Drug in Studies
KWI1-300-101, KWI1-300-102 and KWI1-300-103 (Healthy volunteers safety population)

Apo-Filgrastim (N=144) Neupogen (N=144)
Daily Dose Amount N (%) N (%)
<100 pg 37 (25.69) 36 (25.00)
100 pg - <200 pg 36 (25.00) 36 (25.00) %)
200 pg - 300 pg 16 (11.11) 16 (11.11) N
=300 pg 35 (38.19) 56 (38.89) Q‘

N= mumber of subjects Q

Adverse events @

Cancer patients safety population

emergent adverse events. Most treatment- emergent adverse

In study KWI1-300-104, 110 out of 120 breast cancer patients o) reported 1216 treatment-
s were assessed as not related to

study medication. Results are summarised in the followm

Table 65: Overview of treatment emergent adv@ents in study KWI1-300-104
N (%) G Event
At least one TEAE 11091.6) L N 1216
Possibly related to Study Drug 0 (32,33 - 252
Severs 42 (38, ﬁ*}l oa
Serions a7 10
Withdrawal due to TEAE LY 3
Resulting in Death 7 2

N = mumber of patients; E= n\.z‘ Events

R

“
-
N
&

<
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Table 66: Summary of treatment emergent adverse events in study KWI1-300-104 according

to SOC > 5% (Cancer patients

safety population)

disorders

Patients Events
System Organ Class %IE"'DR"‘ Preferred N (94) E (%) §
. erm
All Patients/Events 120 (100.00 1216 (100.0pp ©
Ear and labyrinth disorders Vertigo 11(9.17) 16 (2.96) &7
Gastrointestinal disorders Abdominal pain 5 (5.00) 7 (0,38 :9
Abdomunal pain upper T(5E3) 1% )
Diarthoea 22 (12.33) 3B206)
Dryspepsia 7T(5.8%) @:1.&]]
Mauzea 64 (33.33) 0 P178 (22.86)
Vomuting 12 (10.000 2 01.73)
v
General disorders and . @ an e
admimistration site conditions Asthena 6 (5.00) & 20 (1.64)
Fatigue 24 {ED.@ a0 (4.93)
Pyrenia 7 {5% 13{1.07
}IIet:.lbul.ism and nutrition Anorexia 12 (0.99)
disorders
Musculozkeletal and connective . M —y HET
tissue disorders Bone pain \ (66.67) 267 (21.96)
Nervous system disorders Dizziness O 16 (13.33) 50 (4.85)
o~
Headache o~ 29 (24.17) 84 (6.91)
Eespiratory, thoracic and ; . - P
mediastinal disorders Pﬂar&n%i]’gezl pam  (9(7.30) 90.74)
Skin and subcutaneous tissue 1 7 36 (30.00) 16 (2.96)

N = mummber of patients; E = mumber

The most common treat

The most com’m

me:&nfergent adverse events were:

nausea obser%v
bone pain wij events (21.96%) in 80 patients (66.67%o).

278 events (22.86%) in 64 patients (53.33%)

atment-emergent adverse event that was possibly related to the study

w@i pain in 70 patients (58.33%). The mean (SD) duration of bone pain was 9.78

medication

(13.28) days ng the patients who reported bone pain. Bone pain was most described as mild in

105 (39. oyvcases. Pain was described as severe in 63 (23.60%) cases, moderate in 99 (37.08%)
cases d in 105 (39.3%) of cases. The incidence and severity of bone pain were highest in the
first c ith 62 (51.67%) patients reporting bone pain, of which 20 patients (16.67%) reported

rézbone pain. Bone pain did not result in any discontinuations.

All other possibly drug related treatment-emergent adverse events were mild or moderate and were
observed in less than 5% of study patients. All possibly drug related treatment-emergent adverse

events resolved. Injection site reactions were observed in 4 (3.33%) patients, two of which (1.67%)
reported injection site pain in addition. One other patient (0.83%) reported pruritus at the injection

Assessment report

EMA/CHMP/303037/2013 Page 73/89



site. All reactions were mild except for one moderate swelling, one case of severe warmth, and one
event that required analgesia.

Results are summarised in the following table:

Table 67: Summary of possibly related treatment emergent adverse events in study @-

300-104 according to SOC (Cancer patients safety population) @
Patsnts Evsr:it
Total no. of subjects 120 (100.00) '
Total no. of subjects with possibly related TEAEs 70 (38.33) ™

MedDEA Preferred N ]
Term N (%) NEvent

Musculozkeletal and connective Bone pain 10 (58.33) él -

Svstem Organ Class

tizsue disorders

Gastrointestinal disorders WNauzea 4(3.33) G
Abdominal pain 1083
administration site conditions

- H 1 ‘
General disorders and Injection site reaction 4 EE.@ 4

Imjection site pain A ‘@

Imjection site pruritus *{RI_M)

Pyrexia \O 1(0.83)

—_

Lad

Nervous system dizorders Headache ~ 30250 2
<
Dizziness Q 2 (167 2
N = mmber of patients; E = nmuber of Events 0

g

Healthy volunteers safety Dopulation$}

Back pain (21.53% of subjects in grastim and Neupogen groups) was the most commonly

observed possibly related treat mergent adverse events. The incidence of other possibly related

treatment-emergent adverse including fatigue, arthralgia, feeling hot, neck pain, dyspnoea, and
pyrexia occurred in betwe d 5 patients out of 144. The numbers of events were similar between

Apo-Filgrastim and Neupo roups.

Bone pain (considere present if the preferred terms arthralgia, back pain, bone pain, neck pain
@ e reported) was considered to be possibly-related to study drug in a similar

or pain in extremit
percentage of,sr.és who received Apo-Filgrastim and Neupogen (24.31% and 22.92% respectively).

