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List of abbreviations

Ab Antibody

ADA Anti-drug antibodies

AE(s) adverse event(s)

AESI adverse events of special interest

ALT alanine aminotransferase

ANC absolute neutrophil count

ANC AUC_ 960 area under the plasma concentration-time curve from time 0 to 960 hours

ANC AUCq_jast area under the plasma concentration-time curve from time O to last timepoint

ANC Tmax time to peak of absolute neutrophil count

ANC hax maximum absolute neutrophil count

ARDS acute respiratory distress syndrome

AST aspartate aminotransferase

ATC anatomical therapeutic chemical 6

ATP adenosine triphosphate . %6

AUC area under the plasma concentration-time curve

AUCg_ogs area under the plasma concentration-time curve f me O to 288 hours

AUC_ss0 area under the plasma concentration-time curve time O to 480 hours

AUCg_g60 area under the plasma concentration-time cur@ rom time O to 960 hours

AUCo.o area under the plasma concentration—tim%rve from time O to infinity

AUC o_jast area under the plasma concentrationki@\ urve from time O to last time point
area under the effect curve measure the time of dosing to the last

AUEC_jast measurable concentration \

BE biosimilarity O

BMI body mass index Q

CCIT Container closure integr'@sting

CCP confirmatory cutpoin

CCs container closure em

CD34+ Cluster of differ?iation 34 positive

CEC Cation exch hromatography

CF correctie, or

CHMP Co @ for Medicinal Products for Human Use

Cl nce interval

CL/F rent systemic clearance

Cnax aximum plasma concentration

CPU clinical pharmacology unit

CQA Critical quality attribute

CSR clinical study report

CTCAE Common Terminology Criteria for Adverse Events

cv coefficient of variation

CV% Coefficient of variation as percentage

DP Drug product

DS Drug substance

ECG electrocardiogram

ECL electrochemiluminescence

eCRF electronic case report form

EEA European Economic Area

ELISA enzyme-linked immunosorbent assay

EMA European Medicines Agency
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1. Background information on the procedure

1.1. Submission of the dossier

The applicant ERA Consulting GmbH submitted on 4 November 2016 an application for marketing
authorisation to the European Medicines Agency (EMA) for Udenyca, through the centralised
procedure falling within the Article 3(1) and point 1 of Annex of Regulation (EC) No 726/2004. The
eligibility to the centralised procedure was agreed upon by the EMA/CHMP on 25 February 2016.

The applicant applied for the following indication: Reduction in the duration of neutropenia and the
incidence of febrile neutropenia in adult patients treated with cytotoxic chemotherapy for
malignancy (with the exception of chronic myeloid leukaemia and myelodysplastic syndromes)

The legal basis for this application refers to:
Article 10(4) of Directive 2001/83/EC — relating to applications for a biosimilar medicinal products

The application submitted is composed of administrative information, complet @Iity data, non-

clinical and clinical data based on applicants’ own tests and studies and/or, bi graphic literature
substituting/supporting certain tests or studies. é\
The chosen reference product is: \\'Q

Medicinal product which is or has been authorised in accordance@th Union provisions in force for
not less than 10 years in the EEA: @

. Product name, strength, pharmaceutical form: Neu@ 6 mg, solution for injection in pre-

filled syringe
° Marketing authorisation holder: Amgen Europ E\Q
o Date of authorisation: 22/08/2002 Q
° Marketing authorisation granted by: \
— Union
e Marketing authorisation number: E@OZ/ZZ?/OOl

Medicinal product authorised inth nlon/Members State where the application is made or

European reference medicinal uct:

° Product name, strep%ﬁharmaceutlcal form: Neulasta, 6 mg, solution for injection in pre-
filled syringe

° Marketing au ion holder: Amgen Europe B.V.

o Date of aut tion: 22/08/2002

° Marketing authorisation granted by:
— Union

e Marketing authorisation number: EU/1/02/227/001

Medicinal product which is or has been authorised in accordance with Union provisions in force and
to which bioequivalence has been demonstrated by appropriate bioavailability studies:
° Product name, strength, pharmaceutical form: Neulasta, 6 mg, solution for injection in pre-
filled syringe
° Marketing authorisation holder: Amgen Europe B.V.
o Date of authorisation: 22/08/2002
° Marketing authorisation granted by:
— Union
— Union Marketing authorisation number: EU/1/02/227/001
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Information on Paediatric requirements
Not applicable

Information relating to orphan market exclusivity

Similarity

Pursuant to Article 8 of Regulation (EC) No. 141/2000 and Article 3 of Commission Regulation (EC)
No 847/2000, the applicant did not submit a critical report addressing the possible similarity with
authorised orphan medicinal products because there is no authorised orphan medicinal product for

a condition related to the proposed indication.

Scientific advice

The applicant received scientific advices from the CHMP:

A\,
Scientific advice date Area @Q)
-
EMEA/H/SA/2883/1/2014/SME/111 23 October 2014 Qualit Q\‘s?-clinical and clinical
de%@hent
X\'
EMEA/H/SA/2883/1/FU/1/2016/SME/III | 28 April 2016 ‘ Q&llity, non-clinical and clinical
K Qevelopment
O

\ &
1.2. Steps taken for the assessment of\6@%oduct

The Rapporteur and Co-Rapporteur appointed by, l@ CHMP were:

Rapporteur: Martina Weise Co—Rapportec}Nithyanandan Nagercoil

AN

The application was received by the E

4 November 2016

PN

N\
The procedure started on KV
N

24 November 2016

The Rapporteur's first Assess@t Report was circulated to all
CHMP members on N Q

x’\c’

13 February 2017

CHMP member

The Co-Rapporte;ir'égt Assessment Report was circulated to all

13 February 2017

The PRAC Rapporteur's first Assessment Report was circulated to all
PRAC members on

22 February 2017

The CHMP agreed on the consolidated List of Questions to be sent
to the applicant during the meeting on

23 March 2017

The applicant submitted the responses to the CHMP consolidated
List of Questions on

13 October 2017

The following GMP and GCP inspections were requested by the
CHMP and their outcome taken into consideration as part of the
Quality/Safety/Efficacy assessment of the product:

— A GCP inspection at two sites in the USA, a clinical
investigator site and a CRO site, in August 2017. The
outcome of the inspection carried out was issued on

02 October 2017
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— A GMP inspection at one site responsible manufacture of the
drug substance and drug product in the USA between 31 July
and 04 August 2017. The outcome of the inspection carried
out was issued on

14 November 2017

The Rapporteurs circulated the Joint Assessment Report on the
responses to the List of Questions to all CHMP members on

20 November 2017

The PRAC agreed on the PRAC Assessment Overview and Advice to
CHMP during the meeting on

30 November 2017

The Rapporteurs circulated an updated Joint Assessment Report on
the responses to the List of Outstanding Questions to all CHMP
members on

8 December 2017

The CHMP agreed on a list of outstanding issues in writing to be
sent to the applicant on

14 December 2017

AN
The applicant submitted the responses to the CHMP List of 28 Maéas
Outstanding Issues on *
g (‘\9
June 2018

The Rapporteurs circulated the Joint Assessment Report on the ‘4
responses to the List of Outstanding Issues to all CHMP memberso’\

on !(b

4

The Rapporteurs circulated an updated Joint Assessment @t on
the responses to the List of Outstanding Issues to all C

members on \O

22 June 2018

The CHMP agreed on a 2" list of outstanding i%@ in writing to be

28 June 2018

sent to the applicant on
o
The applicant submitted the responses&)e CHMP 2™ List of 3 July 2018
Outstanding Issues on (O
The Rapporteurs circulated th Assessment Report on the 11 July 2018
responses to the 2" List of %andmg Issues to all CHMP
members on
. ‘c\
26 July 2018

The CHMP, in the Ilgér the overall data submitted and the
scientific dlscus$ thin the Committee, issued a positive opinion
for granting a masketing authorisation to Udenyca on
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2. Scientific discussion
2.1. Problem statement

2.1.1. Disease or condition

Udenyca is indented to be used for the reduction in the duration of neutropenia and the incidence
of febrile neutropenia in adult patients treated with cytotoxic chemotherapy for malignancy (with
the exception of chronic myeloid leukaemia and myelodysplastic syndromes).

The Applicant claims the authorisation for Udenyca (also referred to as CHS-1701 in this report) as
a similar product to Neulasta (EU) which was granted a marketing authorisation in the EU on 22 of
August 2002. The proposed indication for CHS-1701 is the same as for the reference product
Neulasta (EU).

2.1.2. Epidemiology and risk factors, screening tools/prevgtion

Chemotherapy-induced neutropenia and its subsequent infectious complics&@@represent the most
common dose-limiting toxicity of cancer therapy. Febrile neutropenia, Flb&evelops in 25% to 40%
of treatment-naive patients during common chemotherapy regimeng@ending on the patient
population; the dosage, timing and type of chemotherapy used (Di@n 2015). The severity of
febrile neutropenia depends on the dose intensity of the chegh(éapy regimen, the patient’s prior

history of either radiation therapy or use of cytotoxic treatmg@nf; and comorbidities.

2.1.3. Biologic features, Aetiology anc@%ogenesis

The principal regulator of physiological granulopg’Qs human G-CSF is a glycoprotein that has been
shown to regulate the production and releaseﬁQf' eutrophils from the bone marrow, mediated via a
single affinity extracellular receptor. By bi and signalling through granulocyte colony-
stimulating factor receptor (G-CSFR), G %s multiple effects on circulating neutrophils and on
neutrophil precursors in bone marro&@oberts, 2005).

Stimulation of precursor cell pr; cgtion in the bone marrow leads to an increase in the total mass
of G-CSFR-expressing cells, serves as a negative regulator of G-CSF levels through
accelerated clearance ofo\— F (Anderlini, 2008).

2.1.4. Clinicwesentation, diagnosis and stage/prognosis

Chemotherapy-induced neutropenia is a significant dose-limiting toxicity in cancer treatment and a
major risk factor for infection-related morbidity and mortality. Febrile neutropenia, FN, develops in
25% to 40% of treatment-naive patients during common chemotherapy regimens depending on
the patient population; the dosage, timing and type of chemotherapy used (Dinan 2015). The
occurrence of febrile neutropenia often necessitates chemotherapy delays or dose reductions. It
may also lengthen hospital stay; increase monitoring, diagnostic, and treatment costs; and reduce
patient quality of life.

2.1.5. Management

Primary prophylaxis with colony-stimulating factors, CSFs, reduces the frequency of chemotherapy
induced neutropenia, all-cause mortality during chemotherapy, and need for hospital care e.g. in
breast cancer (Renner 2012, Cochrane Systematic Review). The administration of G-CSF can
accelerate the development of neutrophils from committed progenitors, thereby reducing the
incidence, duration, and severity of neutropenia (Dale, 2002). Forms of G-CSF such as filgrastim
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and lenograstim including biosimilars, are administered by a course of daily injections, whereas
pegfilgrastim allows once-per-cycle administration and may avoid suboptimal daily dosing.

EORTC 2010 guidelines cover use of granulocyte-colony stimulating factor, G-CSF, to reduce the
incidence of chemotherapy-induced febrile neutropenia in adult patients with lymphoproliferative
disorders and solid tumours. Prophylaxis with a CSF is recommended for:

e Specified chemotherapy regimens with >20% risk of FN

e Specified chemotherapy regimens with 10% to 20% risk of FN, subject to patient specific
risk factors such as elderly age (=65 years) and neutrophil count

e Patients with a previous episode of FN

Pedfilgrastim and filgrastim can accelerate neutrophil recovery, leading to a reduced duration of the
neutropenic phase in patients receiving cytotoxic chemotherapy. Filgrastim was initially approved
for the prevention of infection as manifested by febrile neutropenia in patients with nonmyeloid
malignancies receiving myelosuppressive chemotherapy. The pivotal study in patients with small
cell lung carcinoma receiving cyclophosphamide, etoposide, and doxorubicin ¢ therapy
demonstrated an approximately 50% reduction in the incidence of febrile n penia and duration

of Grade 4 neutropenia, as well as statistically significant reductions in the\incidence of

hospitalizations and 1V antibiotic usage (Crawford, 1991). Subseque, cations for filgrastim
included engraftment following bone marrow transplantation, mobilization of peripheral blood
progenitor cells and engraftment following transplantation, ind or consolidation
chemotherapy for acute myeloid leukemia, and severe chroni {eutropenia.Because of its relatively
short half-life of 3.5 hours, filgrastim is administered on @Iy by SC administration no less than
24 hours after chemotherapy and continuing until a%@éneutrophil count (ANC) recovery within
each cycle of treatment. Shortcomings of filgrastim.include the requirement for either daily visits to
the clinic or home injections by the patient duri e period of administration, frequent ANC
monitoring, the possibility of missed doses, suboptimal duration of treatment (either too short
or too long). Efforts to overcome these limitdtions led to the PEGylation of the G-CSF protein. The
subsequent PEGylation of the G-CSF p filgrastim altered the pharmacokinetic (PK) profile,
resulting in slower clearance and a nged half-life (between 15 and 80 hours), thus permitting
a single injection per cycle of ¢ nﬁferapy (Foley, 2009). PEGylation of filgrastim increases the
size of filgrastim so that it ‘be @es too large for renal clearance. Due to its high molecular weight,

pegfilgrastim exhibits Iirpie} ransport into the blood capillaries after SC administration and enters
the systemic circulatior&a an indirect route, through the lymphatics.

With a long half—%‘ target-mediated clearance, pegfilgrastim remains in the circulation until
the bone marrow rteutrophil precursors start to come back after chemotherapy. Pegfilgrastim
(Neulasta) was first authorized for marketing in the EU and US in 2002.

About the product

Udenyca has been developed as a proposed biosimilar to Neulasta (EU) to decrease the incidence
of infection, as manifested by febrile neutropenia, in patients receiving myelosuppressive
anticancer drugs associated with a clinically significant incidence of febrile neutropenia.

This application concern an application in accordance with Article 10(4) of CD 2001/83/EC (similar
to a reference biological product) claiming Udenyca being “bio-similar” to Neulasta EU sourced
(EU/1/02/227/001-002+004). The reference product is a PEGylated (ATC code pedfilgrastim:
LO3AAL3) filgrastim (ATC code filgrastim: LO3AAO02), thus a colony stimulating factor (CSF; LO3AA)
with the (single) indication:
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Reduction in the duration of neutropenia and the incidence of febrile neutropenia in adult patients
treated with cytotoxic chemotherapy for malignancy (with the exception of chronic myeloid
leukaemia and myelodysplastic syndromes).

Type of Application and aspects on development

This is an application in accordance with Article 10(4) of CD 2001/83/EC (similar to a reference
biological product) claiming Udenyca being “bio-similar” to Neulasta EU sourced (EU/1/02/227/001-
002+004).

This application concerns an application in accordance with Article 10(4) of CD 2001/83/EC (similar
to a reference biological product) claiming Udenyca being “bio-similar” to Neulasta EU sourced
(EU/1/02/227/001-002+004). The reference product is a PEGylated (ATC code pedfilgrastim:
LO3AA13) filgrastim (ATC code filgrastim: LO3AAO02), thus a colony stimulating factor (CSF; LO3AA)
with the (single) indication:

least 24 hours

The recommended dose of CHS-1701 solution for injection is the same as for Newulasta (EU): 6 mg
(one pre-filled syringe) per cycle, administered by subcutaneous (s.c.) injecti@

after cytotoxic chemotherapy. {\%
2.2. The development programme/Compliance wi MP
guidance/Scientific advice Q.

o

The development programme to demonstrate the similarity <5Ween CHS-1701 (pedfilgrastim) and
the reference medicinal product Neulasta (EU) considere{d@ relevant CHMP guidelines:

Guideline &@J‘ment Reference Topic
Guideline on similar biological medicinal OC?—IMP/437/O4 Rev 1, Development
products O\ 23 October 2014 plan
Guideline on similar biological medicinal \B\/IA/CHMP/BWP/247713/2012 Development
products containing biotechnology derived () 22 May 2014 plan
proteins as active substance: quality iss@
(revision 1) P
Guideline on similar biological medi 2t EMEA/CHMP/BMWP/42832/2005 Development
products containing biotechnology“derived Revl, 18 December 2014 plan
proteins as active substance: clihical
and clinical issues o L\
Guidance on Similar Meq@Products CHMP/BMWP/31329/2005 Development
Containing Recombina nulocyte- 22 February 2006 plan
Colony Stimulating F@ (does not take account of

- PEGylated rhG-CSF
Concept paper om revision of the CHMP/BMWP/214262/2015) 23 Development
guideline on non-clinical and clinical July 2015 plan
development of similar biological medicinal currently under revision
products containing recombinant
granulocyte-colony stimulating factor”
Guideline on the clinical investigation of the CHMP/EWP/89249/2004 Development
pharmacokinetics of therapeutic proteins plan
Guideline on immunogenicity assessment of | EMEA/CHMP/BMWP/14327/2006 Development
biotechnology-derived therapeutic proteins plan
Reflection Paper on the Extrapolation of EMEA/CHMP/EWP/692702/2008 Development
Results from Clinical Studies Conducted 22 October 2009 plan
Qutside the EU to the EU-Population

Scientific Advice

Scientific advice, SA, was sought from the EMA on two specific occasions:
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In August 2014 the Applicant, as Coherus Biosciences, requested SA on quality, pre-clinical and
clinical aspects of the development plan for their product CHS-1701,
(EMEA/H/SA/2883/1/2014/SME/I111) on clinical aspects.

In February 2016 the Applicant ERA Consulting GmbH requested further SA on quality, pre-clinical
and clinical aspects of the development plan for CHS-1701, (EMA/CHMP/SAWP/269883/2016) on
clinical aspects.

2.3. Quality aspects

2.3.1. Introduction

Udenyca has been developed as a biosimilar using Neulasta as a reference product. Pegfilgrastim is
a pegylated form of recombinant human granulocyte colony-stimulating factor (rhG-CSF or
filgrastim) which has a longer half-life compared to filgrastim.

The finished product is presented as a solution for injection containing 6 mg of p&filgrastim
(protein content) as active substance. @

Other ingredients are acetic acid (for pH adjustment), sodium acetate (fo@?adjustment),
polysorbate 20, sorbitol (E420) and water for Injections.

The product is available in a pre-filled syringe (Type | glass), wn@ber stopper and a stainless
steel needle, and automatic needle guard. Each pre-filled syrl

Q@

ntains 0.6 ml of solution for
injection.

2.3.2. Active Substance

General Information Q<>

The INN for the active substance is pegfilgr@ . Filgrastim (also referred to as r-met-hu-G-CSF),
the product intermediate and active moi a single chain 175 amino-acid polypeptide. Due to
expression in E.coli, filgrastim is non; Osylated (in contrast to the native hG-CSF) with an
additional methionine group attac%o the human G-CSF amino acid sequence. Filgrastim

f which form disulfide bonds (between residues 37 and 43; 65
and 75). Filgrastim has a m lar weight of 18.8 kDa.

contains five cysteine residues

An approximately 20 k@S&Iyethylene glycol (PEG) group is attached to the N-terminal methionyl
residue to form pe fi@ stim. Pegfilgrastim binds to human G-CSF receptors with an equilibrium
dissociation cons@(KD) of approximately 90—130 pM.

Human G-CSF is a glycoprotein that has been shown to regulate, via a single affinity extracellular
receptor, the production and release of neutrophils from the bone marrow. Its recombinant form,
filgrastim, is a water-soluble protein. PEGylation of filgrastim to produce pedfilgrastim, increases
the exposure duration and therapeutic activity of the protein. Both pedfilgrastim and filgrastim can
accelerate neutrophil recovery leading to a reduced duration of the neutropenic phase in patients
receiving cytotoxic chemotherapy. Pegylation results in a decrease in renal clearance.

Manufacture, characterisation and process controls
Description of manufacturing process and process controls
The active substance is manufactured at KBI Biopharma, Boulder, USA.

The protein moiety of pedfilgrastim is expressed in E.coli by a conventional manufacturing process,
starting with thawing of a cell bank vial, followed by culture expansion and production
fermentation. The upstream process ends with the harvest operations, cell lysis and isolation and
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washing of the inclusion bodies containing filgrastim. The downstream process begins with the
thaw of a specified mass of frozen washed inclusion bodies. Downstream processing involves
several filtration and chromatography purification steps to separate the r-met-Hu-G-CSF from the
impurities. The r-met-Hu-G-CSF is PEGylated and the reaction by-products are removed using a
chromatography step. The purified PEGylated product is concentrated and formulated.

A batch numbering system is in place and has been described. The batch scale has been defined.
Inclusion body bags and fermentation batches can be pooled. The traceability of an active
substance batch to fermentation batches and individual bags of washed inclusion bodies has been
ensured.

Control of materials

The generation of the production strain has been satisfactorily described. A synthetic gene for
filgrastim optimised for expression in E.coli has been used to establish the expression construct.
The DNA sequence and the amino acid sequences are provided. The correct amino acid sequence
has been confirmed. The E. coli host strain cells were transformed with the expression vector and a
research cell bank (RCB) was generated. The master cell bank (MCB) was d d from the RCB.
One MCB and one working cell bank (WCB) have been produced to dat% e specification for
future WCBs that has been provided is considered adequate. OK\

End of production cell banks (EOPCBs) were generated starting fro \Qe MCB and the WCB; these
EOPCBs were tested and their stability confirmed. Duration of Itures adequately reflects the
results of these stability studies. K

The specification for release of future WCBs has been pl@d and is considered acceptable.

A list of the raw materials used in the upstream é@downstream manufacturing processes has
been provided. The grade of materials is indicate(Opecifications for non-compendial materials and
chromatographic matrices are in place. The, composition of the fermentation media and media
components has been included as well as Iée)\fomposition of all solutions used in each step of the
upstream and downstream manufactur, rocess. No materials of human or animal origin are
used; all reagents (including media) synthetic, biosynthetic or plant-derived.