Two subjegts experienced allergic reactions which were considered to be possibly related to study Apo-
Filgrasti 'N\e subject. The symptom was pruritic rash occurring on 3 occasions.

One e injection site erythema, two events of headache and two events of back pain were
consi to be severe and related to study medication. All were resolved.

er adverse events were considered to be mild or moderate.
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Serious adverse event/deaths/other significant events
Deaths

Cancer patients safety population

Two patients in study KWI-300-104 died during the follow-up period owing to (i) metastasis al i)
disease progression. Both patients died about 5 months after the last dose of the study dru er
death was considered to be related to study drug. @

Healthy volunteers safety population '\9

No deaths were reported. é

Other serious adverse events &

Cancer patient safety population 0

8 serious adverse events in addition to the two above mentioned cases ath were recorded during

study KWI-300-104 and are summarised in the following table: g
Table 68: Serious adverse events in study KWI1-300-104 ( r patients safety population)
AN

MedDEA Preferred Term Study Period | Severity Aﬁ?g&]ﬂg Outcome ;’E:];S{Ea]
Disease progression Follow-up Life h }é Mot related Dieath Yes
Breast cancer recurrent Follow-up :'»’I{Idﬂm Mot related FEesolved |No
Primary hypothyroidizm Follow-up Sm Not related Eesclved |No
Febrile neutropenia vele 1 'k}:ﬁ- Mot related Eesolved |No
;;:E';MES to central nervous Follow- EET-E'IE Mot related Dieath Tes
-

Depression Cyele 1 b Moderate Mot related Resolved |No
Panic attack 0 Moderate Mot related Besolved Mo
Agranulocytosis @' Moderate Mot related FEesolved |No
Abdominal pain wele 1 Mald Mot related Besolved |MNo
Asthenia A& Mild Mot related FEesolved |No
Leukopemnia Q Cyele 1 Severe Mot related Resolved |No
Neutropenia Severe Mot related Eesolved |No
Neutropenia ®‘ vele 1 Severs Mot related Eesolved |No
Leukopenia | (\ Severs Mot related FEesolved |No

\\
None of tmw\QWS adverse events were considered to be related to study drug. For the 8 serious

events 0%

Healt@alunteers safety population

an death, all resolved and none led to withdrawal.

s of other serious adverse events were reported.
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Laboratory findings

Cancer patients safety population

1, day O of cycle 4, week 20 and week 24. Day 0 was within 72 hours before administration of,

chemotherapy. @
Liver enzymes . %

From study start up to the beginning of chemotherapy cycle 4, the mean serum Aspaiftat
transaminase (AST) activity remained stable when assessed. During the follow-up iotl after the end
of treatment with Apo-Filgrastim, the AST values slightly increased to values of kat/L (week 20)

and 0.45 pkat/L (week 24).

Blood samples were taken at screening, day O of chemotherapy cycle 1, day 7 of chemotherapE cycle

Alanine aminotransferase (ALT) and Gamma-glutamyl transpeptidase (GGJI) agtivities remained stable
over the course of the study up to the beginning of chemotherapy cycl increases on Day 7 of
cycle 1 (ALT mean change from baseline 0.18 pkat/L, GGT mean chang m baseline 0.21 (pkat/L)) .

Mean Alkaline phosphatase (ALP) activity remained stable over tj Slean lactate dehydrogenase
(LDH) activity remained low in cycle 1 and then slightly incre cycle 4 and during the follow-up of

the study. Q
Urate O
Serum urate concentrations during the course of the stldy are shown in the following table:

Table 69: Uric acid values and change from l@line (umol/L) in study KWI1-300-104
(Cancer patients safety population)

Screening Cycle 1 Da 'CYC,I.E 1Day7 (ﬂl?cle 4Day |Week 20 Week 24
'Y

N 120 119 QN |110 113 111 112
Mean 24975 24 E\) 206.2 23847 268.15 2772
sD 91.44 67 - 62.09 65.43 7057 7314
A Jimimum 8500 . 80.00 11500 13400 112.00
Median 23806 » Q43080 203.50 237.00 26400 258 02
Maximumm T38.30 ”:ITIE.S'CI 382.00 437.00 481.79 481.7%
Mean change |[INA Qﬂ A -40.24 -11.04 21.37 297
from baseline
W: MNumber of patientSNSD: Stafidard Deviation

Haematology &
L 4

Platelet coun@ reased on Day 7 of cycle 1 compared to baseline (172.91 x 10°%/L versus 276.23 x
10%/L). ’Q{ of cycle 4, platelet value was 344.25 x 10%/L which was above the baseline value,
indicatin ansient decrease during chemotherapy cycles, as shown in the following table:

<
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Table 70: Platelet values and change from baseline (10°1/L) in Study KWI1-300-104 (Cancer
patients safety population)

Screening Cycle 1 Day 0 |Cycle 1 Day 7 [Cycle 4 Day |Week 20 Week 24
0
N 120 136 117 124 113 '.'.SA
Mean 28337 276.23 17291 34425 270.39 22 %
sD T7.00) 7244 3270 28.35 6347 ¥,
Mindmum 152.00 152.00 T4.00 177.00 12700, #40.00
Median 271.00 267.50 162.00 332.00 273.00 F21.00
Maximum 30400 321.00 3300 T37.00 479.00 454 .00
Mean change |MN.A NA -106.2 6651 -9.37 6 -52.88
from bazeline
N: Mumber of patients platelet samples; 5D Standard Deviation @
Haemoglobin values decreased after start of chemotherapy. During the f Qp period after the end
of treatment with Apo-Filgrastim, the haemoglobin showed a trend to return to baseline, as
shown in the following table: {
Table 71: Haemoglogin values and change from baseline (@ﬂ/L) in study KWI1-300-104
(Cancer patients safety population) Q
Screening  |Cycle 1Day0 |Cycle ] Dan‘C}-{‘lﬂ 4Day0 |Week20 |Week 24
N 120 119 117 \G 114 113 113
Mean 797 2.00 7.65 \v 7.14 T34 7.64
5D 0.76 0.7 D.}i\ 0.32 (.63 (.64
Minimum 5.46 5.7 338/ 3n 5.53 02
Median 2.07 807 Eﬁb T.08 733 T
Maximum 069 10.00 BN 237 8.94 9.63
Mean change [M.A. NA K} 024 2084 .85 1030
from baszeline _ v)
N: Number of patients; SD: Standard D@nﬂ