Control of critical steps and inteﬂq&ates

The mPEG-aldehyde use conjugation to r-met-hu-G-CSF is correctly classified as an
intermediate. Although t\éanufacturing site has not been inspected by a regulatory authority for
GMP compliance, a @ declaration has been provided to certify that the mPEG-aldehyde
manufacturing p%@is carried out under GMP. The manufacturing process, control of materials,
control of critical steps, process validation, characterisation, control, analytical methods, reference
standard, batch analysis, container closure system and stability of the intermediate has been
described in sufficient detail. The PEG material before activation is classified as starting material
and appropriate specifications are in place to control its quality.

Another significant intermediate in active substance manufacture is r-met-hu-G-CSF which is
sufficiently controlled by introducing critical in-process controls (IPCs).

The manufacturing process employs multiple controls to ensure consistent quality of the active
substance. Critical process parameters (CPP) have been identified based on their potential to
impact critical quality attributes (CQA). A rationale for criticality assessment has been provided and
is acceptable. Acceptance ranges are defined for both critical and non-critical process parameters
and in-process controls. The methods used for testing are detailed and are appropriately qualified
or validated.

Process Validation
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Three process performance qualification (PPQ) runs were conducted. The PPQ runs consistently met
the predefined acceptance criteria. The PPQ batches met the specification acceptance criteria of the
specification in force at the time of the PPQ campaign. Compliance to the proposed commercial
specification limits (that were revised post PPQ runs) has been confirmed subsequently. During
these runs, clearance of process-related impurities was monitored. From the data provided, the
Applicant concludes that clearance of impurities has been demonstrated and routine control is not
warranted except for HCP and host cell DNA. This is considered acceptable. HCP and host cell DNA
is controlled at the level of the filgrastim intermediate. Qualification data on the analytical methods
applied for measurement of process impurities have been provided and demonstrate that the
methods were suitable for their intended use.

Column and membrane re-use has been investigated.
Manufacturing Process Development

The manufacturing process development has been described in sufficient detail. In addition to the
current manufacturing process there are 2 historical manufacturing processes. The three different
processes have been operated at different manufacturing sites. In chronologi order these are:
the toxicology process, the development process and the pivotal clinical/c ercial process. Full
details have been provided about the differences between the proceé§ and the comparability

studies performed.
N

The pivotal clinical trial was performed with material from the cop@krcial process.

Process characterisation studies have been performed for e step of the manufacturing process.
It is acknowledged that the qualification of the small-sc Q}Odels has been provided. The models
appear representative of the respective at-scale man

N

uring operations.

Characterisation O

The elucidation of structure was comprehe ly performed by orthogonal methods, i.e. primary
and higher order structures have been to comply with the expected ones. The amino acid
sequence has been confirmed by pepti apping. Reduced and non-reduced peptide map data of

unpegylated and pegylated GCSF been provided confirming the expected disulphide bonds
between C37-C43 and C65-C7 @

amounts of unpegylated fil @im are present. Intact mass of filgrastim and polydispersity of
pegfilgrastim were inve§t" d by LC-MS. The PEG linker was confirmed to be the desired amide
bond by LC-MS analysi e N-terminal tryptic peptide.

ta gained by Edman degradation demonstrate that only low

Higher order struyct as analysed by Circular Dichroism (far and near UV), and the alpha-helical
structure of pegdfilgrastim and filgrastim could be confirmed.

Pedfilgrastim and filgrastim were analysed by size-exclusion chromatography (SEC) and found to
contain only low amounts of size variants, i.e. the main peak purity was =99%. A combination of
SEC with multi-angle light scattering (MALS), refractive index (RI) and UV detection was utilised to
determine the sizes of filgrastim and pedfilgrastim. The size of PEG was then calculated by
subtraction. This procedure was not only applied to the main, but also to the peak eluting prior to
the main peak.

The potency of filgrastim and pegfilgrastim was investigated by a cell proliferation assay and both
filgrastim and pegfilgrastim exhibited the expected biological activity within narrow ranges. Surface
plasmon resonance (SPR) was applied to investigate binding of filgrastim and pedfilgrastim to the
human G-CSF receptor (hG-CSFR). On-rate binding was slowed by the PEG moiety which is
expected due to steric hindrance caused by the bulky PEG and is also in line with literature data. In
addition, variability in measurement of the binding constants was significantly higher with
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pegfilgrastim as analyte as compared to filgrastim which might be caused by the steric hindrance
as well.

Impurities

Data on depletion of process-related impurities are provided in this section (in accordance with the
process validation studies). The depletion of process related impurities is confirmed by the data
provided. HCP and host cell DNA are routinely controlled by IPCs. Endotoxin depletion is controlled
by IPCs and at release of the active substance.

Product-related size variants were investigated by SEC and cation exchange chromatography
(CEC). Different types of PEGylation variants are distinguishable by CEC and were identified by
peptide map with subsequent mass spectrometry (MS). Dimers, oligomers, low molecular weight
(LMW (non-pegylated G-CSF)) and clipped variants were separated by SEC and identified by
various methods, such as SEC-MALS. Hydrophobic variants were separated by reversed-
phase chromatography (RPC) and identified by peptide mapping (LC-MS). Oxidised species elute
prior to the main peak. Oxidation only occurred at very low levels, except after photo-oxidative
stress. Deamidated species elute post-main peak. They were identified by a c&naﬂon of MS/MS

and peptide mapping. .
N
Overall, the impurities have been comprehensively investigated. O

Forced degradation studies have not been performed for the&astim intermediate. This is
considered acceptable as the intermediate is directly processed% to the PEGylation step without
storage.

<
Specification Qg

The proposed active substance specifications inclu@\&sts for quality, identity, strength/potency,
purity and safety. Q

The active substance specification is in line, @}Tthe draft pegfilgrastim monograph in the European
Pharmacopoeia and is considered appro@}e. Identity is tested by peptide map and by SEC. Purity
and impurities are investigated by Ri@ C, SEC and CEC.

Several parameters are controlls{che level of the G-CSF intermediate.
Analytical methods . @
NN

The analytical meth c‘?1ave been adequately described and (non-compendial methods)
appropriately validatéd)in accordance with ICH guidelines.

An ELISA assay is‘used for measuring E.coli residual host-cell protein. The suitability of the assay
has been substantiated by data.

Potency determination is conducted by use of a proliferation assay by using NFS-60 cells. The same
type of potency assay is described in Ph. Eur. monograph for filgrastim. Pedfilgrastim affects the
proliferation, differentiation and activation of hematopoetic cells of the neutrophilic granulocyte
lineage. NFS-60 is a murine myeloblastic cell line infected with Cas Br-M murine leukemia virus,
and is dependent on G-CSF for growth and maintenance of viability in vitro. The biological activity
can therefore be measured based on its induction of the proliferation in NFS-60 cells as compared
to a reference standard.

Batch analysis

Batch analyses data show that all active substance batches produced using the proposed
commercial process complied with the release specification and confirm the consistency of the
manufacturing process.
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Reference materials

Previously used reference standards have been described and their qualification criteria are
provided.

The Applicant intends to operate a two-tier reference standard system consisting of a primary and
a secondary reference standard. The strategy for the qualification of future primary and secondary
reference standards has been described. The testing that will be performed will include release
testing against the specifications at the time of testing, as well as extended characterisation and
comparability testing.

Stability

Stability data have been provided for batches manufactured with the commercial process. The
studies were conducted using small scale container closure configurations representative of the
commercial scale container closure system. The batches have been stored under long term
conditions and accelerated conditions.

Overall, the stability data submitted support the proposed shelf-life. @6

w9

2.3.3. Finished Medicinal Product O’Q\

Description of the product and Pharmaceutical D%{e opment

The finished product is supplied as a single-use, sterile solutio, injection in a 1 mL Ph. Eur. type
I glass prefilled syringe (PFS) closed with a FluoroTec (@ged bromobutyl rubber stopper for
subcutaneous (SC) injection. Each syringe contains O.G(@Jf a 10 mg/mL solution resulting in 6
mg pedfilgrastim (protein content) per syringe. \O

Apart from pedfilgrastim as the active |ngred|e§ enyca is composed of acetate buffer, sorbitol
for tonicity control and polysorbate 20 as su\' ant in water for injections adjusted to target pH
4.0. The composition of Udenyca is the sa s for the reference product Neulasta.

The finished product formulation wa htly modified during product development. Formulation
robustness studies were used to f r support the finished product composition and to study the
tolerance ranges in the concen& s of the excipients in terms of stability. An appropriate design
of experiments (DoE) study applied for these studies. The results demonstrated that there are
no significant changes |n datlon rate at the edges of the formulation component concentration
ranges.

The finished pro@nanufacturing process history is appropriately described. A comparison of the
manufacturing process conducted at development stage and the commercial process (including
manufacture of finished product for the pivotal clinical studies) suggests that there were no
significant differences in the process itself. Merely minor changes were needed for process
adaptation to the different equipment/facilities and to account for a higher batch scale. Thus, the
conclusion that the changes did not impact finished product quality based on batch release data
only, is considered sufficient in this case.

The control strategy for the finished product manufacturing process was based on a risk
assessment approach to identify critical process parameters and critical in-process controls. Clinical
and commercial batches were used to characterize operating ranges across varying set points for
each unit operation. Compliance with the release specification applicable at that time was the basis
for the Applicant’s conclusion that the ranges are justified. All process parameters confirmed to
impact CQAs are classified as critical and will be maintained within the established acceptable
ranges.
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Extractables and leachables studies were executed in order to evaluate the compatibility between
the primary packaging and the finished product. Details on how the extraction studies were
performed are provided. Based on the extractables determined within the extraction studies, a
leachables study was initiated by storing finished product in the commercial container closure
system and monitoring the selected potential leachables by appropriate analytical methods. No
leachable could be observed after 18 months of storage at the recommended storage temperature
or 6 months under accelerated conditions. A toxicological and risk assessment will be performed if
leachable compounds are detected above the LOQ and safety concern threshold at the end of the
leachable studies.

The effect of light exposure, shipping temperature excursion and the compatibility between finished
product and manufacture equipment were adequately studied as well. No significant changes were
observed after exposure to normal fluorescent light for up to 1 day or after freeze-thaw stress. All
product contacting surfaces were assessed to have low risk to product quality.

A dye ingress test was developed as container closure integrity test. The risk of potential low
endotoxin recovery due to the finished product formulation was adequately ir&stigated. Results
indicated that there is no evidence of endotoxin masking. @Q
*

Manufacture of the product and process controls é\
The finished product manufacturing process consists of mixing of &nt active substance lots (if
applicable), sterile filtration of the bulk and filling. The maxim rocessing times of the single
steps are controlled. The primary container components a@ urchased pre-sterilised and the
sterilization procedures are indicated.

The operating parameters and in-process COK have been adequately justified by

characterisation studies during process development
Acceptance limits have been established for all (@a

r during manufacturing of the PPQ batches.
| in-process controls.

Process verification was achieved by manu ring commercial scale finished product batches, one
of them by mixing two active substa %ts The testing program, the sampling plan and the
number of samples taken are acce e. The IPC results were within the established limits. The
validation batches met the specifiéﬁm acceptance criteria applicable at the time of the validation

campaign and were fully compygsl ith the commercial finished product release specification.

Filter validation studles |¢; ed the evaluation of filter compatibility relating to key membrane
characteristics such as le point, permeability and bacterial retention capacity. Results of media

fill runs have been @ented covering the finished product manufacturing process.
Product specification

The release and shelf-life specifications contain tests on identity, impurities, potency and strength
as well as microbiological and pharmaceutical quality and device functionality such as injection
force. Non-stability indicating parameters will not be tested during the stability studies, which is
acceptable. In agreement with the active substance specification, three different methods have
been established for purity control, i.e. RPC, SEC and CEC.

The proposed specification limits for oxidized, deamidated variants and main peak (RPC), for
dimers/dipegylated pedfilgrastim (SEC) and for dipegylated forms (CEC) are sufficiently justified.
The established release limits are in the range of historical data or are derived from the active
substance specification limits (RPC main peak and deamidated variants).

Analytical methods

The methods used for control of the finished product are adequately described. The device
functionality tests are performed by utilizing a testing machine. Appearance, pH, osmolality, sub-
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visible particles, sterility testing and bacterial endotoxin determination are conducted according to
the procedures described in the respective monographs. The same methods are intended to be
used for purity/ impurities determination by SEC, RPC and CEC as described for the active
substance analysis.

Analytical methods used for active substance and finished product control were validated at the
active substance level which is acceptable as both active substance and finished product have the
same formulation. The functional performance tests for the device and the container closure
integrity test were also validated. The suitability of the compendial methods for sterility and
endotoxin was verified and satisfactory information supporting the suitability of the method for
sub-visible particles was provided.

Batch analysis

Batch release data has been provided, including data from batches manufactured at full scale using
the commercial process. All results presented met the acceptance criteria applicable at the time of
batch release. Furthermore, SEC, RPC and CEC product-related substances and impurities were
within the limits established in the commercial finished product specification. ;&

i )
Reference materials \

Please refer to the active substance section. The same pegfilgrastirrs@ nce standard is used for

release and stability testing of the finished product as that used fo ase and stability testing of

the active substance. \(b

Stability of the product %)

Stability data have been provided for primary stabilitySbatches, using the proposed commercial
process and filled in the proposed commercial contairter closure system. Stability data include long
term storage at 5 = 3°C and storage at 25° %RH. In addition, supportive stability data for

several batches manufactured at commerciaggale are provided (long term and accelerated).

Results of a photostability study cond@ as per ICH Q1B show indicated that the product is
photosensitive. The product informa @ erefore indicates that the product should be kept in the
outer carton in order to protect fr ght.

\

The end of shelf life specific @1 limits were calculated based on stability data available after 30
months of storage. No sjg ‘&nt changes of the tested quality attributes occurred at long term and
accelerated conditions est parameters met their acceptance criteria. The claimed shelf life of
24 months and@@e conditions for Udenyca as stated in SmPC sections 6.3 and 6.4 are

accepted.
Post-approval change management protocol

A Post-Approval Change Management Protocol (PACMP) has been submitted to add an alternate
finished product manufacturing site. Tables are provided covering all process steps, process
parameters and in-process controls comparing the approved information/data with the proposed
information/data and providing justifications for the changes. Risk assessment identified areas for
additional studies to assure consistent product quality as e.g. mixing process and filling process. A
comparability assessment following the principles outlined in ICH Q5E will be initiated including:

- Results from all CoA tests (which must meet release specifications) and additional testing
specifications on subvisible particles, high molecular weight (HMW) species, secondary and tertiary
structure.

- Quantitative lot release results for the three qualification lots must meet control limits derived
from historical finished product lots.

Assessment report
EMA/552721/2018 Page 19/81



- Product comparability will be qualitatively assessed by overlaying RPC, SEC, and CEC profiles of
the qualification lots control lots, control lots from a recent campaign at the current site and the
current reference standard.

- Comparable rates and modes of degradation for three qualification lot samples and three control
lot samples from the current site will be demonstrated in a stress study stored at 40°C/75% RH for
60 days.

- Finished product manufactured at the new site will undergo stability studies in line with the
existing stability program.

The PACMP for the introduction of an alternative finished product manufacturer is considered
acceptable.

Biosimilarity

The initial development of the biosimilar product Udenyca was based on comparability to Neulasta
sourced from the US market (Neulasta (US)). Preclinical and clinical studies were performed in
comparison to Neulasta (US) only. To establish biosimilarity of Udenyca t
medicinal product (Neulasta (EU)), an analytical similarity study was perfp@ directly comparing
Udenyca to Neulasta (EU). In addition, analytical comparability of Neula: t§ S) and Neulasta (EU)
was demonstrated to allow use of the pre-clinical and clinical data geg(@ed using Neulasta (US).

e EU reference

A comprehensive analytical comparability study was performed
of Udenyca to Neulasta (EU), as outlined in the tables below O

gbnt in the reference product, as well
%U) and the analytical comparability of

onstrate analytical similarity
rall, the number of batches was
sufficient to both estimate the batch-to-batch variability
as to assess the similarity between Udenyca and Neul

Neulasta (US) versus Neulasta (EU).

Table 1: Physico-chemical methods us @o characterize and compare Udenyca and
Neulasta (EU) é
('\'
Molecular Attribute owrethods for characterization Key findings
parameter é
Primary Structure Amino acid seK(Qe Reducing peptide map with LC- Identical
MS/MS
DISU|tId6‘ ucture Non-reducing peptide map with Identical

LC-MS/MS

O

&K/Iatlon site specificity

Edman sequencing of PEG site of >99% N-terminal

attachment PEGylation in both
products
PEG linker composition LC-MS of N-terminal peptide Identical

Higher order

structure

Secondary and tertiary
structure

CD (NUV, FUV)

Fluorescence

Comparable higher order
structure

Comparable higher order
structure

2D NMR Comparable higher order
structure
DSC Comparable Tr,
General structural Extinction Coefficient SEC-UV-RI Comparable extinction

assessment

coefficients, indicating
comparable primary and
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Molecular Attribute Methods for characterization Key findings
parameter

higher order structure

Content Protein Concentration Absorbance at 280 nm Comparable strength
(strength)

Molecular Molecular mass SEC-MALS Slightly larger mass due

mass/size to slightly higher PEG size

— clinically insignificant

PEG size Intact mass by LC-MS Slightly higher PEG size —
clinically insignificant

Polydispersity Intact mass by LC-MS, SEC- Comparable polydispersity
MALS
Sedimentation Coefficient AUC Comparable
sedi&ntation coefficients
Charge Charge distribution IEF %@parable pl (with
profile and isoelectric ‘\ rginally higher purity
point (pl) é or UDENYCA)
T -\
>
Table 2: Physico-chemical characterization of heterc@neity
7>
Molecular Attribute Methods for c&terizaﬁon Key findings
parameter
o>
\v
PEGylation-related diPEGylated and double- CE(‘O Slightly higher amounts
size PEG forms Q of diPEGylated and
\ double-size PEG forms in
0 UDENYCA
unPEGylated formsoé SEC Slightly lower amounts
K of unPEGylated forms in
UDENYCA
Q
I
Amino acid Oxidatjooro RPC Slightly lower oxidized
modifications R C)\ forms in UDENYCA
@idaﬁon RPC, CEC Slightly lower
deamidated forms in
UDENYCA
Size Aggregation: Covalent SEC Slightly lower
and non-covalent aggregated forms in
UDENYCA
Aggregation: Covalent SDS-PAGE (silver stain) Slightly lower covalent

aggregates in UDENYCA

Subvisible particulates MFI1 Fewer subvisible

(proteinaceous or other) particles in UDENYCA
Overall Impurity Size/charge variants 2D gel electrophoresis (silver Comparable profiles
Profile stain)

CEC = cation exchange chromatography; MFI = microflow imaging; PEG = polyethylene glycol; RPC = reversed
phase chromatography; SDS-PAGE = sodium dodecyl sulfate polyacrylamide gel electrophoresis; SEC = size
exclusion chromatography
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Table 3: Characterization of Biological Properties

Parameter Attribute Methods for control and Key findings
characterization

Activity Relative Potency Cell based proliferation assay Comparable potency
Binding G-CSF Receptor Binding SPR Comparable Kp, k,, and
Kq

G-CSF = granulocyte-colony stimulating factor; Kp = equilibrium dissociation constant; k, = association rate
constant; ky = dissociation rate constant; SPR = surface plasmon resonance

Table 4: Assessment of Process related impurities
Parameter Attribute Methods for Key findings
characterization
Process related Host-cell Protein ELISA Bel@detection limit in
impurities products
N
Free PEG SDS-PAGE with iodine stainé Below detection limit in

both products

O

g
ELISA = enzyme linked immunosorbent assay; PEG = polyethylene glycqb%—PAGE = sodium dodecyl sulfate

polyacrylamide gel electrophoresis K

Table 5: Assessment of Product Stability \O

Parameter Attribute V\Q@ds Applied Key findings

Stability at Change in purity and (}EC, CEC, RPC, bioassay No meaningful difference

recommended potency 6 in degradation rates

storage condition

(2-8 °C) K

Stability at under Change in chygnder SEC, CEC, RPC, SDS-PAGE Similar or slightly slower

forced degradation light, Qe id, base, degradation rate

conditions and pe&e stresses observed for UDENYCA
RS )

CEC = cation exchange atography; RPC = reversed phase chromatography; SDS-PAGE = sodium dodecyl

sulfate polyacrylami electrophoresis; SEC = size exclusion chromatography

Physico-chemical characterisation

The primary structures of Udenyca and Neulasta (EU) were compared by GIuC peptide map. The
disulphide bridges were assessed by non-reduced in comparison to reduced GIuC peptide map. The
unpaired cysteine C18 was confirmed by pepsin digest followed by LC/MS/MS for test and reference
product. Higher order structures were evaluated by near and far UV circular dicroism (CD),
fluorescence, 2-D NMR, and differential scanning calorimetry (DSC).

PEGylation was confirmed to be at the N-terminal methionine for both products using Edman
sequencing. The PEG linker composition of Neulasta (EU) and Udenyca was compared and the data
suggests no differences.

Intact mass analysis of both products by LC/MS revealed the expected range of masses separated
by 44 Da (the mass of a single oxyethylene unit) and centred around 40 kDa. This mass spectra is
consistent with filgrastim (18.8 kDa) plus a single polydisperse PEG moiety (average 21 kDa). The
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mass spectra of Udenyca and Neulasta (EU) show a high degree of overlap; however the average
molar mass is slightly higher for Udenyca. This has been justified with potential differences in the
PEG moiety, differences that are stated to be well within its acceptance criterion of 20,000-22,000
Da for the activated PEG The average difference for Udenyca as compared to Neulasta was around
0.35 kDa. A 20 kDa PEG moiety will contain around 450 oxyethylene units, so the difference is
around 8 oxyethylene units. Similar results were obtained by SEC-MALS. Considering the small
difference both in terms of the size of the PEG moiety and in terms of the number of oxyethylene
groups, and considering the fact that clinical bioequivalence has been demonstrated, this difference
is not considered to have a significant clinical effect.