Healthy volunteers safety popu n

In studies KWI-300-101 and@l—?,OO—Olz (single-dose studies), safety laboratory blood samples were
taken at baseline, after 2rs and after 72 hours. In study KWI-300-103, which was a repeat dose
study, safety laborat bloothsamples were taken at baseline, after 48 hours and after 96 hours. All
three studies in hea X)Iunteers were performed at the same clinical site. The final healthy
volunteer study, UIN-05SB01-3FA-(5) was conducted at a different site, with blood sampling
performed at ipl€ intervals until 96 hours after administration of the test dose. There were not any
statistically s xant differences in measurements of ALT, ALP, LDH, urate, CRP, d-Dimer or aPTT
between ﬁ&ﬁlgrastim and Neupogen arms of the above studies and at the times chosen.

Safe@ special populations

ty studies in special populations were submitted.
Immunological events

Antibodies to filgrastim were determined in a three-step antibody assay: (i) Screening assay, (ii)
Confirmatory assay and (iii) Neutralising assay. Immunogenicity assessment was performed in study
KWI1-300-104 at (a) the time of patient screening (baseline value), (b) Day 0 of Cycle 2-6 and (c) in
the safety follow-up in Week 20, 24, 36 and 48.
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Antibodies were detected only in the screening antibody assay in 4 patients. None of the patients had
persistent presence of antibodies throughout the study. None of the samples were confirmed as
positive in the confirmatory assay. The neutralisation assay was therefore not performed as no positive
samples were detected.

Safety related to drug-drug interactions and other interactions b

Data on the influence of extrinsic factors such as smoking and diet have not been provid ug-drug
interactions have not been studied. There are no data on overdose or drug abuse potefiti here are
no data on the effects of the current product on the ability to drive or operate mac '&There are
no data on the effects of the current product on mental activity. 6

Rebound effects of Apo-Filgrastim were not observed. In cancer patients, a& neutrophil counts
had returned to baseline by the beginning of each subsequent chemothera e. In healthy
subjects, absolute neutrophil counts had returned to baseline by day 4. 6

(o

One subject withdrew from study KWI-300-104 because of a nor@ous duodenal ulcer. The
withdrawal was not considered to be related to study medicat%

Discontinuation due to adverse events

2.6.1. Discussion on clinical safety Q

One hundred and forty four healthy subjects were exp0osed to either Apo-filgrastim or Neupogen
(originator) in the initial three phase 1 studies. A her 48 healthy volunteers were exposed to
Grastofil and Neupogen in the later completed Q study, GCSF-SUIN-05SB01-3FA. However,
safety data in healthy individuals is only considered supportive, with safety data from clinical trial
patients being the main focus of the safew/laluation of G-CSF biosimilar products.

One hundred and thirteen female patienéyth breast cancer were exposed to Apo-filgrastim over 6

cycles of chemotherapy with follow- a to 48 weeks for 109 patients in one phase 3 non-
comparator clinical study. b
The information collected on n penia cases and febrile neutropenia comes from two different

sources: one the efficacy daaQn the other the standard adverse event reported in the CRF. Three
cases of serious neutropeere reported, all during cycle 1 and one was a febrile neutropenia. The
information provided howeVveg, does not appear to match the data provided in the efficacy part of the
dossier. It is noted that%@r cycles 2-6 this information was collected at day 9 (after the day 7 when
neutropenia occur r@ﬂen) when most patients are likely to have recovered i.e. the number of
cases are likely @e been under-estimated by the applicant.

day seve ith a duration of 1 day (39%) or 2 days (38%). However, the data from the standard
adverse report are not in line with these percentage as 6 neutropenia events occurred in cycle 1
4 ca@ere severe neutropenia) and the duration was longer (4-5 days) in most of the cases. These
di es are likely to be due to differences in reporting of FN events as AEs by the investigators but
C also be seen as a lack of standardization in the collection of safety events. As the main objective
of the study KWI-300-104 was to assess the safety of Apo-filgrastim, the Applicant should have made
an effort to establish a standardized protocol of safety data collection. Discrepancies in neutropenia

The efficagy@ show that 93/120 (77%) of the patients had severe neutropenia, mainly starting at
i

cases are disappointing and highlight the weakness of the methodology and possibly training of study
site staff.
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The adverse events reported for the current product and the originator for the most part (see
musculoskeletal AEs and serum liver enzyme result discussion below) appear similar though the
numbers of subjects studied and incidence of adverse events (except for bone pain) are too small to
allow meaningful comparison with historical data for the originator.

The Applicant could not confirm similarity of changes in serum liver enzyme measures in the %r,
due in part to the lack of a comparative clinical trial in patients. It could also be that the tim
blood samples and the manner in which results were displayed resulted in a laboratory pyef at was
noticeably dissimilar to the originator. There was then some residual concern that the® nt
differences between originator and the current product were not entirely supportive éfclaims of
similarity of safety profile between Apo-Filgrastim and the originator product.—Ho @ r, assurance was
provided as the lab changes in question are well known to be associated with erapies and are
not unexpected and not classed as serious. It is not unlikely that the inhere bility of data from a
relatively small patient sample may have led to the appearance of dissimim ith regard to

at

ely and further

> &

laboratory results between Grastofil and Neupogen. This issue can be a
evaluated through routine pharmacovigilance measures post-approval; i ding reviews in the PSUR
and reporting & discussion of reports of raised liver function tests ((s) (ALP, AST, ALT, gamma GT,
SGOT, SGPT, bilirubin).

The rate of musculoskeletal pain was seen to be appreciably in the Apo-filgrastim study in

patients (66.7%) than in studies the literature where Neup, N \as administered to patients with
QZG%; Green et al 42%). The Applicant

states that the differences between Apo-filgrastim a ogen in the percentages of musculoskeletal

similar disease characteristics and demographics (Holm

AE disorders, mainly bone pain, are due to the method of data collection for this AE (specifically
documented in the CRF on a specific Bone Pain Ament Module, in addition to the standard
documentation on the Adverse Event page). Al gh, this is seen as a potential explanation the
protocol should have been designed to allow a pgoper comparability exercise.

Whilst a comparative trial in patients wo e been preferred, it is nonetheless considered that the
Applicant has complied with advice in ‘Guidance on similar medicinal products containing recombinant
granulocyte-colony stimulating factof& EA/CHMP/BMWP/31329/2005, February 2006 which states:
“Safety data should be collected a cohort of patients after repeated dosing preferably in a
comparative clinical trial. The @ exposure should correspond to the exposure of a conventional

chemotherapeutic treatment égurse with several cycles. The total follow up of patients should be at
least 6 months”.

However, “Guidance Nmilar medicinal products containing recombinant granulocyte-colony
stimulating factor”, @/CHMP/BMWP/31329/2005, February 2006 goes on to state that:

“The number«ofpatients should be sufficient for the evaluation of the adverse effect profile, including

bone pain an@ratory abnormalities”.

.
There is &n that the clinical study only included 120 patients (11 of whom withdrew from the
study) at this number of participants might not be adequate to fully evaluate the adverse effect
prafil ever, safety data are supplemented by data from four phase | studies in healthy

rs. Furthermore, considering the biosimilarity with regard to physicochemical characteristics
anefunctions of the molecule as well as the sufficiently similar PK and PD profiles, AEs related to
exaggerated PD effects can be expected at similar frequencies for the test and reference product.

A robust post-marketing surveillance programme has been agreed with the Applicant including reviews
in the PSUR, reporting & discussion of all important, identified and reported risks and reviews of
serious and long-term adverse events from registries. These measures are detailed in the risk
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management plan (RMP). This provides adequate reassurance that further evaluation of safety
comparability will be undertaken and routinely revisited.

It is uncertain that the immunogenicity studies done during the phase Il clinical studies are adequate

to fully characterise the immunogenicity of the current product. It is considered that the Appligant
should undertake additional pharmacovigilance activities with regard to evaluating the immuncity

of Grastofil in clinical practice. The activities are detailed in the RMP.

Grastofil is restricted for use in adults only as there is currently no presentation compati@ith safe

dosing in children (see section 2.2.4). {\
2.6.2. Conclusions on the clinical safety O
The CHMP considers that the overall safety profile of the product is acceptable, | unogenicity is a

rare adverse event which requires the implementation of long-term minin@n measures. The
Applicant will undertake additional pharmacovigilance activities post-au i1Sation including reporting
and discussion of all identified and potential risks, and reviews of serioﬂd long-term adverse
events from registries. From the safety database all the adverse reactions reported in clinical trials
have been included in the Summary of Product Characteristics. T@ re no new adverse reactions

observed with Grastofil which are different from what has bee@ ribed with Neupogen.

2.7. Pharmacovigilance Q

Detailed description of the pharmacovb@ce system

The applicant has provided documents that set o@etailed description of the system of
pharmacovigilance, V7 dated 17 May 2010. Aghment signed by the Applicant and the qualified
person for pharmacovigilance, indicating that the’ Applicant has the services of a qualified person
responsible for pharmacovigilance and t %ssary means for the notification of any adverse reaction
occurring either in the Community or i Z[‘Hrd country has been provided. The Applicant addressed all
concerns presented and has submi tséummary of the PSMF which has been dated and versioned.
The PSMF is located where the insbperates, in The Netherlands, and the EV-code is MFL 1614.

The CHMP considered that the @'nacovigilance system as described by the applicant fulfils the
legislative requirements. Th plicant must ensure that the system of pharmacovigilance is in place
and functioning before th duct is placed on the market.

2.8. Risk Mana)%nent Plan

A Risk Managg tRlan (v5.0) has been agreed for the product. The content of the agreed RMP is

summarised i ollowing table:
Table 7?:‘QSJ\ary of the EU RMP (version 5.0)

Planned

@ty concern Pharmacovigilance Proposed Risk Minimisation Measures
action(s)
@ Identified Risks
Sp|?nomega|y/sp|enic Routine Routine risk minimisation (Iabelllng)
rupture Pharmacovigilance Splenomegaly and splenic rupture are

mentioned in Section 1.3.1 Grastofil SmPC,
section 4.4 and 4.8.

Therefore, spleen size should be carefully
monitored. A diagnosis of splenic rupture
should be considered in donors and/or

Patient follow up
through registry
Healthy donor follow-
up through registry
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Safety concern

Planned
Pharmacovigilance

Proposed Risk Minimisation Measures

action(s)
patients reporting left upper abdominal pain
or shoulder tip pain. N
Transformation to leukaemia | Routine Routine risk minimisation

and myelodysplastic
syndrome (in patients with
severe chronic neutropenia)

Pharmacovigilance

Patient follow up
through registry

(labelling).Transformation to Ieukae
myelodysplastic syndrome is men@ in
Section 1.3.1 Grastofil SmPC, sat) 4.4 and
4.8. *

&

Cutaneous Vasculitis

Routine
Pharmacovigilance

Patient follow up
through registry

Cutaneous vasculitis is ned in Section
1.3.1 Grastofil SmPC, 4.8.

v
Routine risk minimisation fl&lling).