Some differences were noted between the protein content of Udenyca and Neulasta (EU), where
the protein content of the candidate biosimilar was less than the target. Process optimisations for
the gravimetric dilution step were carried out, which resulted in active substance and finished
product target concentrations significantly closer to the target. The statistical criteria for
comparability after this improvement were met. Taking into account the small deviation and the
measures that have been implemented, the Applicant’s justification is accepted.6

Biological Activity @Q
parison to a reference
(SPR). Direct comparison

enyca and Neulasta (EU).

The biological activity was compared by the cell proliferation assay in
standard. Receptor binding was assessed by surface plasmon reso
of the products did not reveal any considerable differences betwe

Purity and Impurities K

Impurities were compared using the chromatographic @hods employed for active substance
release, i.e. RPC, SEC and CEC, as well as by SDS-P@QM 2-D gel electrophoresis.

It should be noted in this context, that the Uden@ batches included in the similarity study were
aged O to 4 months at time of analysis wher the Neulasta (EU) batches were aged 9 — 35
months at time of analysis. This could le @) some bias with regard to the interpretation of the
higher purity of Udenyca (as meas by the levels of typical degradation products like
deamidated, oxidised and higher m @1 ar weight species). However, stability data demonstrated
that Udenyca near the end of shel still complies with the similarity ranges set for this study.

Comparative analysis by S \owed that the amount of oligomers and larger aggregates in
Udenyca is below the arpoe) f these HMW species found in Neulasta (EU).

Lower levels of oxidi nd deamidated species as measured by RPC are present in Udenyca as
compared to Ne EU). Both products display a qualitatively comparable impurity profile.

Differences between Udenyca and Neulasta (EU) have been detected by CEC. Udenyca lots are
slightly higher in PEGylation variants (diPEG and double size PEG species). Nevertheless, the
percentage of these impurities is very low. The highest level of PEGylation variants observed in
Udenyca was 0.85% in comparison to 0.43% for Neulasta (EU). However, the difference in
averages is small (Udenyca average 0.41% vs Neulasta EU/Neulasta US average (0.36%/0.37%)
and does not preclude biosimilarity.

Stability

Comparative stability data have been provided for the recommended storage conditions. In
addition, forced degradation studies applying light, oxidation by H,0O,, heat and acidic and basic pH
were conducted. Overall, the materials are considered degrading in a comparable fashion.

Statistical evaluation

Different statistical approaches to establish biosimilarity comparability were used. Firstly, quality
range approaches were used, evaluating similarity based on coverage of test batches by min-max
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range of Neulausta (EU) and 90%/95% tolerane interval (i.e. the interval that includes 90% of the
population with 95% confidence) established based on Neulasta (EU). In addition, the Applicant
was requested to provide differences in the means, and ratios of the variances between Neulasta
(EU) and Neulasta (US), and Neulasta (EU) and Udenyca, and the corresponding 95% confidence
intervals. The results do not challenge the conclusion that the available data support the analytical
comparability.

Adventitious agents

The active substance is manufactured using a microbial fermentation process. No human or
animal-derived materials are used in the commercial manufacturing process, nor used in the
manufacture of the MCB.

2.3.4. Discussion on the chemical, pharmaceutical and biological aspects

The Applicant successfully developed and validated a manufacturing process for the active
substance which is considered adequately controlled and delivering drug substance of consistent
quality. The dossier appropriately reflects the manufacturing process, its co strategy and the
control of the drug substance. The stability data provided justify the c\@ntly proposed active
substance shelf-life of 12 months at 2-8 °C, protected from light. O

The finished product has been appropriately developed. It is factured by an adequately
controlled manufacturing process. The commercial process was ied to consistently produce the
drug product of the intended quality. The finished productéﬁecification is appropriate control at

O

release and for shelf-life.

The claimed finished product shelf-life of 24 mont
data provided. O

°C is justified based on the stability

Analytical similarity of Udenyca was demons a& to the reference product Neulasta sourced from
the EU market. In the analytical similarit udy, primary, secondary and tertiary structure the
pedfilgrastim were adequately addre by respective methods. Purity and impurities were
appropriately investigated by ort @ml methods revealing no considerable differences. The
potency of the products was h@n to be similar. From a quality point of view, Udenyca is
considered similar to Neulasta&

).

.
In addition, the non-EU m@sgator (Neulasta (US)), used in pivotal preclinical and clinical studies,
has been shown to be @esentative of the EU reference medicinal product. During the procedure
three major objwelating to quality issues were raised. One major objection related to the
lack of a valid G ertificate for the site responsible for active substance manufacturing and
finished product stability testing. This major objection was subsequently resolved as the Applicant
provided satisfactory documentation to demonstrate GMP compliance.

The second major objection related to deficiencies in the documentation provided in relation to
PEG. In response, the Applicant provided an entire new dossier section dedicated to the PEG. As
requested, PEG has been defined as a starting material and m-PEG aldehyde as an intermediate.
Information about the starting material has been provided. The manufacturing process and controls
have been described. A specification for m-PEG is in place. An overview of the analytical methods
used for release testing is provided, as well as their validation status accompanied by validation
data. The material has been characterised and process- and product related impurities have been
discussed. The primary packaging has been described. Stability studies have been performed and
are ongoing. The information provided is considered satisfactory.

The third major objection related to the control of impurities in the active substance and finished
product. In response, the Applicant provided comprehensive updates of the dossier. More detailed
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information was provided in relation to validation of analytical methods and additional validation
data was provided. In addition, the batch data was amended to include the values for the
impurities, thus providing a suitable database for setting the proposed commercial acceptance
limits for impurities. The data presented on impurity levels demonstrate that all the batches were
within the updated specification limits at release and during stability studies. The updated dossier
allows for a firm conclusion on the suitability of the analytical methods forming the basis for a
satisfactorily reliable control of the active substance and finished product.

2.3.5. Conclusions on the chemical, pharmaceutical and biological
aspects

The quality of this product is considered to be acceptable when used in accordance with the
conditions defined in the SmPC. Physicochemical and biological aspects relevant to the uniform
clinical performance of the product have been investigated and are controlled in a satisfactory way.

2.4. Non-clinical aspects 6
2.4.1. Introduction . %Q
N\
Similarity of Udenyca (CHS-170)1 to Neulasta (EU) was evaluated in tical studies in vitro. In
addition, comparability between Neulasta (EU) and Neulasta (US) valuated to establish a

bridge from the Neulasta (US) comparator used in non-clinical in@vo and clinical studies to the
EEA-authorized reference product. In addition, non-clinical i o pharmacology and toxicology
studies compared CHS-1701 against Neulasta (US). Q()

2.4.2. Pharmacology \O

O

Primary pharmacodynamic studieQ'Q

In vitro 60
G-CSF-induced proliferation of =60 myeloid leukemia cells

The biological activity of CHS- and Neulasta (EU and US lots) was evaluated in a proliferation
assay with NFS-60 cells rer@s to a reference standard. The analytical method is the same
method used for batch Q’;ﬂse and stability testing and has been adequately validated.

As shown below, 1 @13 Udenyca (CHS-1701) results lie within the minimum-maximum range
determined for N sta (EU). Furthermore, all CHS-1701 lots lie within the supportive statistical
range of the Neulasta (EU) average + 2.4 SD. Also, 20 of 22 results for Neulasta (US) lots fall
within the minimum-maximum range described by Neulasta (EU). By the supportive statistical
assessment, all Neulasta (US) lots are within & 2.4 SD of the Neulasta (EU) average.
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Figure 1: Potency by bioassay

Binding affinity to recombinant human G-CSF receptor by SPD\\Q

Table 6: Receptor binding by SPR (KD) (b'
£
N
KD
- \‘\ -
Min Max Avera@ SD -2.4SD + 2.4-SD
\\
CHS-1071 62 157 @1 25
a5
Neulasta (EU) 95 183 o 130 28 65 199
«
Neulasta (US) 78 1556\) 117 21
O
é Ka or Kon (1/Ms)
. ‘\ N
Min b Max Average SD -2.4SD + 2.4-SD
CHS-1071 1.1, no 2.1 x 10° 1.6 x 10° 0.29 x 10°
A\
Neulasta (EU) {é) 108 1.9 x 10° 1.2 x 108 0.25x 10° | 0.61 x10°| 1.8 x 10°
)
Neulasta (US) 1.1 x 10° 2.4 x 10° 1.5 x 10° 0.33 x 10°
Kd or Koff (1/s)
Min Max Average SD -2.4sSD + 2.4-SD
CHS-1071 1.3x10%| 2.1x10%| 1.7x10* 0.30 x 10
Neulasta (EU) 1.2 x10* 1.9x10*| 1.6x10* 0.21 x 10* 1.1x10%| 2.1 x10™
Neulasta (US) 1.4x10%| 2.7x10%| 1.7x10* 0.28 x 10

In vivo

In vivo PD study in rat model of cyclophosphamide-induced neutropenia [study 5900469,

non-GLP]
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The PK and PD effects of CHS-1701 and Neulasta (US) was evaluated in a Sprague-Dawley rat
model of cyclophosphamide (CYP)-induced neutropenia.

Male Sprague-Dawley rats (n=6/group) received 50 mg/kg cyclophosphamide on day 1, except for
the control group 1. On day 2, animals received either vehicle or a single SC dose of CHS-1701 or
Neulasta at 30, 100, 300 or 1000 ng/kg.

After a single IP administration of cyclophosphamide, a time-dependent reduction in circulating
neutrophils was observed. After SC administration of CHS-1701 or Neulasta, there was an initial
increase in ANC 24 hours post dose followed by a decrease in ANC over the next 24 to 48 hours,
which was followed by a second, dose-dependent, increase in ANC between 96 and 144 hours with
a subsequent decline towards the baseline
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3 12 = Neulasta 30 wkg g"? = Neulasta 100 wkg
o 104 o 10
T a- = 8
S . g %
4 S
: 4 S
24 24
PreD-2 D1 D2 D3 D4 D5 D6 D7 D8 D10D12 PreD-3D1 D2 D3 D4 D5 D6 D W’mz
Day Day
20- ~+ CHS-1701 300 ug/kg 40 K
184 -# Neulasta 300 wkg 381 s CHS-17011
] _32{ - Neulasta 1090\
- < 25
2 0 ) O
§ 107 R
N a8+ N 20 O
T 1 =18
2 4 24 Q
I 2 E
oJPreDs D1 D2 D3 D4 D5 D6 D7 D8 D10D12
3

Day 600 ——
PreD-3D1 D2 D3 D4 D5 DE D7 D8 D10D12
\O Day
Figure 2: Mean (+ SW\ trophil counts after administration of a single SC dose
of CHS—1i\ r Neulasta

N
In addition, the magnit dgdf the neutrophil response in the blood was characterized by the area
under the curve (A§ the absolute neutrophil counts (ANC); the values of ANC AUCO-t at each

dose level were red between CHS-1701 and Neulasta (US).
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Figure 3: Mean (£ SD) ANC AUCO-t after administration of CHS-1701 or Neulasta
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In vivo PD from the 4-week toxicity study in cynomolgus monkeys [20026889]

In vivo pharmacology of pedfilgrastim was also evaluated as part of the repeat-dose toxicity study
in cynomolgus monkeys. Cynomolgus (n = 3-5/sex/group) were treated for 4 weeks with once
weekly SC injections of vehicle control, Neulasta (US) or CHS-1701 at 0.075, 0.25 or 0.75 mg/kg.
The PD effect was evaluated by assessing changes in neutrophil counts in peripheral blood and in
the myeloid:erythroid ratio in bone marrow.

Day 1 Day 22
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Figure 4: Mean (% SD) neutrophil counts after administration of CHS-1701 or
Neulasta on day 1 and 22

Secondary pharmacodynamic studies
No secondary pharmacodynamic studies have been submitted.
Safety pharmacology programme

Separate safety pharmacology studies have not been done: safety pharmacology endpoints were
included in a general toxicity study.
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Pharmacodynamic drug interactions
No pharmacodynamic drug-drug interaction studies have been submitted.
2.4.3. Pharmacokinetics

PK of CHS-1701 and Neulasta (US) in neutropenic rats [study 5900469, non-GLP]

CHS-1701 or Neulasta (US) were administered 24 hours after induction of neutropenia by
cyclophosphamide at single SC doses of 30, 100, 300 or 1000 pg/kg.

Administration of CHS-1701 or Neulasta at a single SC dose of 30, 100, 300 or 1000 pg/kg led to
the increased plasma concentrations of CHS-1701 and Neulasta with increasing dose. The
exposure to pegfilgrastim was characterized by the calculation of Cmax and AUCO-t and
demonstrated more than a dose-proportional increase, with greater than 200-fold increases in
mean Cmax and AUCO-t over a 33-fold dose range from 30 to 1000 ug/kg. Although this study
was not designed to assess the PK bioequivalence between CHS-1701 and Neulasta the mean

exposure (Cmax, AUCO-t) values appeared comparable between CHS-1701 an lasta across all
dose groups. . %
Table 7: PK parameters in male rats after administration ofé@ followed by single

dose of CHS-1701 ‘(\
S

Dose Stat. Tya T  Com AUC,, AUG,, 'O V¥ CL/F
(ng/ke) Param. (hr) (hr) (ng/ml) (hr*ng/mL) (hr* h]) (mL/kg) (mL/hr/kg)
30 N 2 6 6 6 OJE) 2 2
Mean 16.1 12 5.25 121 Q 3250 140
sSD NR 12,12 1.36 48.5 O NR NR NR
CV% NR NA 259 40}~ NR NR NR
100 N 6 6 6 g\v 6 6 6
Mean 12.3 16 62.9 \'1 0 1960 916 543
SD 4.19 12, 18 9.35 441 527 221 15.5
CV% 34.0 NA IARO 23.5 26.8 242 28.6
300 N [§] 6 6 (] 6 [
Mean 2.62 18 \_186 16900 17100 233 19.4
sSD 1.85 1224 97.4 5450 5530 68.1 7.18
V% 24 253 322 324 29.2 37.0
1000 N 6 ’\\'6 6 6 6 6 6
Mean 0 ?Q 24 1810 92000 93400 167 10.9
SD \ 18, 36 156 14100 13100 124 1.72
CV% “@?.8 NA 8.60 15.3 14.0 74.5 15.8
"Median and range (Rn\Max) are presented.

NA: Not applicable: NR: Not reported.
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Table 8: PK parameters in male rats after administration of CYP followed by single
dose of Neulasta

Dose Stat. Tin Toas Cnax AUC,, AUC,., V,/F CL/F
(ng/kg) Param. (hr) (hr) (ng/ml) (hr*ng/mL) (hr*ng/ml) (mL/kg) (mL/hr/kg)
N 2 6 6 6 ' 2 T2 2
Mean 20.0 1 5.34 99.1 163 5330 185
SD NR 6.12 0929 23.8 NR NR NR
CV% NR NA 174 24.0 NR NR NR
wmw N 6 6 6 6 ' 6 6 6
Mean 13.9 12 50.3 1390 1440 1620 80.2
SD 4.60 12,12 202 625 624 713 317
CV% 331 NA 40.2 45.0 434 439 39.5
3 N 6 6 6 6 ' 6 e 6
Mean 9.23 15 304 14300 14500 285 215
) 1.69 12,24 57.7 2860 2850 73.8 5.30
CV% 18.3 NA 19.0 19.9 19.7 25.9 24.6
1000 N 6 6 6 6 6 6
Mean 9.63 28 1510 80800 81800 173 1%
SD 3.27 18, 36 255 10700 10900 66.0 @4
CV% 34.0 NA 16.9 13.3 133 38.2 ‘\ 13.2

""Median and range (Min, Max) are presented.

NA: Not applicable; NR: Not reported. \?O

,b\)

Note that "0 hr" PK sampling occurred 24 hr after eldminislrul@f Cyclophosphanude.
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Figure 5: Mean (+/-S S-1701 concentration profiles in male rats after
administra of cyclophosphamide followed by a single SC dose of CGS-

1701 SN
Q)b

Nc$"0 hr" PK sampling occurred 24 hr after administration of Cyeclophosphamide.
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Figure 6: Mean (+/- SD) Neulasta concentration profiles in male rats after
administration of cyclophosphamide followed by a single SC dose of

Neulasta
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Table 9:

Mean (* SD) PK parameters in male rats after administration of CYP
followed by single dose of CHS-1701 or Neulasta (US)

Cmax (ng/ml) AUCO-t (hr*ng/ml) AUCO-co (hr*ng/ml)
mean = SD mean = SD mean = SD
CHS-1071 Neulasta CHS-1071 Neulasta CHS-1071 Neulasta
30 5.25 5.34 121 99.1 + 214 163
+1.36 + 0.93 + 48.5 23.8
100 62.9 50.3 1880 1390 1960 1440
+9.35 + 20.2 + 441 + 624 + 527 + 624
300 386 304 16900 14300 17100 14500
+97.4 +57.5 + 5450 + 2860 + 5530 + 2850
1000 1810 1510 92000 80800 93400 81800
+ 156 + 255 + 14100 + 10700 + 13}7 + 10900
N
N
A: Cmax \QO
10000 @9\'
=
1000+ X é
) Ty Q
) Q
£ 100 = O
[ A
© O
10 3 x ® CHS-1701 Q
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I T T T ‘0
I -
Dose (Hg/kg) QK
B: AUCO-t Q®\
100000 6\0 X w
g 10000+ @6 I -
E o0l ¥
<
-
< i § = e CHS-1701
B Neulasta
10 T T T
® W S &
Dose (ug/kg)
Figure 7: Mean (£ SD) PK parameters in male rats after administration of CYP

followed by single dose of CHS-1701 or Neulasta (US)
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Quantification of G-CSF in monkey plasma

The applicant developed an enzyme-linked immunosorbent assay (ELISA) to determine
concentrations of pegdfilgrastim in monkey plasma as study 20026891.

The method was shown to be valid and could be used to quantify pegdfilgrastim from either
Neulasta or Udenyca in cynomolgus monkey plasma.

Validation of detection of antibody to G-CSF in monkey plasma

In study 20026893, the applicant conducted a series of experiments to validate an enzyme-linked
immunosorbent assay (ELISA) for the detection of antibodies to pegfilgrastim (Neulasta) or to
pegdfilgrastim (Udenyca) in plasma from cynomolgus monkeys.

This report showed validation results for this assay in respect of its cut point, intra- and inter assay
precision, sensitivity, specificity, selectivity, effect of the presence of pegfilgrastim (Neulasta) or
pegdfilgrastim (Udenyca), hook effects, precision of titration and sample stability.

Kinetic data were generated only as part of the general toxicity study in monkeyss the validation
studies to quantify pegdfilgrastim and antibodies to pegdfilgrastim in the plasma@ cynomolgus

monkeys are sufficient to support the use of each assay. K\
2.4.4. Toxicology §<\
Single dose toxicity (b

No single dose toxicity studies with Udenyca have been t@itted.
Repeat dose toxicity <>\

The applicant conducted a study in normal r to meet the expectation of regulatory guidance,
EMEA/CHMP/BMWP/31329/2005. This states”‘Data from at least one repeat dose toxicity
study in a relevant species should be ed. Study duration should be at least 28 days.’ and it
also states ‘If feasible, local toleran %bsting can be performed as part of the described repeat

dose toxicity study.” An in vivost (20026889) was conducted as to meet these expectations.
The originator conducted ge @X
granulocytic response tq ’égrastim; this is considered a relevant species.

\GLP—compIiant general toxicity study (20026889) in which cynomolgus
monkeys were dgs bcutaneously, with 0.5 ml, once weekly over 4 weeks (dosing days 1, 8, 15
and 22) with pegfilgrastim (Udenyca; lot DS-12040BM-043012A) or pedfilgrastim (Neulasta; lot
1026654). These doses used were 0 (vehicle), 0.075, 0.25 and 0.75 mg/kg. Dose selection was

intended to show a graded pharmacological response, based on what was known about
pedfilgrastim (Neulasta); the lowest dose approximates to the intended human dose and the

oxicity studies in cynomolgus monkeys and these show a

The applicant conduc

highest dose was that used in general toxicity studies in monkeys with the originator product.

The drug concentrations were 0, 0.15, 0.5 or 1.5 mg/ml and samples of material used for dosing
were retained and analysed with the intent to show that measured concentrations were within 10%
of the intended concentrations for the doses given. There were 5 male and 5 female monkeys in
each dose group, except for the doses of 0.25 mg/kg dose groups, in which there were 3
monkeys/sex. Recovery was assessed in 2 monkeys/sex at 4 weeks after the last dose except at
the 0.25 mg/kg doses. In total, there were thus 62 monkeys in this study. Monkeys weighed 2.2-
4.9 kg and were 2.5-4.9 years of age. The following outcomes were evaluated: clinical signs,
appearance of injection sites, body weights, food consumption, ophthalmology (prior to dosing and
at the end of week 4), electrocardiology (prior to dosing and on days 1 and 22 at 1-2 hours post-
dose), clinical pathology parameters (haematology, coagulation, clinical chemistry, and urinalysis),
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gross necropsy findings, organ weights and histopathological examinations. Bone marrow
preparations were evaluated, and a myeloid:erythroid ratio was determined and quantified.
Lymphocytes were counted and presented as a % of 300 myeloid and erythroid cells counted. In
addition, bone marrow smears were evaluated for morphologic or maturation abnormalities. All
tissues collected on day 29 were evaluated for groups 1, 4 and 7. Gross lesions, target tissues and
select tissues (lung, spleen, liver, bone marrow [femur and sternum], lymph nodes [mandibular,
mesenteric, axillary] and injection sites) were evaluated for groups 2, 3, 5, and 6 from day 29 and
groups 1-7 from day 57. Pharmacodynamic effects were evaluated by neutrophil counts prior to
dosing and at 2, 6 and 12 hours post dose on day 1 and at 24, 36, 48, 60, 72, 96, 120 and 144
hours post dose and also prior to dosing on days 8, 15 and 22 and also at 2, 6, 12, 24, 48, 36, 48,
60, 72, 96 120 and 144 hours after the last dose.
taken at days 30, 34, 40, 48 and 57 of the study. Blood was taken for toxicokinetic purposes prior
to dosing and at 2, 6 and 12 hours post dose on day 1 and at 24, 36, 48, 60, 72, 96, 120 and 144
hours post dose and also prior to dosing on days 8, 15 and 22 and also at 2, 6, 12, 24, 48, 36, 48,
60, 72, 96 120 and 144 hours after the last dose. In recovery group monkeys, blood was also
taken at days 30, 34, 40, 48 and 57 of the study. Plasma was prepared and stofed at -80°C or
colder for analysis of pegdfilgrastim content by use of a validated ELISA. From@)od taken prior to
dosing and predose on day 15 and also days 28 and, in recovery group mo s only, 57, plasma
was prepared and stored at -60°C or colder for use later to determine odies to each

In recovery group monkeys, blood was also

pedfilgrastim using a validated ELISA.. Dose formulation testing sh \\' all results were within
acceptable ranges and monkeys were thus assumed to have bee@osed as intended.