Osteoporosis in patients with
SCN

Routine
Pharmacovigilance
Patient follow up
through registry

Sa
Routine risk minimisation (labelling).
Osteoporosis is r%)ned in Section 1.3.1

Grastofil SmP@” ion 4.8.

Exacerbation of rheumatoid
arthritis

Routine
Pharmacovigilance

Patient follow up

Exacerbat of rheumatoid arthritis is

Routine rist minimisation (labelling).
mentio in Section 1.3.1 Grastofil SmPC,

Hypersensitivity (including
anaphylaxis)

through registry secti .
Healthy donor follow-
up through registry 0

¥

Routine

Pharmacovigilance \

Patient follow up
through registry

Healthy donor -
up through registry

utine risk minimisation (labelling). Allergic
actions (allergic-type reactions, including
“anaphylaxis, skin rash, urticaria, angioedema,
dyspnoea and hypotension) are mentioned in
Section 1.3.1 Grastofil SmPC, section 4.8.

Hypersensitivity is mentioned in Section 1.3.1
Grastofil SmPC, section 4.3.

Acute febrile neutrophilic
dermatosis (Sweet'’s
syndrome)

Routine Kl
Pharm c@lance
Pa ie%ow up
thr, egistry

Routine risk minimisation (labelling). Sweet’s
syndrome (acute febrile dermatosis) is
mentioned in Section 1.3.1 Grastofil SmPC,
section 4.8.

Acute respiratory distress
syndrome

>
S
>
&QJ

macovigilance

4" Patient follow up

hrough registry

Healthy donor follow-
up through registry

Routine risk minimisation (labelling).
Pulmonary adverse effects including
interstitial pneumonia, pulmonary oedema
and lung infiltrates in some cases with an
outcome of respiratory failure or adult
respiratory distress syndrome (ARDS) which
may be fatal are mentioned in Section 1.3.1
Grastofil SmPC, section 4.8. In addition,
section 4.4 mentions that patients with a
recent history of pulmonary infiltrates or
pneumonia may be at higher risk. The onset
of pulmonary signs such as cough, fever and
dyspnoea in association with radiological
signs of pulmonary infiltrates and
deterioration in pulmonary function may be
preliminary signs of Adult Respiratory Distress
Syndrome.

Pl}huonary haemorrhage

Routine
Pharmacovigilance

Healthy donor follow-
up through registry

Routine risk minimisation (labelling).
Pulmonary adverse events in normal donors
(haemoptysis, pulmonary haemorrhage, lung
infiltration, dyspnoea, and hypoxia) are
mentioned in Section 1.3.1 Grastofil SmPC,
section 4.8.

Hemoptysis

Routine

Routine risk minimisation (labelling).
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Safety concern

Planned
Pharmacovigilance
action(s)

Proposed Risk Minimisation Measures

Pharmacovigilance

Healthy donor follow-
up through registry

Pulmonary adverse events in normal donors
(haemoptysis, pulmonary haemorrhage, lung
infiltration, dyspnoea, and hypoxia)
mentioned in Section 1.3.1 Grastofil ,
section 4.8. (.

Lung infiltration

Routine
Pharmacovigilance

Healthy donor follow-
up through registry

Routine risk minimisation (labelli

Pulmonary adverse events in | donors
(haemoptysis, pulmonary h hage, lung
infiltration, dyspnoea, and oxia) are
mentioned in Section 1.3 astofil SmPC,

section 4.8. o N

Sickle cell anaemia with
crisis

Routine
Pharmacovigilance
Patient follow up
through registry

Routine risk minimjs Ylabelling)

Sickle cell crisis in ients with sickle cell
disease is mentigne®,in Section 1.3.1
Grastofil SmP on 4.8. In addition,
section 4.4, t)@hysicians should exercise
caution when cofisidering the use of filgrastim

ith sickle cell disease and only
valuation of the potential risks

in patient
after ¢

Interstitial pneumonia

Routine
Pharmacovigilance

(\O

X
\}(J

\ Ob

tioned that pulmonary adverse effects, in

particular interstitial pneumonia, have been

orted after G-CSF administration. Patients
Mwith a recent history of lung infiltrates or
pneumonia may be at higher risk. The onset
of pulmonary signs, such as cough, fever and
dyspnoea in association with radiological
signs of pulmonary infiltrates and
deterioration in pulmonary function may be
preliminary signs of acute respiratory distress
syndrome (ARDS). Grastofil should be
discontinued and appropriate treatment
given.
In addition, section 4.8 mentions that
pulmonary adverse effects including
interstitial pneumonia, pulmonary oedema,

and be .
Rou @ isk minimisation (labelling). In
SQ’ 3.1 Grastofil SmPC, section 4.4 it is

N and lung infiltration have been reported in
some cases with an outcome of respiratory
failure or acute respiratory distress syndrome

\ (ARDS), which may be fatal.
Increased risk of (3\,@v Routine Routine risk minimisation (labelling). In

-
N
&

O

Pharmacovigilance

Section 1.3.1 Grastofil SmPC, section 4.4 and
4.8, it is mentioned that current data indicate
that immunological interactions between the
allogeneic PBPC graft and the recipient may
be associated with an increased risk of acute
and chronic graft versus host disease when
compared with bone marrow.

&@

Potential Risks

InNnogenicity

Routine
Pharmacovigilance

Patient follow up
through registry

Section 1.3.1 Grastofil SmPC, section 4.8
states that in clinical studies with cancer
patients none of the patients developed anti-
rhG-CSF antibodies (neither binding nor
neutralizing) following treatment with
Grastofil. No additional risk minimisation
steps are currently considered necessary.
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Safety concern

Planned
Pharmacovigilance
action(s)

Proposed Risk Minimisation Measures

Interaction with lithium

Routine
Pharmacovigilance

Targeted questionnaire

Routine risk minimisation (labelling).In
section Since lithium promotes the release of
neutrophils, lithium is likely to potentiate the
effect of Grastofil. Although this inte n
has not been formally investigate@re is
no evidence in available literatu such
an interaction is harmful. e

Risks in Off-label use

Routine
Pharmacovigilance

Post-authorization drug
utilisation study
(related to off- label
paediatric use)

o
No additional risk minimisati n\eps are
currently considered necﬁ .

Malignant cell growth
(haematological malignancy
and myelodysplastic
syndrome) in healthy stem
cell donors

Routine
Pharmacovigilance

Healthy donor follow-
up through registry

Routine risk Mi isation
(labelling)
In Sectiorﬁ%’).l Grastofil SmPC, section 4.4,
itis memu d that transient cytogenetic
modificatiehs have been observed in normal
lowing G-CSF use. The significance
hanges in terms of the development
aematological malignancy is unknown.
a‘l -term safety follow-up of donors is
going. A risk of promotion of a malignant
"myeloid clone cannot be excluded. It is
recommended that the aphaeresis centre
perform a systematic record and tracking of
the stem cell donors for at least 10 years to
ensure monitoring of long-term safety

Risks in Long term use

No additional risk minimisation steps are
currently considered necessary, other than
routine pharmacovigilance. It is currently
unclear whether long-term treatment of
patients with SCN will predispose patients to
cytogenetic abnormalities, MDS or leukaemic
transformation. It is recommended to perform
morphologic and cytogenetic bone marrow
examinations in patients at regular intervals
(approximately every 12 months).

a

Missing information

N\

Risks in pregnancy

é}(\
&>
o

Routine
Pharmacovigilance

Follow up through
registry

Routine risk minimisation

(labelling)

Grastofil SmPC, section 4.6 states that there
are no or limited data from the use of
filgrastim in pregnant women. There are
reports in the literature where the
transplacental passage of filgrastim in
pregnant women has been demonstrated.
Studies in animals have shown reproductive
toxicity with increased incidence of embryo-loss
in rabbits, but no malformations have been
observed. Although there is no evidence from
rats and rabbit studies that filgrastim is
teratogenic, the potential risk for humans is
unknown. Filgrastim should not be used
during pregnancy unless clearly necessary.

There are data available in the literature
which shows that filgrastim or other
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Planned
Safety concern Pharmacovigilance Proposed Risk Minimisation Measures
action(s)

Granulocyte colony stimulating factors are
excreted in human milk. The excretion of
filgrastim in milk has not been studie
animals. A decision on whether to
continue/discontinue breast-feedir@ )
continue/discontinue therapy wi astim
should be made taking into acc% the
benefit of breastfeeding to t ild and the
benefit of filgrastim thera the woman.

2.9. User consultation Q

The results of the user consultation with target patient groups on the pac% aflet submitted by the
applicant show that the package leaflet meets the criteria for readability,as out in the Guideline on
the readability of the label and package leaflet of medicinal products for an use.

3. Benefit-Risk Balance Q

Benefits O
Beneficial effects \
The pharmacokinetics of Apo-filgrastim were i ted in four studies in healthy human subjects — a

single 5pg/kg intravenous dose study, a 75ug apd 150ug single subcutaneous dose study, a 300 pg
single subcutaneous dose study and a re;ﬁjubcutaneous dose 5ug/kg/day study.

PK data were analysed using ANOVA o Q}ransformed data with terms for sequence, subject within
sequence, period and treatment. This,is the analysis requested in the CHMP bioequivalence guideline.
The acceptance limits set for the idence intervals of the ratios were in line with those outlined in

the CHMP bioequivalence guideli

Data for the PK parameters %0_24, AUCq.int, Cuax for all 4 PK/PD studies showed the confidence
intervals for ratios to be Qned within 80-125% regardless of analysis population (PP, ITT,

s in‘study KWI-300-101 that AUCgy_3, rather than AUC_j,; was primarily used
for the comparabilit ise can be rested as there was shown to be <1% difference between the
two AUC paramet m
limits. 90% caonfidence intervals for the PK data from the 300 pg single subcutaneous dose study,
GCSF-SUIN- Ml-SFA-(S), were also comfortably contained within the 80-125% acceptance margin.
This stu ed to demonstrate PK & PD similarity of the Grastofil product intended for
commer ion (process I11) to Neupogen, as it was noted that some changes in manufacturing

sensitivity). Any concern

h confidence intervals for the ratios of both falling within the acceptance

procem osed for the product originally used in the clinical trials (process I1) could cause

al in the product.

data presented by the Applicant for PD outcomes suggested that similarity between test and
reference products, with regard to PD outcomes, has been demonstrated, as 90% Cls and the 95% CI
for the differences fell within the Applicant’s pre-specified acceptance margins of 80-125%.

Clinical data from the target population appeared to confirm that PD, haematological and infective
outcomes in advanced breast cancer patients administered Apo-filgrastim in combination with
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myelosuppressive chemotherapy were similar to those seen in similar population administered
Neupogen or other G-CSF products.