Table 10: Dose groups é
Group 1 2 § 4 a 5 6 7
\\v
Dose of Udenyca (mg/kg) - - O - 0.075 0.25 0.75
Dose of Neulasta (mg/k - 0.075 \ 0.25 0.75 - - -
u (mg/kg) C:\'

60
In this study there were no unsched Qdeaths. There were no indications of toxicity in
assessments of clinical observa 'orQ)r gross necropsy findings, nor on bodyweight, food
consumption, coagulation, clini
examinations, there were éo@ notable findings but the applicant concluded that these were likely
to be incidental and not.

week 4 there was f&
0.075 mg/kg Neléﬁ

hemistry, urinalysis or electrocardiograms. In ophthalmic
ciated with Neulasta or Udenyca. These findings were as follows. In
ct with an indistinct optic disc border in the right of one monkey given

and incipient nuclear cataracts were noted in two monkeys given 0.75
mg/kg Udenyca, in‘one, in both eyes and in the other only in the right eye. There were no
histological findings in the eyes of these monkeys nor in any others; the applicant commented this
could be consistent with an effect of the respective test materials but also that, spontaneous
development of cataracts has been noted in control monkeys at the facility. Attribution of its
causality is confounded, the applicant noted. There were other ocular changes including sluggish
pupillary light reflex in one monkey and vitreous haze, irregular optic disc border and pigmented
lens cells in others but these were of sporadic distribution across groups and showed no dose-
response and the applicant concluded these were not related to pegfilgrastim.

Following each product, there was a marked dose-related increase in neutrophils with smaller
increases in monocytes, lymphocytes, eosinophils, basophils and large unstained cells with

reductions in red cell count, haematocrit and haemoglobin and a dose-related decrease in platelets.

The haematology effects were generally similar between the two products but at 0.75 mg/kg, the
increase in neutrophils in females on day 22 was lower with Udenyca than with Neulasta. This did
not seem to correlate with development of antibodies. Udenyca at 0.075 and 0.25 mg/kg (but not
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at 0.75 mg/kg) or Neulasta at all doses resulted in an increase in myeloid:erythroid (M:E) ratios in
bone marrow smears. Blood smear changes in neutrophil morphology included Dohle bodies,
cytoplasmic basophilia and vacuolation, nuclear swelling (=0.25 mg/kg Neulasta) and immature

neutrophils (band neutrophils, metamyelocytes or earlier) at =0.075 mg/kg Udenyca and/or

Neulasta. The applicant stated that the incidence and severity of changes in neutrophil morphology
were generally similar between groups given Udenyca and Neulasta. After the 4-week recovery
period, mean M:E ratios and lymphocytes percentages were generally similar to control animals,

indicating recovery.

The study was not powered to assess biosimilarity but post-hoc analyses were conducted to assess

similarity of pharmacodynamic response. On day 1, the geometric mean ratios for absolute

neutrophil count AUCO-144 in monkeys given Udenyca and those given Neulasta were 96.4, 108.6
and 77.09 at 0.075, 0.25 and 0.75 mg/kg respectively (Table 9). On day 22, these were 104.8,
93.4 and 51.71%, respectively. The applicant stated that these geometric mean ratios at the 2
lowest doses suggested similarity in the pharmacodynamic response on both days. The applicant
notes that at the intended clinical dose of 0.075 mg/kg the 90% confidence inte&aIs were 78.44-

118.47%.

%)

Table 11: Summary table of absolute neutrophil counts ‘\%
&)

Group Dose Tmax (hr) Cmax (neutrophils/pl V\'\UCO—144

(mg/kg) 0 i (neutrophil*hr/pl)

(92
1 %4
Day 1 females | O 87.2x77.8 8432 + 1551 0& 623461 * 154670
2\
2 Neulasta | 0.075 19.2 + 6.57 41928 £ 9 3553080 + 892774
N
5 Udenyca 0.075 24.0 = 0.00 3974(1'1\&%03 3476783 = 916195
J
3 Neulasta | 0.25 48.0 +£ 31.7 (1@‘0 + 11167 3805658 + 931159
N
6 Udenyca 0.25 44.0 = 27.;0 )42164 + 16084 4109260 + 1339026
4 Neulasta | 0.75 88.8 = 56970 + 12938 5781615 =+ 874942
A
7 Udenyca 0.75 65\4Q54.6 45616 + 9200 4844677 + 1039636
‘/\

Day 22 0 0\<\ .0 £ 65.6 6205 + 1432 528900 * 225111
females X\O
2 Neulasta | O '@v 16.8 =+ 10.7 85831 + 29736 6307786 = 2225289

o
5 Udenyca 0075 16.8 = 10.7 90025 + 16815 6528160 + 1119482
3 Neulasta | 0.25 32.0 £ 6.93 131910 + 28535 8819404 + 2126161
6 Udenyca 0.25 40.0 £6.93 125857 + 23906 8454472 + 1959903
4 Neulasta | 0.75 50.4 = 5.37 177805 + 41218 12072602 + 2976723
7 Udenyca 0.75 24.0 = 14.7 44561 + 43185 3080829 + 2760489
Day 1 males 0 42.4 £ 62.0 10233 + 2173 828968 + 345290
2 Neulasta | 0.075 26.4 = 5.37 32226 + 4779 2831979 * 421177
5 Udenyca 0.075 28.8 = 13.7 30935 + 9322 2728344 + 620322
3 Neulasta | 0.25 48.0 = 31.7 45316.0 = 12045.3 3861942.3 + 648410.4
6 Udenyca 0.25 60.0 = 12.0 42758 + 9754 4358303 = 1098074
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4 Neulasta | 0.75 88.8 + 33.5 5520 + 4162 5766196 + 319772

7 Udenyca | 0.75 106 + 36.4 44873 + 10610 4280584 + 1230425
Day 22 males 0 17.6 = 30.5 8000 * 680 685698 + 213418

2 Neulasta | 0.075 19.2 +10.7 83766 + 16617 6025565 + 1388101
5 Udenyca | 0.075 16.8 = 10.7 92389 20775 5903117 + 842492

3 Neulasta | 0.25 36.0 +12.0 119121 + 52526 7879195 + 3158634
6 Udenyca | 0.25 40.0 + 6.93 108341 + 48981 7184748 + 2961215
4 Neulasta | 0.75 37.2+18.2 165090 + 86115 10686840 *+ 5569539
7 Udenyca | 0.75 43.2 + 6.57 159752 + 33764 10076973 + 2253092

n = 5, mean =+ standard deviation

Table 12:

O

Summary of Statistical Analysis Comparing ANC Exp@e for CHS-1701
(Test) Neulasta (Reference) on Dayl and Day 22

\\(\O

W O0LG2

Do . - . G Mean \
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0.075, 0.25, or 0.75 mg/kg;

CHS-1701 = Udenyca (pegfil@\xm)

O

At post mortem, there were no indications of toxicity with Udenyca. With Neulasta, a recovery
monkey given 0.75 mg/kg had a multifocal arterial thrombosis in the left lung lobes: this was the
only such finding and was judged to be of uncertain origin by the applicant. Organ weights were
comparable between monkeys given the two products. Spleen weights were increased and there
were splenic red pulp mixed cell infiltrates and reduced thymus weights with thymic
lymphodepletion, changes attributed to consequences of the primary pharmacological action of
each drug. On microscopic examination, changes attributed to haematopoiesis were identified,
including in the bone marrow, spleen, thymus, liver, axillary lymph node, mandibular lymph node
and mesenteric lymph nodes, characterised by an increase in haematopoietic cellularity. Also, at
injection sites, there were minimal-to-mild, mixed cell and/or mononuclear cell infiltrates, seen
only in monkeys given pegfilgrastim. At recovery necropsy (day 57), findings were generally
comparable between Neulasta and Udenyca showing reversal of induced effects; in liver, lymph
nodes and spleen, haematopoiesis was ongoing.

ation Profiles in Female and Male Monkeys Dosed SC with CHS-1701 at
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Bioanalytical results confirmed that in monkeys given the vehicle, there was no pegfilgrastim

detected. This was also the case in all predose samples for monkeys given Neulasta or Udenyca.

There were 8 of 62 monkeys that developed antibodies to pegdfilgrastim: 3 were given Neulasta at

0.75 mg/kg and 5 were given Udenyca, 1 at 0.25 mg/kg and 4 at 0.75 mg/kg: presence of

antibodies correlated with reduced Neulasta or Udenyca concentrations. However, the applicant

considered that, ‘in spite of the apparent anti-pegfilgrastim antibody formation, the TK data

confirmed that appropriate pedfilgrastim exposure was maintained throughout the study’. The

toxicokinetic results are in the table below which is presented to facilitate comparisons of group 2

with 5, 3 with 6 and 4 with 7. The applicant judged that although no formal statistical analyses

were conducted, the results indicate that the kinetics after the first dose was similar comparing

between Neulasta and Udenyca: there was a decrease in half-life with an increase in dose,

suggesting saturation of target mediated clearance. However, kinetic data were ‘more variable for

both compounds after the last dose but similar trends were seen with both molecules’, the

applicant wrote. The variability might have been due, in part, also to variable antibody responses,

the applicant noted. There was a straight-line correlation between dose of either Neulasta or

Udenyca (CHS-1701) and pedfilgrastim Cmax: similar data were presented by t

correlation between dose and pegfilgrastim AUC.

66

applicant for a

*
The applicant concluded that in this study, the changes seen were as ex \téd: all doses were

well-tolerated. Although no formal statistics were performed, the d

m absolute neutrophil

responses, at the clinically relevant dose of 0.075 mg/kg, and the @, ic data suggested

comparability between Neulasta and Undencya in terms of exp
The applicant set the NOAEL dose at 0.75 mg/kg for both pr

ts.

5@ to pedfilgrastim in monkeys.

o

Table 13: Summary table of toxicokinetic dataQ
\\v
Group Dose Tmax Cma, AUCO-t T1/2
(mg/kg) (hr) Q&ml) (ngh/ml) (hr)
ﬁa
NS
Day 1 females 0»
o
2 Neulasta | 0.075 7.20 1@8 445.53 + 134.47 7804.31 *+ 2048.49 21.47 +8.03
D
5 Udenyca | 0.075 a@\—_gz.es 372.19 + 77.46 7359.43 + 1372.73 19.76 + 6.30
\
3 Neulasta 0.25 (’.\, 2.00 = 0.00 1806.91 + 205.78 59871.45 + 12573.04 | 14.91 =+ 5.17
0\\"
6 Udenyca | 0.2 12.00 £ 0.00 | 1712.74 = 21.02 54315.91 + 7432.11 23.86 + 3.55
&
4 Neulasta Q\\A\IS 15.60 = 4286.75 + 330.92 184773.78 = 15.25 + 3.68
11.70 21017.02
7 Udenyca 0.75 12.00 = 0.00 5118.10 = 221676.59 =+ 11.58 = 5.03
1694.50 57452.08
Day 22 females
2 Neulasta | 0.075 5.20 £ 1.79 132.02 + 89.17 1346.27 + 837.96 19.65 +=
11.92
5 Udenyca | 0.075 6.00 + 0.00 183.16 + 84.81 1726.27 + 589.49 26.08 + 3.18
3 Neulasta 0.25 8.00 *+ 3.46 981.74 + 412.64 20520.43 += 12426.86 | 14.49 + 6.00
6 Udenyca | 0.25 8.00 + 3.46 1799.21 + 26681.81 + 22692.44 | 12.00 + 6.63
1605.38
4 Neulasta | 0.75 19.20 +£ 6.57 | 2644.98 = 938.78 | 78181.64 + 33098.31 | 9.13 = 5.53

Assessment report
EMA/552721/2018

Page 37/81



7 Udenyca | 0.75 14.40 £ 5.37 | 57.21 + 123.15 957.94 *+ 2046.67 5.32 £ NR
Day 1 males
2 Neulasta | 0.075 10.80 = 2.68 | 635.55 *+ 275.47 13703.82 = 4978.23 23.71 £ 4.95
5 Udenyca 0.075 7.20 = 2.68 366.33 + 66.48 8096.16 * 2426.77 19.50 + 3.55
3 Neulasta | 0.25 8.00 * 3.46 1575.09 = 473.69 | 51220.29 = 13921.88 | 24.59 = 4.28
6 Udenyca 0.25 10.00 = 3.46 1228.91 = 179.97 50635.49 + 9694.17 18.63 + 2.06
4 Neulasta 0.75 14.40 = 5.37 4146.78 + 818.43 184351.00 = 13.53 +4.61
30537.27
7 Udenyca | 0.75 13.20 £ 6.57 | 4532.55 + 972.98 | 199193.39 + 16.89 + 3.83
42941.48
Day 22 males
)N
2 Neulasta 0.075 6.00 = 0.00 129.37 = 62.17 1440.63 + 66@’ 20.72 =
{\% 11.31
5 Udenyca 0.075 6.00 = 0.00 180.19 = 92.22 16]\ * 564.45 18.69 = 7.07
A 4
3 Neulasta | 0.25 12.00 = 491.36 = 462.60 @.84 + 10276.13 12.70 £ 6.79
10.39
&
6 Udenyca | 0.25 6.00 = 0.00 1138.35 %@ 15180.35 = 10697.30 | 10.74 = 6.26
A
4 Neulasta 0.75 15.00 = 6.00 1721.4 50240.47 = 39394.85 | 10.55 = 7.25
1064. (48
O\
N
7 Udenyca 0.75 12.00 = 7.35 (&080.27 + 831.71 23537.75 + 18013.07 | 5.89 = 2.53
LN

n = 5, mean =+ standard deviation

Genotoxicity

N\
o

6\)

O
QK

The applicant did not s@&f genotoxicity studies (see non-clinical discussion).

Carcinogenit@s@

The applicant did not submit carcinogenicity studies (see non-clinical discussion).

Reproduction Toxicity
The applicant did not submit reproduction toxicity studies (see non-clinical discussion).
Toxicokinetic data

TK of CHS-1701 and Neulasta (US) in cynomolgus monkeys [study 20026889, GLP]

Cynomolgus (n = 3-5/sex/group) were treated for 4 weeks with once weekly SC injections of
vehicle control, Neulasta (US) or CHS-1701 at 0.075, 0.25 or 0.75 mg/kg.

Mean plasma concentration-time curves after dosing of CHS-1701 and Neulasta on day 1 and day
22 are shown below. The mean PK parameters for Neulasta (US) and CHS-1701 are summarized
below.

Assessment report

EMA/552721/2018 Page 38/81



Day 1 Day 22
10000 10000
0.075 mg/k 0.075 mglk
£ 1000 g/kg 1000 g/kg
2 1o
E
= 10
B
o 1
=
o
g o X
uu1 T T T T T T 1 . T
0 24 48 72 96 120 144 0 24 48 72 96 120 144
hrs post administration hrs pest administration
10000 10000
= 1000 0.25 mgkyg 1000 0.25 mg/kg
E 100 100
E
'@ 10 10 H 6
Em 1 1 @
: 0 TR PP SEPX
2 o1 0.1 =4 K\
0.01+ T T T T T T 0.01+ T T T T T O
0 24 48 72 96 120 144 0 24 48 72 96 12@4
hrs post administration hrs post administration 0
10000 10000 K
= 10003 100068 & mgtkg
E 100 100 : Q
£ y
'ag 10 - 10
5 1 1]
=
o
a o1

- Males, CHS-1701

—— Females, CHS-1701

Figure 11:
after

Q¢

72 96
hrs post administration

120

0.1
120 144 &J 24 48 72 96

hrs post administration

- eQeuIasta

les, Neulasta

Mean (&F}QE}) pedfilgrastim concentration in female and male cynomolgus

inistration of CHS-1701 or Neulasta on day 1 and22

Assessment report
EMA/552721/2018

Page 39/81



Table 14 TK parameters in cynomolgus dosed SC with CHS-1701

Group (133,0-:,;) Day | Gender (Tnln ET)! (n;I.‘li) (h;ti;jx;l_) (uﬁ}n;[;m Exrf:p((qfa) (1I?£:"ig) (lnIfI;Jleg)
5 0.073 1 F ~ 5 5 5 5 5 5 5 5
Mean | 1976 | 7.0 7350.43 7368.85 0.13 300.14 10.49

SD 630 | 2.68 1372.73 1375.13 0.06 113.57 2.10

s Joos [ 1 [ M ~ 5 5 5 5 5 5 5 5
Mean | 1950 | 720 | 366.33 8096.16 8103.98 0.10 202.59 0.97

SD | 355 | 2.68 66.48 2426.77 242721 0.05 151.15 3.12

5 \ 0.075 \ 22 | F N 5 5 5 5 5 5 5 5
Mean | 2608 | 600 | 183.16 1726.27 1737.92 0.74 1757.69 46.89

SD 318 | 000 84.81 589.49 588.11 0.31 578.11 14.24

s Joos [ 2 [ M ~ 5 5 5 5 5 5 5 5
Mean | 18.69 | 600 | 180.19 1613.92 1620.63 0.51 1400.19 52.68

sD | 707 | 000 | 9222 564.45 563.22 0.49 872.31 23.75

6 0.25 1 | F ~ 3 3 3 3 3 3 3 3
Mean | 23.86 | 1200 | 171274 | 5431591 5432241 0.01 159.67 4.66

SD 355 | 000 | 21.02 7432.11 7432.17 08 27.31 0.61

6 \ 025 \ 1 | M N 3 3 3 3 3 n&) 3 3
Mean | 1863 | 10.00 | 122891 | 5063549 5064481, |02 134.05 5.05

SD | 206 | 346 | 17997 9694.17 9697.75 L N7 0.00 11.67 0.88

A J

6 0.5 22 F N 3 3 3 3 \‘\\S‘\ 3 3 3
Mean | 1200 | 500 [ 179921 | 2668181 (P)B6s6.45 0.05 665.58 33.30

sD | 663 | 346 | 160538 | 2260244 | 2260420 0.07 995.29 45.91

6 | o [ 2 | M N 3 3 3 A@‘ 3 3 3 3
Mean | 1074 | 600 | 113835 | ~AQed)s 15185.39 0.04 388.51 31.55

sp | 626 | 000 | s383p d\Yoso7.30 10701.62 0.02 330.12 33.45

7 [ es [ 1 [ F ~ 5 5 5 N 5 5 5 5 5
Mean | 1158 | 1200 | sdado | 22167659 | 22168698 0.00 59.50 3.62

sp | 503 | o000y %0250 | 5745208 57454.73 0.00 26.73 1.19

7 Jes [ 1 | M N 5 ‘:(v;" 5 5 5 5 5 5
Mean | 16,89 { N3} 453255 | 19919339 | 199217.18 0.01 100.20 3.96

sD | 35357 | om298 | 4204148 4294814 0.01 52.04 115

7 [ ors [ 2 | F N ‘(l‘u 5 5 5 2 2 2 2
Mean 332 | 1440 | 572 957.94 2364.79 081 2876939 | 3534.62

N R | 537 | 12315 2046.67 NR NR NR NR

7 0.75 22 M, (¥ | s 5 5 5 5 B B 5
. CMMean | 580 | 1200 | 108027 | 235377 23542.40 0.05 1153.74 153.60

AN ] sp [ 253 [ 735 [ s 18013.07 18013.51 0.08 2023.02 269.98
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Table 15 TK parameters in cynomolgus dosed SC with Neulasta

. . . ATC R .
Growp | oy | Dy | Gender w5 | 6 | agmb) | Greogel) | Groager) B, (alkg) | (uL/mrke)
2 0.075 1 3 ~ 5 5 5 5 5 5 5 5
Mean | 2147 | 720 | 44553 | 780431 7816.64 015 | 303.07 10.15

SD 8.03 268 | 13447 | 204849 205552 0.12 97.06 265

2 Joos | 1 | M N 5 5 5 5 5 5 5 5
Mean | 2371 | 1080 | 63555 | 1370382 | 1371777 | 011 | 20019 6.13

SD 495 268 | 27547 | 497823 4980.50 0.0 54.13 239

2 Joors | 22 | F ~ 4 5 5 5 4 4 4 4
Mean | 1965 | 520 | 13202 | 134627 1688.66 055 | 151372 | 4750

SD 1192 | 179 89.17 837.96 437.15 031 | 133101 15.97

2 Joos | 2 [ M N 5 s 5 s 5 5 5 5
Mean | 2072 | 600 | 12937 | 144063 1446.95 046 | 150897 | 6179

SD 1131 | 000 6217 66543 667.75 010 | s12.68 29.44

3 | os | 1 | F N 3 3 3 3 3 3 3 3
Mean | 1491 | 1200 [ 180691 | 5987145 | 5987630 | 0.1 97.33 431

SD 517 000 | 20578 | 12573.04 | 1257152 | @O0 53.81 0.96

3 Jos | 1 | M ~ 5 5 5 5 s @5 5 5
Mean | 2459 | 800 | 157509 | 5122029 | 51233380 002 | 179.64 518

SD 428 346 | 47369 | 1392188 | 1309004 | 0.0 4158 1.67

V’
;Q

3 | o | 2 | F N 3 3 3 3 JRON 3 3 3
Mean | 1449 | 800 | os174 | 2052043 0.04 313.10 19.27

sD | 600 | 346 | 41264 | 1242680 0.02 147.96 17.66

3|0.25‘.’2|M ~ | 3 3 3 &7 3 3 3 3
Mean | 12.70 | 12.00 | 40136 [ D624 8868.56 1.16 14405.14 |  644.20

sp [ 670 | 1030 | a628q{]) To276.13 10275.14 1.01 2400261 | 1070.70

4 | os | 1 | F ~ 5 5 A 5 5 5 5 5
Mean | 1525 | 15.60 [(B675 | 18477378 | 184796.30 0.01 80.03 410

sp | 368 | 11| Ss002 | 2101702 21022.50 0.00 24.06 0.43

4 o | 1 | ™ N | s [NO] s 5 5 5 5 5
Mean | 13.5NW40 | 414678 | 18435100 | 18436050 0.01 82.49 416

sD | 46N 537 | sis43 [ 3053727 30535.36 0.00 33.31 0.70

4|0.75‘12|F _\‘!\?"5 5 5 5 5 5 5
Mean J0.13 | 1020 | 264408 | 7818164 78187.78 0.01 151.55 11.27

(| 553 | 657 | o3s7s | 3300831 3300771 0.01 95.00 5.15

4 [ ors | 2 | mqON 4 4 4 4 1 4 1 4
SO Mean [ 1055 [ 1500 [ 172144 | 5024047 50251.71 0.03 462.00 46.83

e SD | 725 | 6.00 | 106448 | 30304385 30401.66 0.03 530.11 65.86

SD: standard dev1atiol]:®“%fgpolTed

Local Tolerance

The applicant did not submit local tolerance studies (see non-clinical discussion).
Other toxicity studies

Immunogenicity studies

The presence of anti-drug antibodies in cynomolgus plasma was measured in 3 sequential steps, a
screening assay, a confirmatory assay and titer assessment. In Neulasta-treated groups, ADA were
detected in 3 males treated at 0.75 mg/kg; 2 animals were ADA-positive after the last dose (day
28), and 1 animal at the end of the recovery period (day 57). In CHS-1701-treated groups, ADA
were detected in 1 high-dose male at the end of the recovery period, in 1-mid-dose and 2 high-
dose females after the last dose and 1 high-dose female at the end of recovery. In general,
pedfilgrastim plasma concentrations were reduced in ADA-positive animals in both treatment
groups.
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2.4.5. Ecotoxicity/environmental risk assessment

The applicant provided a justification for not providing an environmental risk assessment. CHS-
1701 is a protein and therefore according to the "Guideline on the Environmental Risk Assessment
of Medicinal Products for Human Use" (EMEA/CHMP/SWP/4447/00 corr. 2*), which makes specific
reference for certain types of products such as proteins, that due to their nature they are unlikely
to result in a significant risk to the environment. In addition, with regards to the polyethylene
glycol (PEG) part of the molecule, pedfilgrastim is already being used in the same indication in an
existing marketed product and hence, no significant increase in environmental exposure is
anticipated.