Uncertainty in the knowledge about the beneficial effects

Statistically significant PK differences between the products were seen in studies KWI-300-10
GCSF-SUIN-05SB01-3FA. These 'bioassays' constituted evidence that real differences betw@est and
reference formulations existed that may, in principle, have presented a concern for co.nc@ of
biosimilarity. Although for all key PK parameters, the 90% confidence intervals of the ios” of the
means were fully contained within the 80-125% acceptance limits, in line with the g Qe provided in
the CHMP Guideline on the Investigation of Bioequivalence, the significant differen eeded to be
addressed. The low variability of the PK data as a result of enrolling more su t an required in the
above studies was thought to only partly explain the significant diﬁerences.% tely, the reasons for
these differences were not definitively identified. However, it was noted t)@r the majority of PK
outcomes in the dossier the trend was for differences between test and n
smaller and not statistically significant. Further, the differences did notﬁto clinically or statistically
significant differences in PD outcomes, strongly suggesting that clinically, the differences were not
meaningful and would not lead to differences in clinical effect. @

ce products to be

For the first three studies in healthy volunteers the majority d ﬁ, estimates for Apo-filgrastim (process
Il product) were lower than those of the reference produc@i antly so, as already noted for study
KWI1-300-101); although for the single dose study usin ss 111 commercial product (GCSF-SUIN-
05SB01-3FA), the estimates were statistically signifi@igher. There was suggestion therefore that
products of the two processes may not have been bioequivalent to each other, creating concern that
efficacy and safety data from trial KWI-300-104, @ d not be extrapolated to process Il product.
However, the CHMP considered that there weﬁgumber of factors that would significantly undermine
such claims; not least the modest differences b

and 111 products, the inherent limitations gWinterpreting data from across studies and most significantly
the confidence intervals of the ratios falling fully within the agreed acceptance limits. Importantly, the
clinical comparability exercise is underpined by Quality and non-clinical comparability exercises which
stim drug substance and drug product from the clinical stages
proposed commercial process were comparable with one another
gen. Given the positive PK/PD data from study GCSF-SUIN-

t) and supportive data from the Quality and non-clinical comparability
d of comparability of process Il and process |1l products.

een test-reference PK and PD ratios for process 11

sufficiently demonstrated that Ap

of process development and fro
and to the reference product,
05SB01-3FA (process Il p,
exercises the CHMP was a

As regards pharmac mics, the 80-125% acceptance margin used for the initial PD comparability
exercise during the procedure was considered too wide for demonstration of PD similarity
especially for the{Grastofil package where comparative clinical efficacy and safety data from patients
were not avai Bg A tighter acceptance limit of +/- 10% was agreed. However, a number of
confidence Q’als of PD outcome ratios did not fall entirely within these limits, especially in the
repeate gand low dose settings. Reassuringly, despite the studies not being powered such that
95% ce intervals of the PD ratios would be contained within the narrow limits, for three of the

fiv ipg regimens evaluated this was the case, strongly supporting PD similarity of the products. For

eMaining regimens, the excursions past the lower bound of the narrower acceptance limits were
small, as were the actual mean differences between the products. Given that the more stringent limits
were applied retrospectively and were not factored into the initial sample size calculations for the
PK/PD studies, it is not inconceivable that a small number of confidence intervals may fail to fall within
the more stringent boundary as the studies would have been underpowered. In this case, the adoption
of a more flexible approach with regard to the recommended width of the acceptance limit for the Cls
of PD ratios was accepted by the CHMP. Further, it was shown by the Applicant that the doses of 1-
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5ug/kg sit on the steep part of the dose response curve and that the single-dose studies, based on
data in the dossier, are equally as sensitive as the repeated-dose study in detecting PD differences
between the test and the reference products. Therefore, given the overall data it can be concluded that
PD similarity has been demonstrated between Grastofil and Neupogen and that the differences seen in
the repeated-dose study are unlikely to have consequences in clinical practice. Q
dule

The supportive CD34+ PD data in the dossier are weak due to the inadequate blood sampli

and the poor collection of data. Although robust data from statistical evaluation of comp

response could not be provided, data from studies KWI-300-103 and KWI-300-104 def %’ated that
the CD34+ responses to Apo-filgrastim and Neupogen were alike. Therefore, based cu rent

knowledge of G-CSF, biosimilar filgrastims and G-CSF analogue activity at the G- ceptor, given
that test-to-reference comparability has been determined in quality, non-clini clinical
comparability exercises, the CHMP does not expect CD34+ response to Gra fi d Neupogen to

differ in a clinically significant manner.

The lack of robust controlled safety and efficacy data from patients req@ that PK and PD similarity
in healthy volunteer studies be robustly demonstrated. Overall, giv he*totality of the data available
within the clinical development programme, it is considered that th&K and PD similarity of Grastofil
and Neupogen has been demonstrated.

Risks Qq
Unfavourable effects \O

Safety data has been accrued from one phase IlI -comparative, repeat-dose study over 6 cycles of
chemotherapy in 120 female patients with bre Q

associated with the originator. For the curren oduct, bone pain was recorded in 66.7% of patients.
The bone pain lasted about 10 days and described as severe in approximately 24% cases,
moderate in 37% cases and mild in 39(V\&§

er. Bone pain is a known adverse event

es. The incidence and severity of bone pain were
highest in the first cycle of chemother wOther events, including injection site reactions, were
recorded in less than 5% patients re either mild or moderate; they all resolved. There were
some fluctuations in the serum ac s of liver-derived enzymes such as AST, ALT, ALP, gamma-GT
and in the serum activity of LD d the serum concentration of urate in response to exposure to the

current product. {

Safety data has also beer@]ued from four phase 1 single dose studies in a total of 230 healthy
volunteers. Bone palr&l:rr in approximately 23% subjects in both Apo-Filgrastim and originator
arms of the three ini ase | studies. Overall, the adverse events reported for the current product
and the originato rw&?’ed similar in type and frequency though the numbers of subjects studied are
too small to b& ﬁe There were not any deaths in the studies submitted.