2.4.6. Discussion on non-clinical aspects

The Applicant conducted a study comparing the effect of Udenyca and of Neulasta in rats given
cyclophosphamide, which induced neutropenia. Each product resulted in a granulocytic response
with no apparent difference between the two products. However, this study was not powered to
prove bioequivalence and does not contribute to the judgement about biosimil of the two
products. It was initiated after the Applicant had comparative clinical data he study had no
influence on whether the Applicant proceeded to comparative clinical te nor how that was
implemented. Nevertheless, to reduce its regulatory risk, the Appli(‘s\' nducted this study as it
is a study that was required by regulatory guidance. 0

In this testing, pedfilgrastim (Udenyca) showed effects expect@l@a long acting G-CSF and the
results presented supports its clinical use. Q

In summary, the obligations specified in regulatory gui ce for an in vivo pharmacodynamic study

O

Udenyca (CHS-1701) is being developed Q%Q)iosimilar to Neulasta. The applicant provided
comparative in vitro studies, a comparativi:('n) ivo PD study in neutropenic rats and a comparative

in neutropenic rats are met.

4-week repeated dose toxicity study in molgus monkeys. The in vivo studies would not have
been requested according to the Q@arching Guideline on Biosimilar medicinal products: non-
clinical and clinical issues. HOWG\Q the programme is in line with the currently adopted CHMP
guideline on biosimilar filgrasti

studies, the results are reka\@n for the present application since analytical similarity between the

US and EU reference pob has been shown.

Ithough the US reference product has been used in these

In the NSF-60 cell @ eration assay, CHS-1701 and Neulasta demonstrated comparable potency
against a referen andard. The binding to G-CSF receptor was evaluated using surface plasmon
resonance. The kinetic evaluation indicates that CHS-1701 and Neulasta have comparable binding
characteristics. Therefore, the small difference in PEG mass between test and reference products
(see quality section above) is shown to be irrelevant with regard to biological activity.

Pharmacodynamic responses in vivo after a single administration of CHS-1701 and Neulasta (US)
in neutropenic rats can be considered comparable based on absolute neutrophil counts in
peripheral blood as well as on myeloid:erythroid ratio in bone marrow. The pharmacodynamic
response induced by CHS-1701 and Neulasta after repeated administration in cynomolgus monkeys
can be considered comparable in animals having received the 2 lower doses; while the CHS-1701-
induced responses at the high-dose is lower. While the reason for this finding is unclear, it should
not preclude biosimilarity; since the study was conducted with an early development batch of CHS-
1701 and no such effect was observed in the PD study in neutropenic rats with the proposed
commercial material.

The toxicological profile of CHS-1701 and Neulasta (US) was evaluated in a 4-week repeated dose
toxicity study in cynomolgus monkeys. Except for the reduced PD response in females treated at
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the CHS-1701 high-dose, the findings were in general comparable between CHS-1701 and

Neulasta.

2.4.7. Conclusion on the non-clinical aspects

The pharmacologic, pharmacokinetic and toxicological characteristics of CHS-1701 were adequately

characterized. The studies support a claim for biosimilarity of Neulasta.

2.5. Clinical aspects

2.5.1.

GCP

Introduction

The Clinical trials were performed in accordance with GCP as claimed by the applicant

The applicant has provided a statement to the effect that clinical trials conduc
Community were carried out in accordance with the ethical standards of Direc

techoutside the
2001/20/EC.

Table 16: Tabular overview of clinical studies OK\g
Study No Study Objective Study Trea@\ﬁt Dosage
Population ion (batch number)
CHS-1701-01 Similarity of CHS- 78 Healthy (s‘l@le dose pre-filled 1ml glass
(Pilot study) 1701 and Neulasta volunteers é@ssover). 14 syringe of CHS-
(US) for PK, PD, (54m, 24f) ays sampling 1701: 6mg/0.6ml
immunogenicity, CHS-1701 n= onst-dose. >28 s.c. [1-FIN-1501/4-

tolerability

Neulast
eulasta(®
O

days washout

FF-767] OR
Neuslasta (US):
6mg/0.6ml s.c.

[10031324]

CHS-1701-03 Similarity of CHS- 15 Healthy (single dose pre-filled 1ml glass
1701 and Neulasta volunteers crossover). 41 syringe of CHS-
(US) for PK, PD, (70m, 46f) days sampling 1701: 6mg/0.6ml
immunogenicity&o CHS-1701 post-dose. =42 s.c. [237-102] OR
toIerabiIityQ n=107 Neulasta days washout Neuslasta (US):
(0'\ (US) n=111 6mg/0.6ml s.c.
[1048834,
,‘.\‘(\ 1048085]
CHS-1701-04 Si 'M of CHS- Healthy (two dose pre-filled 1ml glass
1@&’@ Neulasta volunteers parallel arm). syringe, 2 doses of
(US) for Total n=303 15 weeks CHS-1701
@mmunogenicity (182m, 121f) including 6mg/0.6ml s.c.
including impact of CHS-1701 screening, [237-102] OR
ADA on PK, PD; n=151 Neulasta treatment, Neuslasta (US):
tolerability (US) n=152 observation. 6mg/0.6ml s.c.
>42 days [1048085,
washout 1048834,1054829,
1055572, 1057096,
1057373]
CHS-1701-05 Similarity of CHS- Healthy (crossover, 3 pre-filled 1ml glass
1701 and Neulasta volunteers sequence, 3 syringe of CHS-
(US) for PK, PD, Total n=122 period). 24 1701: 1 dose,
immunogenicity, (87m, 35f) weeks including 6mg/0.6ml s.c.
local tolerance CHS-1701 n=96 screening, [237-103] OR
including impact of Neulasta (US) treatment, Neuslasta (US): 2
ADA on; tolerability n=111 observation. doses, each of
>28 days 6mg/0.6ml s.c.
washout [1059900]

Assessment report
EMA/552721/2018

Page 43/81



2.5.2. Pharmacokinetics

Analytical methods

Pedfilgrastim concentrations were determined using a modification of the Quantikine Human GCSF
ELISA kit (R&D Systems, Inc., Minneapolis, MN) to measure Neulasta (US) and CHS-1701 in
human K,EDTA plasma, validated according to ICH-Q6B, with a quantification range of 75 - 3000
pg/mL.

Pivotal study
PK/PD BE, Safety and Immunogenicity Study CHS-1701-05

This was a randomized, single-blind, partial reference-replicated, 3-sequence, 3-period crossover
study in healthy subjects to assess PK, PD, and safety (including immunogenicity) of a 6 mg
subcutaneous (SC) injection of CHS-1701 or a 6 mg SC dose of Neulasta given during each period.

After screening, eligible subjects were randomly assigned to 1 of 3 possible treatment sequences
(A, B, or C): In each sequence subject received a single dose of CHS-1701 in p dl,2or3anda
single dose of Neulasta in the two remaining periods. . 6

The standard therapeutic dose of pedfilgrastim was used, 6mg s.c. Neulé& (US) or CHS-1701,
regarded by the Applicant as lying below the plateau phase of dose/ W response curves. The
primary objective was to assess the biosimilarity of CHS-1701 wi}&&ulasta (US) based on
pedfilgrastim PK as AUCy.», and C,.x and PD response as meaguréd by absolute neutrophil count,
ANC, using ANCax, ANC AUCq_1ast, ANC AUC_480h- @

AUC values were calculated using the Linear Up/Log D ethod, applying the linear trapezoidal
method for any area where the concentration data a}!\ creasing (or constant) and the logarithmic
trapezoidal method for any area where the conc tion data are decreasing. AUCg o5t Was
calculated from O hour to the last time point \i(c'h a measurable concentration and AUCq., as AUC,.
last + Clast/Az, where C, is the last measu le concentration and A, the apparent first-order
terminal elimination rate constant. AUC@h was calculated using imputed values determined as
exp(o— A,x%288) if the time of the Iainserved measurable concentration was less than 288

hours. \Q

Pegdfilgrastim concentratizg&or the CHS-1701 and Neulasta were corrected for purity factors

where the reversed phas ity (% main peak) for CHS-1701 and Neulasta lots was different.

The 2 one-sided test cedure for unscaled average biosimilarity approach for partial reference-
replicated 3-trea sequence, 3-period design was used in the analysis of the PK-BE Evaluable
population. PK-BE required the 90% CI for the GMR of the IMP/RMP to be within 80% to 1259% for
AUC(., and Cpax-

Based on data from the earlier PD biosimilarity study CHS-1701-03, this study was designed with
95% power to demonstrate PD biosimilarity with 78 evaluable subjects assuming intra-subject CV
was 25% and the expected true AUCq... GMR of CHS-1701/Neulasta was 1.0 using a 90% 2-sided
confidence interval (Cl) to evaluate the GMR.

120 healthy subjects, 40 per treatment sequence would be enrolled across 4 sites, assuming
dropout rates of 25% between period 1 and 2, and 30% between period 2 and 3.

The applicant’s assumption is that 78 evaluable subjects should also provide >95% power to
demonstrate PD biosimilarity assuming intrasubject CV was 25% and ANC AUC GMR of CHS-
1701/Neulasta was 1.0 using a 90% 2-sided CI to evaluate the GMR.

A total of 122 healthy volunteers were screened and randomised 1:1:1, stratified by study site and
gender; 43 to sequence A (CHS-1701/Neulasta/Neulasta), 37 to sequence B (Neulasta/CHS-1701/
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Neulasta) and 42 into sequence C (Neulasta/Neulasta/CHS-1701). Peripheral blood samples were
drawn pre-dose and over 21 days covering more than 5 half-lives after study drug, with a sample
on day 28 following the last dose of study drug.

All subjects received the period 1 dose, 94 (77%) the period 2, 69 (57%) the period 3 dose, and
64 (53%) completed all study periods. The most common reasons for early withdrawal across all 3
sequences were subject did not meet protocol defined ANC and/or WBC criteria for dosing (8
subjects, 18.6% in Sequence A; 5 subjects, 13.5% in Sequence B; and 4 subjects, 9.5% in
Sequence C) and withdrawal by subject (5 subjects, 11.6% in Sequence A; 6 subjects, 16.2% in
Sequence B; and 4 subjects, 9.5% in Sequence C). The number of subjects who withdrew early
from the study was in line with the study design assumptions (25% between Period 1 and Period 2,
and 30% between Period 2 and Period 3). There was no apparent impact of treatment, treatment
sequence, or period on the number of subjects who withdrew early from the study or the reasons
reported. When available, the reasons provided by subjects for their decision to withdraw early
from the study appeared to be random and not related to treatment.

Key clinic visits were missed or tests not performed during the allowable wi w in 31 subjects
(25%). Subjects were predominantly White or Black/African American With@ median age of 30
years (range 18 — 45), with a male to female ratio of 2.5:1 and a mediaf\ ght of 72 kgs (range

50 — 95). @)

Pedfilgrastim concentration data pooled by treatment, Neulasta versus CHS-1701, showed
peak values of 290 versus 305 ng/ml at 18.5 to 17.6 ho r@ost s.c. injection with a rapid
elimination phase until 72 — 84 hours and then a slow elimi {n phase. Time concentration curves
suggest that drug exposure decreased over successive , although to a variable extent when
comparing test and reference products. This may b, to carry-over effects associated with too
short wash-out intervals between periods. The gﬁ% of the somewhat different PK period effects

between treatments was addressed in addition st-hoc analyses (e.g. evaluation of first period

only) confirming biosimilarity. C}
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Figure 12: CHS-1701-05: Mean pedfilgrastim concentration-Time Profile by Period for
CHS-1701
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Figure 13: CHS-1701-05: Mean pedfilgrastim concentration—TirTle&file by Period for

Neulasta (US) OK\
N

Pooled data by treatment indicated the GMR of pedfilgrastim AUé@nd Cmax for CHS-1701 versus
Neulasta (US) showed GMRs were close to 100% for all para@ters. Biosimilarity was claimed since
the 90% Cls of the GMRs for AUCq_, and C,,.x Were Withil"@-} range of 80% to 125%.

In the new established per protocol (PP) population sis, where e.g. subjects that did not meet
eligibility criteria were excluded, similar results w@achieved and confirmed above data. For
AUCO-0, the GMR was 92.8% (90% CI: 83.6, 1‘@1). For Cmax, the GMR was 100.4% (90% CI:
90.5, 111.4). As the 90% Cls for the GMRs @ UCO-o0 and Cmax were entirely within the range of
80% to 125%, BE was demonstrated be n CHS-1701 and Neulasta in terms of PK response.
These results were supportive of the ary analysis.

Earlier studies \Q

Study CHS-1701-01 . Q(b

This was a randomised{?%&?e—dose, 2-period crossover study at a single site to determine PK and
safety of a single n@ se sc of CHS-1701 compared with the Neulasta (US) in healthy subjects
with a washout i | of 228-days. The primary objective was to assess the PK profile of CHS-
1701 in healthy subjects compared with the reference product Neulasta (US) based on
pedfilgrastim C,,ax, AUCo1ast: AUCo.». Secondary objectives were to describe PD parameters using
ANC a2, ANC AUCq_,1ast, ANC AUCq_;.

The study was designed with 80% power to demonstrate for AUC and C,.x @ GMR of 0.95 with a
90% CI within 80% to 125% between test and reference products. Assuming a C.V. of 40%
between subjects, a minimum sample size of 65 subjects was required increased to 78 subjects
allowing for a 10% drop-out rate and a 10% margin for uncertainty regarding variability.

78 subjects were randomised 1:1 into each sequence at a single study site, with completion of both
study periods by 31 (80%) and 36 (92%) for sequence A (CHS-1701, Neulasta (US)) and B
(Neulasta (US), CHS-1701), respectively. A similar proportion of Black and White Americans were
recruited with a median age of 34 years (20 — 54), 30% were female, and median weight was 79
kg (50 — 106). Blood samples were drawn pre-dose and for 13 days post dose i.e. equivalent to
more than 5 half-lives. Few blood samples were missed for PK analysis but 54 of 116 (47%)
subjects missed = 2 ANC measurements primarily due to clotted and/or unusable samples.
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Pegdfilgrastim concentration data pooled by treatment and period, CHS-1701 versus Neulasta (US)
showed peak values of 181 and 128 ng/ml versus 136 and 106 ng/ml at 16 hours post s.c.
injection.

PK parameters by period and treatment showed values for period 2 were lower than period 1 for
each drug suggesting drug exposure decreased over the second cycle due to a carryover effect.
There were significant differences between the IMP and RMP due to an 11% difference in syringe
volume noted after study completion resulting in the PK profile
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Figure 14: Mean Pegfilgrastim concentration-Tim&bfile by Treatment for Period 1 —
Study CHS-1701-01 OQ
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Figure 15: Mean pedfilgrastim concentration-Time Profile by Treatment for Period 2 —
Study CHS-1701-01
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Table 17:

PK parameters by treatment period — Study CHS-1701-01

Treatment Period 1 Treatment Period 2
CHS-1701 Neulasta CHS-1701 Neulasta
PK Parameter Units (N=31 (N=36) (N =36) (N=31)

t12 Median (range) hr 33.7(194.72.2) 33.7(13.5.93.6) 35.1(5.6,92.0) 409 (21.1.954)
Toax Median (range) hr 16.0 (8. 48) 16.0 (6. 36) 16.0(10. 36) 16.0 (10. 36)
Clmx

Unadjusted GM (% CV) ng/mL 181 (85.9) 136 (116.2) 128 (129.8) 106 (116.5)

Adjusted GM (% CV) ng/'mL 163 (85.9) 136 (116.2) 116(129.8) 106 (116.5)
AUC a5t

Unadjusted GM (% CV) hr¥*ng/'mL 6584 (110.6) 5036 (123.9) 4717 (136.2) 3555(154.2)

Adjusted GM (% CV) hr¥*ng/'mL 5931 (110.6) 5036 (123.9) 4250 (136.2) 3555 (154.25)
AUCp312

Unadjusted GM (% CV) hr¥*ng/'mL 6597 (110.2) 5049 (123.3) 4851 (125.0) 4232(107.5)

Adjusted GM (% CV) hr¥*ng/'mL 5943 (110.2) 5049 (123.3) 4370 (125.0) 4232(107.5)
AUCp<w

Unadjusted GM (% CV) hr¥*ng/'mL 6602 (110.1) 5054 (123.1) 4856 (124.8) 4238 (107.3)

Adjusted GM (% CV) hr*ng/mL 5948 (110.1) 5054 (123.1) 4375 (124.8) 4238 (107.3)
Vz'F Median (range) L 43.1(5.5.570) 47.7 (8.5.739) 55.1(3.9,1025) 78.8(11.1.693)
CL/F Median (range) L'hr 0.93(0.19.7.42) 1.10(0.20. 14.1) 1.12 (0.25. 14.5) 1.13 (0.26.10.3)

CV = coefficient of variation; hr = hours; L = liters; GM = geometric mean
Source: Post-text Table 9.4.2 6

o\%
Cnax» AUC g_1ast: AUCq.» GMRSs, were all significantly outside the biosimil@/ criteria since the
upper 90% CI fell outside the boundary of 80.0 — 125.0 even after d@adjustment for syringe

volume at 114 (99.9, 131), 119 (103, 137) and 113 (99.7, 128) ctively.

Study CHS-1701-03 6\

This was a randomised, double-blind, 2-period crossove e 1 study in healthy subjects at a
single site to assess the PK, safety, and biologic acti '@)f a single sc 6 mg dose of CHS-1701
compared with Neulasta (US) with a wash out of ﬁ ays. The extended washout was designed to
allow recovery of ANC to baseline levels prior, to%a second treatment, given the carryover effect
described with pegfilgrastim and observed i pilot CHS-1701-01 study. The primary objective
was to assess the biosimilarity of CHS-1 ith Neulasta (US) based on the PK of pedfilgrastim
and the PD response as measured by . The secondary objectives were to characterise the PK

profile, safety and tolerance of CH@VOl versus Neulasta (US).

The study was designed with a@XM) power assuming a geometric mean ratio of 1.0 and a 90% 2-
sided CI within the range ) 0-1.25 for AUCq., Cmax,» ANC AUCq_; and ANC .y, Yielding a sample

*

size of 106 subjects Wi6 2% dropout/unevaluable rate to result in 47 evaluable subjects per

group. @

The 116 subjects re randomised 1:1 to each sequence at a single study site with completion of
both periods by 86% for sequence A (CHS-1701, Neulasta (US)) and 85% for sequence B. Age,
sex, race, body weight showed limited matching, median age 33 (range 18 — 49) years versus 39
(18 — 50) years, female subjects 36% versus 43%, Black subjects 35% versus 17%, body weight
76 (51 — 113) kg versus 78 (58 — 105) kg respectively. Blood samples were drawn predose and for
41 days post-dose. Protocol deviations included 5 subjects who missed day 41 sampling, 2 of
whom were withdrawn from the study.

Pedfilgrastim concentration data pooled by treatment and period, CHS-1701 versus Neulasta (US),
showed peak values of 236 and 229 ng/ml versus 219 and 235 ng/ml at 18 - 22 hours post s.c.
injection.
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Figure 17: Mean grastim concentration-Time Profile by Treatment for Period 2 —
St S-1701-03

PK parameters b riod and treatment showed a higher drug exposure overall in sequence A than
B, particularly during the first period.
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Table 18: Pharmacokinetic Pegfilgrastim Parameters by Treatment Sequence and
Period — PK Evaluable Population — Study CHS-1701-03

Treatment Period 1 Treatment Period 2
CHS-1701 Neulasta CHS-1701 Neulasta

Parameter N Mean (SD) N Mean (SD) N Mean (5D) N Mean (SD)
tiz (hr) 52 18.9(12.7) 49 24.5(15.7) 47 21.4(15.6) 51 21.2(13.6)
e (Bi1) 53 21.7(8.7) 49 183 (8.5) 49 18.1(7.9) 53 19.2(3.2)
Cox (ng/mL) 53 235.7(158.9) 49 218.5 (301.9) 49 2293 (165.3) 53 235.1(154.7)
AUCp 1ast (hr¥*ng/ml ) 53 10.141.2 (8197.7) 49 7367.3 (6874.8) 49 8945.0 (7489.5) 53 9274.7 (6901.3)
AUC o288 (hr*ng/mL) 52 10.321.6 (8206.1) 49 7403.2 (6870.5) 47 9322.0 (7460.8) 51 9610.2 (6857.9)
AUCq o (hr*ng/ml) 52 10,316 .4 (8209.4) 49 7401.3 (6865.7) 47 9318.0 (7469.3) 51 9605.9 (6860.5)
Vz/F (L) 52 53.6 (136.4) 49 75.3(97.1) 47 92.1(325.2) 51 41.9(52.0)
CL/F (L'hr) 52 1.37(2.27) 49 1.76 (1.75) 47 1.67 (3.08) 51 1.20(1.12)

AUCq-... = area under the plasma concenfration-time curve extrapolated from 0 to infinity; AUC).ue = area under the plasma concentration-time curve
extrapolated from 0 to the last measurable observation; AUCo.253 = area under the plasma concentration-time curve extrapolated from 0 to 288 hours:

CL/F = apparent systemic clearance; Cmax = maximum plasma concentration: f12 = terminal half-life; SD = standard deviation; T~ = time to maximum plasma
concentration: Vz'F = apparent volume of distribution.

Source: Table 14.2.1.7

Overall PK parameters by treatment showed mean AUCg_jat, AUCq_ogg, and AUC@ were lower for

Neulasta (US) by approximately 13%. @
Table 19: Pharmacokinetic Pegfilgrastim Parameters by Treatr@%{ Evaluable
Population — Study CHS-1701-03 O
S
CHS-1701 Neulasta N\
Parameter N Mean (SD) N Z\Ieatk(S']‘f

tyz (hr) 99 201 (14.1) 100 22007

Tmax (hr) 102 20.0 (8.5) 102 Q Y (8.3)

C e (ng/mL) 102 232.6 (161.2) 102 \O 927.1(236.0)

AUCo1: (hr*ng/mL) 102 9566.5 (7849.7) 102 8358.4 (6921.0)

AUCp 288 (hr*ng/mL) 99 9847.1 (7837.3) ’Q@ 8528.8 (6918.8)

AUC_.. (hr*ng/mL) 99 98424 (7842.9) \ 100 8525.6 (6917.5)

Vz/F (L) 99 719(2 300 100 58.3(78.9)

CL/F (L/hr) 99 1.51 (2.4 100 148 (148)

AUCp. = area under the plasma concemrarion—tmﬁgs?e extrapolated from 0 to infinity;
AUCqzx = area under the plasma concentration urve extrapolated from 0 to the last measurable
observation; AUCq1gg = area under the plasr&o ntration-time curve extrapolated from 0 to 288

hours; CL/F = apparent systemic clearanc = maximum plasma concentration; ty2 = terminal half-
life; SD = standard deviation: T =$1 aximum plasma concentration; Vz/F = apparent volume
of distribution.

Source: Table 14.2.1.5 6\0\

Geometric mean%s for CHS-1701 versus Neulasta (US) were 105.5 (90% CI 93.9 — 118.5) for
Cmax but 114.8 (102.4 — 128.8) for AUCqy.o and 112.1 (99.5 — 126.3) for AUC .5 SO only the
former was within the Applicant’s biosimilarity margin where 90% CI were within 80% - 125%.

The Applicant looked for evidence of outliers and identified six subjects including one extreme
outlier from sequence B with an AUC,_,, for Neulasta of 999 hr*ng/mL versus 25,124 hr*ng/mL for
CHS-1701—but comparable ANC responses in both periods. Exclusion of this outlier resulted in a
GMR for AUCq_, of 111.1 (90% CI: 100.2, 123.2) and Cpax of 102.4 (90% Cl: 92.0, 114.0), within
biosimilarity criteria. Root cause analysis failed to identify an explanation for this outlier so this
subject was retained within the analysis.

2.5.3. Pharmacodynamics

Analytical methods

ANC were derived from standard white cell differential counts determined at each study centre’s
clinical laboratory.
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PK/PD BE, Safety and Immunogenicity Study CHS-1701-05

The co-primary endpoints were ANC ax, ANC AUCq_,1ast, and ANC AUCq_4g0n USiNg actual times for
the parameter calculations by the linear trapezoidal/linear interpolation method. The handling of
missing values for the calculation of AUC_450n Where the last observed measurable concentration
was less than 480 hours was not explicitly stated.

The 2 one-sided tests procedure for unscaled average biosimilarity approach for partial reference-

replicated 3-treatment sequence, 3-period design was used in the analysis of the PD Evaluable
population. PD-BE was claimed if the 90% CI for the GMR fell entirely within the range of 80 to

125% for ANC AUCg_jast, ANC AUCg_ag0n, and ANCnax,, With no justification provided for this
acceptance interval.

The mean ANC count versus time curves showed a period effect for both CHS-1701 and
Neulasta (US).

Protocal CHS— 170105 Poge 1 of 1

Figure 6.4
Meon ANC by Period for CHE-1701
FO Evaluoble Population
O
k& “—H 1701 Peried 1 {N=32
—k — — k — — - CH3-1TD1 Puch?\ 2?1 @
k- A--—-- k- CHS_1701 Perind 3 (N=2§

Mean (+/— 50) Neutroprlla (1079/L}

- ——————— ; '
016 36 60 84 120 168 288 \J 480 648
Scheduled Time,
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1701-05 \Q
Poge 1 of 1
Figure 6.5
\ 200 ANC by Penod tar Newosio

PO Evaluable Populotion

) S)
6\ ————&— Neulosto Period 1 g\ :"\.3

Protocal CHS—1701-05

l**.**l Meuloslo Period 2 {N=G8
————— B-- -—- 8- Neulosto Period 3 (N=43

Mean (+/— S0) Neutrophils (10°9/L}

T , i
016 36 &0 84 120 168 288 480 a8
Schedulad Time [hr)

MNote: In the legend, N indicates the number of subjects in the PD Evoluotle Population

Figure 19: Mean ANC by period for Neulasta PD evaluable population — Study CHS
1701-05
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Summary derived ANC parameters for pooled data by treatment showed little difference between
treatment groups.

Table 20: ANC ,ox by treatment — PD evaluable population — Study CHS-1701-05
CHS-1701 Neulasta
Average
N 85 85
Mean (SD) (10° cells/L) 38.7(10.8) 39.0(11.3)
CV (%) 28.0 29.1
Median (107 cells/L) 363 363
Range 19.6.75.7 248 795

CW = coefficient of variation: SD = standard deviation.

Table 21: ANC Tax by treatment — PD evaluable population — Study CHS-1701-05
CHS-1701 Neulasta @é
Average R %
N 85 85 é\
Mean (SD) (hr*10° cells/L) 539.6(17.2) 60.9(13.9) \(\
CV (%) 28.9 228 &
Median (hr*10° cells/L) 60.0 60.0 >
Range 24.0,96.0 30.0.108.0 Q}
CV = coefficient of vanation; SD = standard deviation. QQ
Table 22: ANC AUC(_ st by treatment —@valuable population — Study CHS-1701-05
fad
CHS-1701 \)V Neulasta
6 Average
o
N 85 \U 85
Mean (SD) (hr*10° cells/L) 57 ('Qﬁ) 3863 (1488)
CV (%) Q 0 254
Median (hr*10° cellsL) C)\ 5303 5398
Range A\ 1475. 11321 3676. 9907
CV = coefficient w‘gn: SD = standard deviation.
Table 23: ANC AUC_450n by treatment — PD evaluable population — Study CHS-1701-
05
CHS-1701 Neulasta
Average
N 84 85
Mean (SD) (hr*10° cells/L) 5596 (1448) 5639 (1410)
CV (%) 259 25.0
Median (hr*10° cells/L) 5474 5301
Range 3288, 10035 3676, 9909

CV = coefficient of varation: SD = standard deviation.
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The 90% Cls for the GMRs of CHS-1701/Neulasta (US) were within the boundary of 80% to 125%
for ANC AUCs and ANC,,., Satisfying the Applicant’s pre-specified equivalence margin between
CHS -1701 and Neulasta (US) with respect to PD response. As the 95% Cls for the GMRs for ANC
AUCs and ANCmax were entirely within the range of 90% to 110%, PD BE was demonstrated
between CHS-1701 and Neulasta under more stringent criteria (EMEA/CHMP/651339/2008).

Table 24: Pharmacodynamic Pegfilgrastim Parameters ANC AUCs by Treatment —
Study CHS-1701-05

CHS-1701 Neulasta Geometric Lower Upper Lower Upper

Parameter N GLSM GLSM Mean Ratio 920% CI  90% CI  95% CI  95% CI
ANC AUC e

(hr*10°/L) 85 5516 5704 96.7 92.2 1014 914 102.4
ANC AUCqs04

(hr*10%/L) 84 5441 5451 99.8 97.7 1020 973 102.4
ANC px (10°71) 85 374 37.5 99.6 96.2 1032 955 103.9

Note: A mixed model appropriate to a partial reference-replicated. 3-way crossover design was pesformed on
logarithm-transformed PD parameters. GLSMs are the least squares means from the mixed mod &semed after back
transformation to the original scale. The 90% and 95% CIs are presented atter back transforn to the original scale.
ANC,,,. = maximum absolute neutrophil count: ANC AUC . = area under the absolute n hil count-time curve
calculated from time 0 to the last measurable observation: ANC AUC 450, = area under bsolute neutrophil count-time
curve calculated from time 0 to 480 hours: CI = confidence interval; GLSM = geou&& ast squares mear:

,b\‘r

In the new established per protocol (PP) population analysis ere e.g. subjects that did not meet

eligibility criteria were excluded, similar results were achi and confirmed above data. For ANC
AUCO-last and AUCO0-480h, the GMRs were 96.5% (90, Q: 91.5, 101.7) and 100.0% (909% CI:
97.7, 102.4), respectively. For ANCmax, the GMR %Q).?% (90% CI: 96.0, 103.5). The 90% Cls
for the GMRs for ANC AUCs and ANCmax were Qcély within the range of 80% to 125%.

X
00
Pilot Study CHS-1701-01 06

Earlier Studies

Individual time profile and mean v s for each treatment showed an increase in ANC within 24
hours of pedfilgrastim sc injec '\fr m about 3.5 x 10%/L rising to a peak around 10-fold higher at
31-35 x 10%/L by 48 — 72 h@[ibpost dose before declining to approach baseline values by day 14
(312 hours). Overall A C\ nts over time were higher in the CHS-1701 group, reflecting the
higher dose administ » By Day 29 (the day of the second dose), mean ANC had fallen to below
the original Day ine in both treatment groups. Nevertheless, there was evidence of a period
effect with higher ANC for period 2 in each treatment group.
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Figure 20: Mean ANC profile by Period for CHS-1701
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Figure 2.4 .
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Figure 21: Mean ANC profile by Period for Neulasta (US)
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Figure 22: Mean ANC profile by Treatm%ng the PD evaluable population

&

Table 25: ANC by period and t@ment — Safety population — Study CHS-1701-01
V- N
Y ANC (x 10°L)
viod 1 Period 2
Predo Predose
Sequence! Da};&ﬂoul‘ 72 Day14 Day29 Hour72 Day42
A N N - 34 38 32 23 31
Mean 7 33.94 3.96 2.50 32.85 3.88
Media @ 3.20 31.85 3.55 2.40 31.70 3.40
B N @ 38 35 36 36 34 34
Mean 3.47 31.98 441 3.14 34.83 4.49
Median 3.20 31.80 4.00 2.75 34.20 4.00

T"A = CHS-1701/Neulasta: B = Neulasta/CHS-1701
Source: Post-text Table 4.1.4
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Table 26: Mean ANC AUCO-last by period and treatment or treatment groups overall
confirmed the higher values for CHS-1701 versus Neulasta (US) — Study
CHS-1701-01

Period 1 Period 2
CHS-1701 Neulasta CHS-1701 Neulasta
N 39 39 36 32
Mean hr#10° cells/L 4723 4483 4952 4659
sD hr*10? cells/L 1119 907 1355 1284
v %o 23.7 20.2 274 27.6
Median hr#10° cells/L 4559 4439 4809 4556
Range hr#10° cells . 2825. 7857 2935, 6508 1735, 7740 480, 6550
Geometric mean hr*10? cells/L 4598 4394 4756 4353
CV Geometric mean % 239 20.6 30.7 49.0
Source: Post-text Table 4.2.7
Table 27: ANC AUC_jast by Treatment Group — Study CHS-1701-01
CHS-1701 Neulasta @6

N 75 71 WD

Mean hr*10° cells/L 4833 4563 é

SD hr*10° cells/L 1235 10@

Vv %o 25.5 A

Median hr*10° cells'L 4629 g 9510

Range hr*10° cell’L  1735,7857 @ 480. 6550

Geometric mean hr*107 cells/L 4673 b 4376

CV Geometric mean Ya 27. 1\0 354

Source: Post-text Table 4.2.8 O N

QS
o

Comparative Analysis of Pharmacod@ ic response between CHS-1701 and
Neulasta (US) KO

Study CHS-1701-01 was not po\\e to demonstrate PD equivalence and 54 of 78 (69%) subjects

were missing 2 or more ANC surements primarily due to clotted and/or unusable samples. In a
post-hoc analysis with no adjiistment made for the estimated 11% difference in pegdfilgrastim dose
administered, the 90% f the ANC AUCO-last geometric ratio for the pegfigrastim products

satisfied the App@ equivalence criterion, lying within the 80% - 125% interval.

Table 28: Analysis of ANC pharmacodynamic parameters (PD evaluable population) —
Study CHS-1701-01

CHS-1701 Neulasta
Geometric Lower Upper
Parameter N GLSM N GLSM Mean Ratio 90% CI  90% CI
AUCq 2 (hr*ng/mL) 67 4679 67 4488 104.25 90.47 109.27

Source: Post-text Table 4.2 4

Study CHS-1701-03

The descriptive presentation of neutrophil response used all 116 dosed subjects: 107 received
CHS-1701 and 111 received Neulasta (US). The PD equivalence assessment used the PD Evaluable
Set, 102 subjects. Mean ANC profiles were very similar for CHS-1701 and Neulasta (US) groups for
each treatment period and treatment group overall with less between-subject variability for ANC
than for pedfilgrastim levels. Mean ANC showed a consistent response between treatments and
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between periods, with values increasing approximately from 3.2-3.5x10°/L pre-dose to a peak of
32x10°%L between Hours 48 and 60, returning to baseline values by Day 41 after the 6-week
washout period between Treatment Periods 1 and 2.

454
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Figure 23: Mean ANC profile for Treatment Period 1 (Safety Pogu&ab%n) — Study CHS-

1701-01 &\
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Figure 24: Mean ANO&(& for Treatment Period 2 (Safety Population) — Study CHS-

1701-01.O
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Figure 25: Mean ANC profile by Treatment Group (PD Evaluable Population) — Study
CHS-1701-01
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Comparative Analysis of PD response between CHS-1701 and Neulasta (US)

Equivalence was assessed using the 102 subjects comprising the PD-BE evaluable population. In
the initial dossier the geometric mean ratios for each of ANC AUC g_jast, ANC AUC g.960, and ANC ax
satisfied the Applicant’s pre-specified biosimilarity criterion of the upper 90% CI lying within the
range 80%-125%. In responses to D120 LoQ the Applicant provided additionally more stringent PD
biosimilarity criteria (95% Cl, 90%-110%), which were satisfied in a post-hoc analysis:

Table 29: Analysis of pharmacodynamic ANC parameters by treatment (PD evaluable
population) — Study CHS-1701-03

CHS-1701 Neulasta GMR2%o 9596 CI of
Parameters [N CHS-1701/
GLSM GLSM GMR
Neulasta
ANC AUC(0-last) 102 6217.6 6121.7 101.6 (98.6, 104.6)
ANC AUC(0-960h) | 102 6188 6210.3 99.6 (97.1,102.3)
ANCmax 102 33.3 33.0 101.1 ?\(97.2, 105.2)
Note: units are 109/L for ANCmax and h* 107/L for ANC AUCs 66"

Source: CHS-1701 MAA Day 120 Ad-Hoc Analysis: CHS-1701-03, Table 14.2.2.8&\

\\(\O

2.5.1. Immunogenicity (00‘

Study CHS-1701-04 é

Immunogenicity was specifically assessed in this randamised parallel group study in 303 subjects
across 4 sites who received two doses of CHS-1701 B\ eulasta (US) with an interval of >42 days,
the second dose given to potentiate the ADA re&&e. The primary objective was to assess the
immunogenicity of CHS-1701 versus Neulasta\(' ) based on the development of neutralizing ADA
and the percent difference in incidence of t ment-emergent, confirmed-positive, titre =2
(minimum measurable titre), and persis@ ADA (primary endpoint was modified according to FDA
BLA request in post hoc CHS-1701- &R Amendment). The secondary objective was to
investigate any potential impac OQ)A on PK, PD, ANC response, and safety profile of CHS-1701.
Blood samples were drawn pr e and at intervals concluding with the end-of-study visit on Day
41 (= 3 days) after the sem@dose and subjects who were ADA positive at the Day 41 follow up
visit were followed up ey 3 months for 12 months or until levels returned to baseline. Limited
samples were drawnﬁqPD analysis at pre-dose, 8, 18, 36, 82, 96 hours, days 6, 13, 27 and
41.

An adaptive design was employed where the initial sample size estimates could be revised to
accommodate different rates of ADA. Initial estimates for 90% power to detect a true rate of 5%
for treatment-emergent, confirmed positive, titre = 1, persistent ADA response (prior to CSR
Amendment) with a 95% 1-sided upper bound of less than 10%. Immunogenicity similarity was
initially claimed to be demonstrated based on a comparable incidence of treatment-emergent
persistent ADAs with titre =1, i.e. 7.4% in the CHS-1701 arm and 3.3% in the Neulasta (US) arm
(observed upper bound of 8.8% for the difference in ADA rates below10%), as well as the absence
of neutralising ADASs in both arms. As a result of setting new ADA assays cut-offs, the difference in
the ADA incidence between the CHS-1701 and Neulasta groups however increased and the 1-sided
upper bound of the 95% CI for the rate difference between groups increased to 10.3% (11.0%
using the Exact Cl based on Exact-FM score for sensitivity analysis). This formally exceeds the
prospectively defined threshold of 10% and therefore the co-primary ADA endpoint was not met.
Due to this, the study is considered formally failed. As 10% difference was primary chosen based
on amount of patients and clinically there is no meaning of having ADA difference 8,8% vs. 10,3%
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this is an accepted difference, where not meeting this primary endpoint with new calculation is
considered to be formal.

In this study 303 subjects were randomised 1:1, stratified by clinical site, and received their initial
treatment, whilst 276 (91.1%) subjects received their Period 2 dose and 271 (89.4%) subjects
completed the Period 2 observation. A major protocol deviation occurred at Site 4 which pursued a
crossover design rather than the parallel design so all 33 of the 35 total subjects at that site who
entered period 2 received both forms of pegfilgrastim. This compromising of the interpretation and
utilisation of data was managed by inclusion in all safety analyses but exclusion from all PK, PD,
and immunogenicity analyses (except of period 1 at Site 4, which may be used also for
immunogenicity analyses). Subjects were well matched at baseline for age, median 34 (range 18 —
50 years; sex 60%:40% male:female; and body weight 77 (50 — 109) kg. Black African Americans
comprised 38% in the IMP and 32% in the RMP group.

Screening/Titer
Anti-Pegfilgrastim
positive ADA Assay

positive §
Confirmatory

(CHS-1701 | Anti-G-CSF Titer ]

competition)

positive

Characterization

Binding Specificity

NAb Assay
- PEG Competition
Anti-Pegfilgrastim
NAb Positive

‘ PEG-reactive ADA

Cross-Reactive
\
&)

Figure 26: Tiered Immunogenici&ssessment — Study CHS-1701-04

The assay development an.d&tion data, as well as the results from study CHS-1701-04 and
CHS-1701-05, demonstra at the ADA assay has comparable binding sensitivity between CHS-

1701 and Neulasta an refore is appropriate for the determination of immunogenicity similarity

between CHS—170$ Neulasta.

In the NAb assay control anti-PEG Abs were shown to inhibit pegfilgrastim (CHS-1701, Neulasta)
but not G-CSF induced cell proliferation. Drug tolerance at 150 ng/ml of murine anti-human G-CSF
is poor as judged by a Cmax of ~300 ng/ml and t¥2 ~40 hours then pedfilgrastim levels will fall
within drug tolerance limits only after 7 half-lives i.e. 284 hours (— day 12) time point. Plasma
sampling timepoints accommodate this potential limitation, day 1 (pre dose), day 11 for each
period and day 28 after last dose of study drug for the pivotal study CHS-1701-05 and predose
(day 1) and days 13, 27, 41 for the immunogenicity study CHS-1701-04. , ADA samples were
collected. Anti-PEG control Ab is sufficient to induce inhibition specific for pegfilgrastim-induced
cell proliferation (CHS-1701 and Neulasta) not G-CSF or mIL-3.

Results

In the original CSR (dated 29 July 2016), although a difference in the number of subjects who met
the definition of ADA endpoint (treatment-emergent, confirmed-positive, titer 21, and persistent)
was observed (9 [9/122; 7.4%] subjects in the CHS-1701 group and 4 [4/120; 3.3%] subjects in
the Neulasta group), the study met the primary ADA endpoint: the 1-sided upper bound of the
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95% CI for the 4.0% difference in the ADA incidence between groups was 8.8% (9.5% using the
Exact Cl based on Exact-FM score) which met the prespecified criteria of <10%.