Uncer in the knowledge about the unfavourable effects

There cern that the number of healthy volunteers who took part in the submitted studies is too
the exposure to the current product too short to adequately characterise the safety profile of

urrent product. The non-comparative nature of the phase Ill study also hinders comparison to the
orighator. However, the concern is not significant as safety data in healthy individuals is only
considered supportive, with safety data from clinical trial patients being the main focus of the safety
evaluation of G-CSF biosimilar products. The safety profile of Apo-filgrastim in the pivotal study was as
expected for a filgrastim, acknowledging some limitations in the size of the safety database.
Furthermore, considering the biosimilarity with regard to physicochemical characteristics and functions
of the molecule as well as the sufficiently similar PK and PD profiles between Apo-filgrastim and the
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reference medicinal product, AEs related to exaggerated PD effects can be expected at similar
frequencies for the two products.

A robust post-marketing surveillance programme has been agreed with the Applicant including reviews
in the PSUR, reporting & discussion of all important, identified and reported risks and reviews Qf
serious and long-term adverse events from the registries. These measures are detailed in the@

Exposure to the originator is known to result in marked changes in the serum activities of I@ierived
serum enzymes in subgroups of patients. The applicant has not confirmed such changgs e same
extent in blood test results taken whilst patients were exposed to the current product N ertainly not
in the context of a comparative clinical study. It may be that the timing of blood s ﬁ and the
manner in which results were displayed have resulted in a laboratory profile tha 'miceably
dissimilar to the originator. There is then some residual concern that the app
originator and the current product may not be entirely supportive of claims ilarity of safety
profile between Apo-Filgrastim and the originator product. However, someyassurance is provided as the
lab changes in question are well known to be associated with G-CSF th@es and are not unexpected

data from a relatively small
egard to laboratory results

t differences between

and not classed as serious. It is not unlikely that the inherent variabjlity
patient sample may have led to the appearance of dissimilarity With

between Grastofil and Neupogen at certain times during the stu This issue can be appropriately and
further evaluated through routine pharmacovigilance measur st-approval; including reviews in the
PSUR and reporting & discussion of reports of raised liver fo ests (LFTs) (ALP, AST, ALT, gamma

GT, SGOT, SGPT, bilirubin).

Whilst the apparent absence of antibody developmerNQe current product would be consistent with
the originator, there is concern that the number ofpatients was too small to adequately characterise
its immunogenicity. It is considered necessary for@ Applicant to undertake additional
pharmacovigilance activities with regard to evaluating the immunogenicity of Grastofil in clinical
practice. These activities are detailed in thJVIP.

Benefit-risk balance (J

The benefit/risk balance of Grastofi gsidered positive, as a benefit/risk ratio comparable to the
reference product can be concl

Discussion on the b it-risk balance

PK similarity betweemApo-filgrastim/ Grastofil and Neupogen at and around the main clinical dose
(5u9/kg) has been rx:ingly demonstrated. The totality of the PD data from the development
programme supp m PD similarity of the test and reference products. Although the clinical efficacy
and safety da itted were from a single uncontrolled clinical study, it should be noted that in a
G-CSF biosirré.rJ\lAA, robust PD data in healthy volunteers could be considered pivotal, as in this

case. \

Overall Qemonstration of biosimilarity should be based on the results of robust quality (analytical

struc potency assays, purity), non-clinical (receptor binding, toxicokinetic studies) and clinical (PK,
ty and efficacy) comparability exercises. The totality of the data provided from the quality,

nongclinical and clinical comparability exercises support demonstration of biosimilarity of Grastofil to

Neupogen.
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4. Recommendations

Outcome

Based on the CHMP review of data on quality, safety and efficacy, the CHMP considers by consggsus
that the risk-benefit balance of Grastofil in the in the following indication:

e Grastofil is indicated for the reduction in the duration of neutropenia and the inci
febrile neutropenia in adult patients treated with established cytotoxic chemoﬂ—g for
malignancy (with the exception of chronic myeloid leukaemia and myelodyspfastic’syndromes)
and for the reduction in the duration of neutropenia in adult patients unde@ng myeloablative
therapy followed by bone marrow transplantation considered to be at@ d

prolonged severe neutropenia. &
e Grastofil is indicated for the mobilisation of peripheral blood progeq@cells (PBPCs) in adults.

risk of

e In adult patients with severe congenital, cyclic, or idiopathic ne@enia with an absolute
neutrophil count (ANC) of < 0.5 x 10%/L, and a history of seﬁ or recurrent infections, long

term administration of Grastofil is indicated to increase n hil counts and to reduce the

incidence and duration of infection-related events.
e Grastofil is indicated for the treatment of persisten %ema (ANC less than or equal to 1.0
X 109/L) in adults with advanced HIV infection, |I er to reduce the risk of bacterial

infections when other options to manage neutro a are inappropriate.

is favourable and therefore recommends the granting of the marketing authorisation subject to the
following conditions: 6

Conditions or restrictions rega{g:gupply and use

Medicinal product subject to restricted n€di}al prescription (See Annex |: Summary of Product
Characteristics, section 4.2).

Conditions and requireg of the Marketing Authorisation
t

. Periodic Safety e Reports

The marketing autho 'satioQolder shall submit periodic safety update reports for this product in
accordance with the xrements set out in the list of Union reference dates (EURD list) provided for
under Article 107c @Directive 2001/83/EC and published on the European medicines web-portal.

Condltlon estrlctlons with regard to the safe and effective use of the

medlcm\ duct

anagement Plan (RMP)

Th ; shall perform the required pharmacovigilance activities and interventions detailed in the
agkeed RMP presented in Module 1.8.2 of the Marketing Authorisation and any agreeed subsequent
updates of the RMP.

When the submission of a PSUR and the update of a RMP coincide, they should be submitted at the
same time.

In addition, an updated RMP should be submitted:
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e At the request of the European Medicines Agency;

e Whenever the risk management system is modified, especially as the result of new information
being received that may lead to a significant change to the benefit/risk profile or as the result
of an important (pharmacovigilance or risk minimisation) milestone being reached.

Conditions or restrictions with regard to the safe and effective use@be
medicinal product to be implemented by the Member States

Not applicable. {\@
O
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