Revisions to the original ADA assay and reporting of ADA results were requested by the FDA.

These changes resulted in an increase in the number of subjects who met the definition of the
revised ADA endpoint (treatment-emergent, confirmed-positive, titer =2, and persistent) in both
treatment groups: 12 subjects (12/122; 9.8%) in the CHS-1701 group and 6 subjects (6/120;
5.0%) in the Neulasta group.

Table 30: Comparison of the original and current ADA results for all ADA — positive
subjects (safety population) - Study CHS-1701-04

w S v -

Original Results |  Current Results
n (%)
AD A Positive (all) CHS-1701 52 (38.8) 51 (38.1)
N=134 Neulasta 41 (30.6) N 41306
PEG only CHS-1701 22(164) AN 30224
N=134 Neulasta 16(11.9) « CyYT 28 (20.9)
PEG and G-CSF CHS-1701 12 (900" 14 (10.4)
N=134 Neulasta 5 (AN 8 (6.0)
G-CSF only CHS-1701 \E‘q\‘ 0
N=134 Neulasta Y07y * 0
Mone CHS-1701 SN 18013.4) 7 (5.2)
N=134 Neulasta V‘U 19 (14.2) 5(3.7)
Table 31: Treatment — emergent ADA Incidi aan binding specificity (Safety

population) - Study CHS-1701-8

« &

CHS&)\' Neulasta Treatment | 95% CIMfor Treatment
(N= (M= 134) Difference Difference
Subj ects with ADA OV
Assessment Post Dose @ — 121 =117 Lower Tpper
(excluding suhj ects with pre- \ Eound Bound
existing ADA) ,(b‘
g;zamaﬂt'EMErgﬁﬂt *“‘E@ 39 (32.2%) | 28(23.9%) | 8.3% -3.1% 19.7%
Binding Specificity~\
PEG N
PEGIG-CEE, ‘(%) 97 4% 7 6.0%) 1.5%% -4 9% 7.8%
FEG Only, n (%) 23 (15.0%) | 17 (14.5%) 4.5% -5.0% 13.9%
G-CSF Only 0 0 0% A A
Mone, n (%) 7 (5.8%) 4 (3.4%%) 2.4% -2 9% 7.7%

The majority of subjects with treatment-emergent ADA demonstrated binding to PEG without/with
binding to G-CSF. Differences between groups were not statistically significant. No TE- ADA were
neutralising.

Impact of ADAs on PK

Pharmacokinetic data were used to assess the clinical impact of ADA by comparing PK parameters
between ADA-positive subjects and ADA-negative subjects. Analyses were performed for Period 1
and Period 2 excluding Site 004, and for Period 1 including Site 004. These analyses showed no
impact of ADA on C,ax and Cq_ast in case of presence of TE ADA.
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Table 32: PK comparison (Cmax) by ADA status (excluding site 004) - Safety
Population
CHS-1701 Neulasta
Category Statistic Period 1 Period 2 Period 1 Period 2
ADA- N 74 67 85 73
negative Mean

(SD). ng/mL

194.4 (144.1)

210.6 (156.5)

176.9 (120.1)

211.3(170.8)

(SD), ng/mL

266.1 (201.6)

137.0 (72.5)

156.2 (65.9)
N

Range, ng/mL 6. 878 1.912 9.550 19,1032
Geometric mean
(geometric 142.8 (110.6) | 152.6(134.6) | 135.0(97.5) | 153.5(105.8)
CV%)

Pre-existing N 10 7 12 7

ADA Mean

237.1 (157.9)

Range, ng/mL 59,718 64, 259 j@}:‘?’i 68, 547
Geometric mean ‘\‘O
(geometric 205.8 (90.3) 121.4 (57.2) ( ;i‘::Q.? (58.7) 196.2 (76.9)
CV%) &Q
\
Pre- N 2 3 2
existing Mean
a4 '~ 2 -
i%oited (SD). ng/mL 292.5(3.4) !&(NA) 179.5(40.9) | 327.7 (309.6)
’ Range, ng/mL 290, 295 \(D\ 162, 162 137,218 109, 547
Geometric mean
(geometric 292.5 (Q) 161.5 (NA) 176.3 (24.0) | 243.8 (163.8)
CV%) \
Treatment- N 3 5 28 28 20
emergent \~
& Mean
; L 5 259 6 (2 3 / .
ADA (SD). 110/1]JL OQIS.? (165.7) 59.6 (261.3) | 193.8 (149.5) | 208.9 (149.6)
Range, 119:)’11% 21. 651 1,1058 28,588 30,523

Geome@\ean
(eeo

156.5 (111.3)

148.8 (249.4)

141.9 (104.8)

154.9 (104.6)

Treatment- ﬂ\ 27 21 19 13
emergent Mean 224.3(163.4) | 250.4 (269.2) | 222.6 (167.3) | 251.7 (156.4)
ADAand | (gp) ne/mL

Titer =2

Range. ng/mL 31,651 1, 1058 28, 588 33.523
Geometric mean

(geometric 165.8 (102.5) | 134.8(308.9) | 163.1(107.7) | 199.1 (93.3)
CV%)
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Table 33:

PK comparison (AUCg_ast) by ADA status (excluding site 004) — Safety

Population
|
CHS-1701 Neulasta
Category Statistic Period 1 Period 2 Period 1 Period 2
ADA- N 74 67 85 73
negative !
= Mea]‘] (SD) ] 2 r a9 A . y bl
hr*ng/m 7030 (5356) | 7547 (6335) | 6424 (4869) | 7845 (7033)
Range. hr*ng/mL 171, 24343 26, 32739 405, 25328 749, 42129
Geometric mean
. 495 515 : 1652 5473
(ecometric CV%) 4950 (122) 156 (146) 4652 (109) 473 (112)
Pre-existing N 10 7 12 7
ADA -
Mean (SD). 11669 ” s (=
/ 42 5235 (25 56 (5645
hrng/mL (12829) 4880 (2842) 3 (2‘ 80) 7656 (5645)
Range. hr*ng/mL 2084, 45705 1779, 9944 1136@7 2338. 18701
- J
Geometric mean 5 . 4 oc
(geometric CV%) 7826 (114) 4188 (67) n{@ (65) 6093 (85)
Pre- N 2 O 2
existing . N
€ | Mean (SD). 11612 ) 10901
boosted | ppapo/mr (3583) 6420 %\I@' 6061 (2591) (11031)
ADA ~ N
Range. hr*ng/mL 9078, 14145 64(&419 3498, 8679 3100, 18701
: ~)
Geometric mean amm in &\ _
(eometric CV%) 11332 (32) 1< 420 (NA) 5670 (48) 7614 (201)
- Q)
Treatment- | N 35 28 28 20
emergent . ()
% Mean (SD). R ) <
ADA hrng/mL ] &)6 (7297) | 10619 (11680) | 7074 (5867) | 7620 (5274)
Range. hr*ng/mL A\U 659. 26958 12, 44539 760. 23660 | 678, 16587
Geometric me; N 5640 (129) 5464 (316) 4995 (113) | 5450 (122)
( geometric }\
Treatment- [N . )N 27 21 19 13
o« N
emergent Me }))
ADA and | ygelgamr 8799 (7228) | 10112 (12101) | 8148 (6625) | 9108 (5382)
Titer =2 N
mnge. hr*ng/mL 1014, 26958 12, 44539 760, 23660 678, 16587
Geometric mean - R ) '
(geometric CV%) 5991 (121) 4857 (397) 5745 (116) 6945 (115)
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Table 34: PK comparison (Cmax) by ADA titer — Safety Population

CHS-1701 Neulasta
Category Statistic Period 1 Period 2 Period 1 Period 2
ADA-negative | N 74 67 85 73
Mean (SD) 194.4 210.6 1A
(144.1) (156.3) 176.9 (120.1) | 211.3(170.8)
Range 6.878 1.912 9,550 19,1032
Geometric mean
; 142.8 152.6
(geometric - 135.0 (97.5) 153.5(105.8)
Vo) (110.6) (134.6)
ADA--positive, N 10 9 12 9
Titer <2 Mean (SD) 176.8 252.9
37.3 (82. 35. 3
(169.2) (2323) 137.3(82.4) | 135.6(100.3)
Range P1.537 60. 784 33.255 30. 311
Geometric mean A
(geometric (};;;) (}E% 108.% ) 103.5(95.1)
CV%) ' ! o~
ADA-positive. | N 15 12 O 14 8
Titer=2o0r4 | Mean (SD) 2347 2286 M\N .o, 1ec I
(72.1) 278603 184 (155.9) | 251.5(147.1)
Range 31,651 19. 1958 28, 543 33,478
Geometric mean \]
(geometric 177.4 (99.6) ',}) 130.1 (112.5) | 197.4 (106.2)
CV%) R -
ADA-positive, |N 14 ~ P 8 8 4
Titer=8 or 16 | Mean (SD) 2508\ 225.9 ,} .
(1%, (159.5) 191.4(99.4) | 261.7 (177.3)
Range RCIE 73.591 83.410 135.523
Geomeftric mean \d
(geometric 6)186.6 (98.6) | 189.9(67.4) | 172.5(51.1) | 226.7 (64.2)
cvee) Q
ADA-positive. | N N 6 6 6 6
Titer =32 1\.-Iean*®v 253.4 2336 257.5(169.7) | 259.9 (181.2)
RX (154.3) (313.4)
RAnge 39, 448 1, 861 123, 588 82, 547
‘ ometric mean
N . 193.4 73.5 SO ,} .
§ (C:-‘i'g?;eulc (118.6) (2112.9) 223.2 (60.2) 209.6 (84.3)
A0
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Table 35:

PK comparison (AUCg_ast) by ADA titer — Safety Population

CHS-1701 Neulasta
Category Statistic Period 1 Period 2 Period 1 Period 2
ADA-negative | N 74 67 85 73
Mean (SD) 7030 (5356) | 7547 (6335) | 6424 (4869) | 7845 (7033
Range 171. 24343 26. 32739 405. 25328 749. 42129
Geometric mean 4950 (122) 5156 (146) 4652 (109) 5473 (112)
(geometric CV%)
ADA-positive, | N 10 9 12 9
Titer <2 Mean (SD) 6700 (7340) 10221 4820 (3066) | 5012 (3876)
(10338)
Range 659.21520 | 1779.30881 1136. 9137 991. 11249
Geometric mean 4119 (142) 6316 (146) 36?6@@) 3686 (105)
(geometric CV%) X %)
.. o 5 ) M
ADA-positive, | N 15 12 o 14 8
Titer=20r4 | \fean (SD) 9013 (7336) | 9161 (12072)K 7230 (6704) | 8735 (5277)
Range 1014. 26958 1063.44¢$§> 760. 23660 678. 16587
Geometric mean 6353 (117) 52204N49) 4832 (126) 6415 (140)
(geometric CV%) O\
<2
ADA-positive, | N 4 N s 8 4
Titer =8 or 16 | \reap (SD) 11223;5) 8470 (6611) | 6280 (3352) | 7904 (4927)
(11898
Range 5§2$%is705 2267.23784 | 3287,13776 | 3662, 14881
Geometric mean 0‘7{34 (130) 6863 (76) 5679 (49) 6897 (65)
(geometric CVIghY
ADA-positive, | N N Y 6 6 6 6
Titer = 32 h&ean(s:gﬁf' 9410 (5799) 10302 8597 (6269) | 9898 (6771)
RS (15060)
1347. 14934 12. 40603 2988.20349 | 2703, 18701

eomefric mean
(geometric CV%)

7054 (126)

2605 (4654)

7012 (79)

7678 (100)

Impact of ADAs on PD

There was no increase in derived PD parameters to match the evidence of increased drug exposure
with ADA boosted subjects but some evidence that subjects with emergent ADAs had lower ANC .«
and ANC AUC than ADA negative subjects in both periods but only for CHS-1701. This trend was

however not confirmed in the pivotal 05 study and it is not a concern.
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Geometric mean
(geometric CV%)

30.6 (28.6)

323 (26.7)

32.1(26.4)

Table 36: PD comparison of ANCmax by ADA status (excluding site 004) — Safety
Population
CHS-1701 Neulasta
Category Statistic Period 1 Period 2 Period 1 Period 2
ADA-negative N 83 75 93 82
Mean (SD). x10°/L 31.9(9.2) 33.4(8.9) 33.1(8.5) 33.7(9.6)
Range, x 10°/L 16, 57 17, 63 17,54 14, 62

32.4(29.1)

Treatment- N 39 37 28 27
emergent ADA [y poon (SD), x10°L | 30.8 (12.2) 29.1(10.9) 32.4(8.3) 35.8 (10.0)
Range, * 10°7L 15, 88 8,71 20, 59 21,67
GCOI’IIC‘.I'iC mean
292 (32 27.3 (3 3 29N\3 34.6 (2
(scometric CV%) 29.2 (32.0) 27.3 (38.7) 314 (jé; 34.6 (26.5)
.9
N
Table 37: PD comparison of ANC AUCO-last by ADA statu \ngety Population
CHs-1701 O Neulasta
Category Statistic Period 1 Q‘& 2 Period 1 Period 2
ADA-negative N 83 O35 93 82
Mean (SD), he*10°L | 6766 (2679)~JC)B671 (1604) 6749 (1988) 6804 (2241)
N
Range, hr*10°/L 3310, 25024\ 4075, 12277 239, 11019 2718, 18947
Geometric mean - N - .
(geometric CV%) 64;&('_ ) 6499 (23) 6232 (57) 6503 (30)
Treatment- N W 37 28 27
emergent ADA [ Mean (SD), hr*10”L [ (3990 (1934) 6336 (3633) 6698 (1558) 6955 (1819)
Range, hr*10°/L A\\J 3229, 13756 3138, 25716 4322, 9833 4741, 10568
Geometric me \e
26 2
(scometric (,‘%’ 5740 (29) 5818 (39) 6526 (24) 6739 (26)
o\Q
‘\C)
Assessment report
EMA/552721/2018 Page 64/81



All Subjects with Treatment-emergent ADA
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Figure 27: Scatter pl QPD parameters by treatment group and period for ADA-
negati é\Q‘? subjects who had treatment-emergent ADA — Safety
Pop n

Impact on safety and tolerability

Safety comparisons were conducted for all ADA positive versus negative subjects. A similar
incidence of AEs at 87.9% and 90.9% respectively, was observed. The types of AEs were similar in
each group save an excess of backache but a lower rate of pain in extremities and musculoskeletal
pain in ADA positive versus negative subjects.

Local injection site reactions occurred at a similar frequency in ADA negative versus ADA positive
subjects after both administrations but, independently of ADA status, they were somewhat higher
in the CHS-1701 group. Differences were not statistically significant.

A single subject had a mild hypersensitivity reaction ~ 1 hour after the 2nd dose but was ADA
negative at the time and at all preceding time-points, but positive for ADA (no titre) after the
reaction. These data suggest the hypersensitivity reaction was not associated with ADA.
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Study CHS-1701-05

Four (3.3%) subjects had pre-existing ADA at baseline and 39 (33.3%) subjects had treatment
emergent ADA after treatment with CHS-1701 and/or Neulasta. The percentage of subjects with
treatment-emergent ADA was similar between treatments by period: 31.6% of subjects developed
ADA after the first dose of study drug (28.6% of subjects in Sequence A [CHS-1701] and 33.3% of
subjects in Sequences B and C [Neulasta]). Analyses indicate that the PK period effect was not
caused by a differential ADA effect.

Study CHS-1701-03

Analysis of ADA focussed on Period 1 (Days 1 through 41) to mitigate the confounding effects of
the crossover design. Binding Abs were detected at baseline in 8/58 (13.8%) subjects in the CHS-
1701 group and 3/58 (5%) in the Neulasta (US) group. Treatment-emergent binding ADAs were
detected in Period 1 in 15/50 (30.0%) after CHS-1701 and 18/52 (34.6%) after Neulasta (US).
Target specificity was determined for G-CSF and PEG. All ADA-positive samples were tested in the
Nab assay: no treatment-emergent Nabs were identified. 6

Study CHS-1701-01 (%)

In this pilot study, binding ADAs were present at baseline in 1/39 (2.6% \he CHS-1701 group,
with treatment-emergent ADAs detected at the end of period 1 in 6/ .2%) after CHS-1701
and 3/39 (7.7%) after Neulasta (US). Target specificity was deterr@ d for G-CSF and PEG.

2.5.2. Discussion on clinical pharmacology Q}

Evidence of biosimilarity is presented for CHS-1701 a ‘@ asta (US) only, in contrast to the
advice to carry out a clinical bridging study “to comp at least once clinical PK and (or) PD data
of all three products”. Specifically,” to perform @ast a single) three arm clinical PK/PD bridging
trial investigating an (about) 2 mg dose of CHQ—' 701, Neulasta EU sourced and Neulasta US
sourced prior to granting an MA for CHS-1 ithin the EU (EMA/CHMP/SAWP/269883 /2016). It
is acknowledged that such a study is no@ ndatory if there is compelling evidence from the quality
perspective that the US RMP is repr Qative of the EU RMP. The analytical and functional
comparability exercise between th Eg and EU RMP enables the Applicant to demonstrate that the
two reference products are hi imilar (see Quality part). It is therefore considered acceptable

to use the US RMP in the cTi@l programme.

All these PK studies us@ fixed dose of 6mg pedfilgrastim throughout, i.e. the therapeutic dose. It
was previously a&‘hat using a 2-3mg pedgfigrastim dose should ensure the dose level was on
the linear more seRsitive part of the dose-PK and/or PD relation/curve. This was further
recommended in later scientific advice, EMA/CHMP/SAWP/269883 /2016. The Applicant however
justified the 6mg dose. Supportive evidence with different doses in pre-clinical rat model has been
also provided.

PK studies were carried out in healthy volunteers who are regarded as an adequate population to
compare PD effects of the test and reference as per the Annex to the Guideline
EMEA/CHMP/BMWP/42832/2005 Revl (EMEA/CHMP/BMWP/31329/2005). Healthy volunteers are
likely to be less heterogeneous for the PK and PD response; their selection is also appropriate given
the known safety profile of pegfilgrastim with the most common adverse reactions being bone pain
and pain in the extremities. Furthermore, they are the most sensitive population to test for
antibody developed as opposed to immunosuppressed patients. A strategy of recruiting a narrow
range of healthy subjects to reduce the risk of inter-subject variability has not been adopted even
for the parallel arm immunogenicity study. At baseline subjects appeared well matched between
treatment arms. Both sexes were recruited and subjects showed a wide range of age, body weight
(50 kg — 113 kg) and BMI.
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Due to well-known high inter-subject variability, the preferred approach of a cross-over design was
used for PK/PD comparison while a parallel design was used for immunogenicity comparison. In
addition, study CHS-1701-05 investigated intra-subject variability across 2 doses of Neulasta (US).
A randomized, single-blind, partial reference-replicated, 3-sequence, 3-period crossover study
design was used. This approach requires fewer subjects than a 2-way crossover but relies on there
being no substantial carry-over or sequence effects.

Subsequently, the two one-sided tests procedure for unscaled average biosimilarity approach was
to be used again as it was considered that the study conditions had sufficiently decreased intra-
subject variability. However, it is known that with repeated administrations of pegdfilgrastim, the
expansion of neutrophil and neutrophil precursor mass increases resulting in increased drug
clearance and lower drug exposure. Therefore, a crossover design has the risk of a carryover effect
if the washout period is not long enough. Indeed, studies CHS-1701-01 and CHS-1701-05 showed
a period effect for both CHS-1701 and Neulasta (US) with decreasing plasma concentrations from
period 1 to 2 and 3 regardless of the order of treatments administered. Little period effect was
evident in study CHS-1701-03 and CHS-1701-04, which had a longer washout pgriod between
doses of 6 versus 4 weeks. The following post hoc analyses were conducted: ¢ rison in PK in
period 1 only, in study 05 alone and pooling data with study 03; comparin rimary PK analysis
with and without inclusion of a variable for the period effect; analysis of yO5asa2x?2
design; comparison of the effect of CHS-1701 or Neulasta on the P e of the next subsequent

dose regardless of period; evaluation of treatment by period inter
dosing interval; and analysis of PK BE by gender. The analysis o%e impact of ADA on PK
bioequivalence used the results from the re-analysis of ADA @&erated by the revised cutpoints.

; analysis of PK BE by

A commercially available ELISA kit with a neutralising a SF mAb as capture reagent together
with polyclonal anti-G-CSF is used to determine pegfﬂ@stim over clinically relevant plasma
concentrations. Assay characteristics are acceptal@including intra- and inter-assay precision,
accuracy, total error, specificity, selectivity, dilution linearity and stability. There are potential
effects of haemolysis and lipaemia on the cgygacy of the assay at low concentrations of
pedfilgrastim but neither affected the pr@ y PK endpoints in the healthy volunteer studies.

The peak plasma concentration of Q)roduct occurred at around 16 hours post administration
with a rapid elimination phase L\tl 2 to 96 hours and a slow elimination phase thereafter.

The PK-BE trial (study CHS~ -05) performed by the Applicant showed PK equivalence between
CHS-1701 and Neulasta* @.Earlier studies failed to demonstrated PK similarity. In the pilot study
CHS-1701-01, the 20 o difference in primary PK parameters was greater than the 11% excess
in CH-1701 dose, a n analysis presented by the Applicant suggests that disparity is due to the
disproportionate effect on PK at this part of dose/PK response curve (exposure to pedfilgrastim
increases in more than a dose-proportional manner). There is a statistically significant impact of
race on PK in study CHS-17010-03, where Cmax and AUCO-inf are 50% & 70% higher in Black vs
non-Black Americans for both CHS-1701 and Neulasta in period 1. In period 2, Cmax and AUCO-inf
are 40% - 50% & 50% - 90% higher in Black vs non-Black Americans depending on the CHS-1701
or Neulasta treatment group. There is an unexplained difference in CV% in study CHS-1701-03 in
the Neulasta/CHS-1701 arm where Black Americans have a much lower CV% than Non-Black
Americans in period 1 Neulasta for both Cmax (37% vs 155%) and AUCO-inf (37% vs 104%).
Accordingly, race was included as a variable in post-hoc analyses of PK and PD parameters.

Tightening up study subject selection criteria and procedures and additional PK sampling time
points in study CHS-1701-05 was associated with intra-subject CVs of Neulasta (US) vs.
Neulasta (US) <40% for AUCg_jast, AUCp 588, AUC(_w, and C . Study CHS-1701-05 met
biosimilarity criteria for the recommended primary PK parameters (AUCO-t, AUCy_, and Cpx in a
comparative analysis showing GMRs CHS-1701/Neulasta (US) close to 100% and their 90% Cls
entirely contained within the range of 80% t0125%. This reduction in variability is attributed to
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improved standardisation of study drug administration within and across study sites, supporting by
increased monitoring by the applicant.

The absolute neutrophil count (ANC) is a well-established marker for activity in healthy subjects
consistent with pegfilgrastim’s mechanism of action. The parameters of ANC max and ANC AUC are
endorsed in general. In the crossover trials, a possible carryover effect has been observed, which
was systematically addressed in post hoc analyses. In the two main trials, CHS-1701-3 and CHS-
1701-5, ANC curves appeared comparable and the GMRs for the different parameters were close to
100%. PD comparability was demonstrated using the Applicant’s criteria (90% CI in 80-125%
limits) as well as more stringent criteria in a post-hoc analysis (95% CI in 90-110% limits).

In the crossover trials, a possible PD carryover effect has been observed, which was systematically
addressed and resolved in post hoc analyses. In the two PD-BE trials, CHS-1701-3 and CHS-1701-
5, ANC curves appeared comparable and the GMRs for the different PD parameters were close to
100%. PD comparability was demonstrated using the Applicant’s criteria (90% CI in 80-125%
limits) as well as more stringent criteria in a post-hoc analysis (95% CI in 90-110% limits). ANC
was the only analyte presented for PD parameters. CD34+cell count as addition arameter could
have contributed to a better understanding of sufficiency of wash-out period @ryover effects and
influence on PK period effect. However, CD34+ cell data are considered s#@rtive for
pedfilgrastim and due to this fact may be omitted if the biosimilarity is @ citly shown in the
primary PD endpoint (ANC counts). 0’\'

Several questions were raised with regard to the ADA assay and% immunogenicity data. CHMP
agreed that biosimilarity was demonstrated on immunogenigityNevel as well.

The main discussion was based on a trend for higher p immunogenicity of CHS-1701 in the
dedicated immunogenicity study CHS-1701-04. This\@lt was however counterbalanced by the
results of the other studies. Combining the ADA re@lts from Study 04 with those from period 1 of
studies 03 and 05 showed very similar overal L ABA frequency for test and reference. Additionally, it
was shown that the ADA assay, which uses é—l?Ol as antigen, may have favoured Neulasta.
ADAs were primarily directed against th& part of the molecule with no clinical relevance
regarding PK, PD or safety and no ne@ 1sing ADAs were observed. Therefore, slightly exceeding
the pre-specified non-inferiority m? for ADA incidence in study 04 was considered acceptable
by CHMP. Finally, using the ne say cut point as requested by FDA resulted in some of the
results of the pivotal trlal onsidered invalid because 3 plates did not meet quality control
acceptance criteria. Ho&(ej a sensitivity analysis counting unreliable values as ADA positive

showed that this had pact on the demonstration of biosimilarity regarding immunogenicity.

With regard to t pact of ADA on PK/PD similarity using the results from the re-analysis of ADA
generated by the revised cut points, the PK assessment of the pivotal trial study CHS-1701-05 has
undergone several revisions. The analysis conducted using only ADA-negative subjects (n=55),
excluding all ADA-positive subjects based on the revised ADA assay cut points confirmed previously
obtained results indicating that the presence of ADA did not significantly affect the study CHS-
1701-05 conclusion. There was no significant impact of ADA status on the demonstration of PK or
PD bioequivalence between CHS-1701 and Neulasta when ADA negative subjects are analysed.

2.5.3. Conclusions on clinical pharmacology

Clinical pharmacology data are adequate and support biosimilarity of Udenyca to Neulasta.
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2.6. Clinical efficacy

2.6.1. Dose response study(ies)

No dose response studies were submitted (see clinical efficacy discussion).
2.6.2. Main study(ies)

No efficacy/safety studies were submitted (see clinical efficacy discussion).
2.6.3. Discussion on clinical efficacy

No efficacy/safety studies were submitted by the applicant. For a biosimilar candidate to a G-CSF,
pivotal evidence for similar efficacy can be derived from the similarity in physicochemical,
functional, pharmacokinetic and pharmacodynamic comparisons as described in the guideline.
Therefore, a dedicated comparative efficacy trial is not considered necessary.

The adopted Guidance on Similar Medicinal Products Containing Recombinant ulocyte-Colony
Stimulating Factor EMEA/CHMP/BMWP/31329/2005 recommends performal of efficacy studies
preferentially in prophylaxis of severe neutropenia after cytotoxic chem rapy in a homogenous
patient group. An alternative that has been performed by the applic a performance of PD
studies in healthy volunteers. This strategy should according to t egfted Guidance be consulted
in Scientific Advice. The Applicant sought 3 scientific advices ailbhtioned in Section 1.1.

PD biosimilarity testing is a supported strategy in the ong evision of EMEA/CHMP/31329/2005
(Rev 1.), which states that “pivotal evidence for simila cy will be derived from the similarity
demonstrated in physicochemical, functional, pharm}\ inetic and pharmacodynamic
comparisons.” This updated draft Guideline also s that “a dedicated comparative efficacy trial
is therefore not considered necessary.” \

Applicants approach to demonstrate onléﬂg»%osimilarity in healthy donors instead of a full clinical
efficacy biosimilarity study is support

No dose response studies have pbeép)performed. In all studies fixed dosing of 6 mg pedfilgrastim
was used. In principle not appl le, or needed, for an (intended) bio-similar for which the dose(s)
in the indication(s) can be ‘f@fd in the SmPC of the reference product.

*

2.6.4. Conclusi@on the clinical efficacy

The CHMP conclu$that on the basis of demonstrated biosimilarity efficacy data of Neulasta are
applicable to Udenyca. The efficacy information of Udenyca SmPC is aligned with the Neulasta
SmPC.

2.7. Clinical safety

All four clinical studies in healthy adult volunteers (CHS-1701-01, CHS-1701-03, CHS-1701-04,
CHS-1701-05) contributed to the assessment of safety.

Routine safety assessments included AE reports, collection of concomitant medications, vital signs,
physical examination, serum chemistries, hematology, and ECG; assessment of the severity of any
adverse events and their relationship to IMP and pregnancies. Haematology and clinical chemistry
analysis was performed at local laboratories whilst immunogenicity testing occurred at a central
laboratory.
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Separate listings and tabulations of AEs by antibody status were also generated for CHS-1701-04
in addition to the standard safety analyses. Analyses to assess the impact of ADA on safety

variables used the safety population.

Patient exposure

Table 38: Safety Population and Exposure

Study Population N Days of Exposure Patient-years
CHS-1701-01 Healthy volunteers 75 56 0.15
CHS-1701-03 Healthy volunteers 107 84 0.23
CHS-1701-04 Healthy volunteers 168 105 0.29
CHS-1701-05 Healthy volunteers 96 140* 0.38
Total Healthy Volunteers 446 385 ib 1.05

*Midpoint (16 — 24 weeks per patient depending on interval between doses). {\6‘0

O
The safety population comprised all healthy volunteers from cIinica&adies who received at least
one dose of investigational medicinal product (IMP). Demograph@haracteristics were generally
similar between the Udenyca and Neulasta (US) groups in t
were predominantly male (63.3%), white (59.3%) and n r Hispanic nor Latino (74.6%) with a
mean age of 34 years and mean BMI 26 kg/m?. \Oi\

Study Drug Administration irr@b)oled CHS-1701 Analysis Set — Safety
Population

oled analyses. Healthy subjects

Table 39:

;@A 701 Neulasta

Period1 \Period 2 Period 3 Period 1 Period 2 Period 3

N=29]f§ N=251 N=26 N=328 N=289 N=43
Entered the 291 []@9{ 251 (100.0) 26 (100.0) 328 (100.0) | 289(100.0) | 43 (100.0)
treatment period . C)\

AN

Completed the @‘S_}S (87.6) 242 (96.4) 24(92.3) 285 (86.9) 264 (91.3) 40 (93.0)
treatment period@‘

Adverse events
A total of 778/907 (85%) of subjects had any TEAE, most of which were suspected of being related
to study drug administration.

Table 40: Total TEAEs

CHS-1701 Neulasta (US)

TEAEs 377/446 (85%) 401/461 (87%)

TEAEs suspected due to study drug 363/446 (81%) 378 (82%)

Most TEAEs occurred during the first 14 hours post-dosing. No period effects were observed

Assessment report
EMA/552721/2018

Page 70/81



Table 41: Adverse Events with incidence =2% in any treatment by treatment at

onset by system organ class and preferred term — Safety Population

feulasta
System Organ Class (N=461)
Preferred Term n (%)
378 ( 84.8) 401 ( 87.0)
73 108
30 6.7) 43
16 ( 3.6) 23
15 ( 3.4 17 (
12 { 2.7) 15 {
1 disorders and administration site conditions 73 77
44 ( 9.9) 34 7.4)
Non-cardiac chest pain g { 2.0) 11 ( Z2.4)
11 2.5 17 ( 3.7)
disorders 322 325
254 258
oskeletal chest pain EE { EE E
Myalgia 16 ( 17
Musculoskeletal pain 16 | N
Muscle spasms 13
Pain in jaw 7 {
9
The most common SOCs by treatment at onset, for both Udenyca al lasta (US), were
musculoskeletal and connective tissue disorders (72.2%; 70.5%), pritharily back pain (57%o,

56.2%), headache (48.2%, 52.7%); nervous system disorders (@8%; 54.9%) and gastro-
intestinal disorders (16.4%; 23%) respectively. @0&
Table 42: Summary of Most Frequently ReS}SPed Related Treatment-Emergent

Adverse Events per Investiga =10% incidence in either treatment
group) by Treatment and Fi,&e' rred Term at Onset — Safety Population

AN
6\) CHS-1701 Neulasta
O (N = 446) (N = 461)
K n (%) n (%)

Subjects with study drug 1{}\}Nd§'EAEs per investigator 363 (81.4) 377 (81.8)

Preferred term X r.\Q
Back pain h\\’ 251 (56.3) 256 (55.5)
Hcadac&:\@ 202 (45.3) 231 (50.1)
Pain in ex¥remity 60 (13.5) 69 (15.0)
Arthralgia 57(12.8) 64 (13.9)
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Table 43:

Serious adverse event/deaths/other significant events

CHS-1701 Neulasta
(N =46) (N =461)
n (%) n (%)
Subjects with any TEAE 378 (84.8) 401 (87.0)
Mild 173 (38.8) 172 (37.3)
Moderate 189 (42.4) 211 (45.8)
Severe 16 (3.6) 16(3.5)
Life-threatening 0 2{0.4)
Severe TEAE: (preferred term)
Headache 4 (0.9) 5(1.1)
Back pain EN (U 6(1.3)
Pain in extremity 2(04) N 1(0.2)
Hemoglobin decreased 2 (0.4) o0 o
<
Neutrophil count decreased 1(0.2 R 1(0.2)
Hematocrit decreased 1(0.2) A ) 0
Lenkaemoid reaction 1 (ﬂ.El{“\' i 0
Neutropenid 100 0
Nausea A@OE] 0
Tooth abscess 0\01 (0.2 ]
Alamnine anunotransferasze increased \U 1({0.2 0
Neck pain - 1(0.2 0
Qo
Musculoskeletal chest pain A 1(0.2 0
S
Flank pain }@ 1(0.2 0
Syncope (OV 1{02 0
. \3
Hypotension N\ Q 1(0.2 0
Blood creatine phuspya@}x increased 0 204
e K\ ;
Arhralgia L C) 0 1(0.2)
Localized i 0 1(0.2)
ConcussigAN" 0 1(02)
L:ife-threatem\'ug TEAE: (preferred term)
Injury 0 1{0.2)
Stab wound 0 1{0.2)

There were no serious adverse events leading to death in any of the integrated CHS-1701 studies.
There were 2 TEAEs considered life threating, both reported in the Neulasta (US) group but neither

was considered related to study drug.

Adverse Events of Special Interest

The following potentially reported AEs were designated to be assessed additionally as AEs of special

interest (AESI):

= Serious allergic reactions, including anaphylaxis
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= Symptomatic splenic enlargement and risk of splenic rupture
= Leukocytosis (WBC >100x109/L)

= Severe sickle cell crises

= Acute respiratory distress syndrome (ARDS)

« Cytokine release/capillary leak syndromes

Serious allergic reactions occurred once in the CHS-1701-01 study. Two subjects had mild
hypersensitivity reactions, each attributed to the study drug, which was Udenyca, but in one case
administered after Neulasta.

Local injection site reactions in the immunogenicity study CHS-1701-04 seemed to be more
common after Udenyca than Neulasta (US) for period 1 and for period 2. However this was not a
statistically significant difference and the opposite trend was observed in study CHS-1701-05.

One subject had a leukaemoid reaction, one had leucocytosis (103 x10°L), and two subjects
developed splenomegaly attributed to Udenyca. However, abdominal pai@ ssibly reflecting
splenic involvement, occurred with similar frequency after the two product.s%

No severe sickle cell crises occurred. é
No acute respiratory distress syndrome (ARDS) episodes were noteé\'

Three subjects had symptoms described as possible cytol(me release syndrome/capillary leak

syndrome in study CHS-1701-04 attributed to the study , one associated with CHS-1701 and
two with Neulasta (US). They required symptomatic tr nt only and this did not interfere with
study drug administration. \

O

)

Laboratory findings

Table 44: Haematological Shifts Normal at Baseline to Worst Post-baseline
Value O
N
’({M‘f'{)l Neulasta
ON=446 N—461
,.\Q n (%) n (%)
St
6 oW High Low High
@
\v
ANC && 221 (49.6) 2(04) 217 (47.1) 5(1.1)
WBC 152 (34.1) 1(0.2) 156 (33.8) 6(1.3)
Platelets 106 (23.8) 3(0.7) 109 (23.6) 3(0.7)

In study CHS-1701-04 there were 5 subjects where ANC counts at 2nd baseline values prior to
Period 2 were lower than baseline, precluding redosing.
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Table 45:

Chemistry Shifts from Normal at Baseline to Worst Post-baseline Value

CHS-1701 Neulasta
N=446 N=461
n (%) n (%)
Low High Low High
Creatine kinase 0 75 (16.8) 1(0.2) 68 (14.8)
ALT 0 59(13.2) 0 64 (13.9)
AST 0 31 (7.0 0 28 (6.1)

Safety in special populations

Male / Female

|n extremity

Females had a higher incidence of severe TEAEs; headache, back pain, and %/
al of study drug.

versus males but there was no difference in SAEs or TEAEs leading to W|t

Whites and non-Whites had a similar overall TEAE incidence in b@eatment groups.

No Elderly were included in healthy volunteers studied. Q

Race

Elderly

Safety related to drug-drug interacti@s and other interactions

No human or animal studies investigated poétial effects of drug-drug interactions with Udenyca.
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Discontinuation due to adverse events

Table 46: Discontinuation due to adverse events
CHS-1701 Nenlasta
(¥ = 446) ¥ =461)
n (%6) n (%0)
Subjects with TEAEs leading to premature discontinuation 1022) 10 (2.2)
Preferred term; n
Abdominal pain 2 (Related) 0
Abdominal pain vpper 0 1 (Possibly related)
Rash 1 (Related) 0
Anemia 1 1
Tooth abscess 1 1
Localized infection ] N 1
Herpes zoster 1 Op 0
Enjury 0 {9 1
N3
Pelvic inflammatory disease i O 0
Stab wouad 0\\}'\ 1
Conjunctivitis KA 0
. N
Pyrexia {.\6 0 1
Irritable bowel N 1
syndrome \

ATT/AST increased r\\ 0 1 (Belated)
Wentrophil count decreased . Q\J 1 1
Blood creatinine phosphokinase increased ()~ 1 0

ATT = Alanine ammotransferase; AST =

©

TEAE = treatment-emergent adverse event

Ten (2.2%) subjects in each tr g’nt group had TEAEs which lead to premature discontinuation
of study drug, including 5 s s where TEAEs were deemed likely to be related to the study

drug, 3 for Udenyca (2 a@ﬂnal pain, 1 rash) and 2 for Neulasta (US) (upper abdominal pain,

ALT/AST increase).
Post market@experience
There is no post-marketing experience with Udenyca.

2.7.1. Discussion on clinical safety

Data were limited to studies in healthy volunteers receiving one or two doses of Udenyca. This is
acceptable in the development of a biosimilar G-CSF since adverse events related to exaggerated

pharmacological effects (e.g., leukocytosis, splenomegaly) can be expected at similar frequencies if

functional, PK and PD profiles can be demonstrated to be comparable. Demographic characteristics

were generally similar between the Udenyca and Neulasta (US) groups in the pooled analyses.

In these studies, the overall safety profile of Udenyca and Neulasta (US) appeared comparable with

similar incidences of the most common adverse drug reactions (musculoskeletal pain, headache).

The most common ADRs in both treatment groups included back pain, headache, pain in extremity,

and arthralgia. They are common to the G-CSF class of medicinal product.
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The majority of ADRs were generally mild to moderate in severity. No particular cause for concern
was identified.

In addition no clinically meaningful trends or safety concerns in the pooled analyses were identified
with respect to intrinsic factors examined (male versus female and race).

In terms of adverse events of special interest, their incidence was low and imbalance in the events
of splenomegaly and leucocytosis between Udenyca and Neulasta, which can be attributed to
exaggerated pharmacological effect, was likely a chance finding as no systematic increase in the
ANC response was observed in the studies.

There were no clinically meaningful shifts in any haematological or chemistry parameter other than
the expected increase in ANC due to the pharmacological effects of pegfilgrastim. Similar
proportions of Udenyca and Neulasta (US) study groups showed shifts from normal at baseline to
worst post-baseline value.

There were no laboratory indications of concern. The laboratory data supported similarity between

Udenyca and Neulasta (US). 6

Overall, adverse reactions reported in the studies were in line with the n safety profile of
Neulasta, as described in its SmPC. The safety information of Udenyc \JC is fully aligned with
the Neulasta SmPC. The list of safety concerns of the RMP of Uden is"also fully aligned with the
one of Neulasta. 0

o

2.7.2. Conclusions on the clinical safety Q}

Udenyca displayed a similar safety profile to Neulasta % unexpected or significant safety
findings. The safety profile of Udenyca was consisten th the well-characterized mode-of-action
of pedfilgrastim. There were no clinically releva @erences in the incidence, frequency, or
duration of TEAEs between Udenyca and Neub\s'§

The available safety data support biosimi @y between Udenyca and Neulasta. The safety
information in Udenyca SmPC is fully atigried with the Neulasta SmPC.

2.8. Risk Management KI&

4
Safety concerns | ()\
N\

Summary of safe@ cerns
y -

Important identif&‘risks e Severe splenomegaly/splenic rupture

e Cutaneous vasculitis

e Sweet's syndrome

e Anaphylactic reaction and hypersensitivity reactions
e Capillary leak syndrome

e Serious pulmonary adverse events (including

e interstitial pneumonia and ARDS)

e Sickle cell crisis in patients with sickle cell disease
e Musculoskeletal pain-related symptoms

e lLeukocytosis

e Thrombocytopenia

e Glomerulonephritis

Important potential risks e AML/MDS
e Cytokine release syndrome
e Medication errors including overdose

Assessment report
EMA/552721/2018 Page 76/81



Summary of safety concerns

e Drug interaction with lithium

e Off-label use

e Immunogenicity (incidence and clinical implications
e of anti-pedfilgrastim antibodies)

o Extramedullary haematopoiesis

Missing information e Risks in children < 18 years of age
e Risks during pregnancy and lactation

Pharmacovigilance plan

Study Safety concerns

Status addressed Due dates

Milestones

Summary of objectives

Category 1 - Imposed mandatory additional pharmacovigilance activities which are conditions of
the marketing authorisation

Not applicable 6

Q
&9

Category 2 — Imposed mandatory additional pharmacovigilance activi '@hich are Specific
Obligations in the context of a conditional marketing authorisation Ob\' arketing authorisation
under exceptional circumstances

Not applicable (0"

X\
~9

Category 3 - Required additional pharmacovigilance ac‘t@t‘reé

Post- There are no adequate data Repréductive/ Protocol Annual
marketing from use of pedfilgrastim in elopmental submission: | updates
Pregnancy and | pregnant and breast-feeding @city 06, 2019
Lactation women. While studies in \
registry animals have shown Study
reproductive toxicity, t initiation:
Planned potential risk for hu is 2020
unknown. A Pregnaﬁ and
Lactation Survi ill%e Study Final report:
Program will vailable for completion: 30 June
all applicgb tients who 2030 2031
have rec &gfilgrastim
for an &cation; paediatric
i of participating
rs will be followed
ugh up to 1 year of age.

Risk minimisation measures

Routine risk minimisation measures are considered sufficient to minimise the safety concerns of
this medicinal product.

Conclusion

The CHMP and PRAC considered that the risk management plan version 1.4 is acceptable.
2.9. Pharmacovigilance

Pharmacovigilance system

The CHMP considered that the pharmacovigilance system summary submitted by the applicant
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fulfils the requirements of Article 8(3) of Directive 2001/83/EC.
Periodic Safety Update Reports submission requirements

The requirements for submission of periodic safety update reports for this medicinal product are
set out in the list of Union reference dates (EURD list) provided for under Article 107¢c(7) of
Directive 2001/83/EC and any subsequent updates published on the European medicines web-
portal.

2.10. Product information

2.10.1. User consultation

A justification for not performing a full user consultation with target patient groups on the package
leaflet has been submitted by the applicant and has been found acceptable for a biosimilar of an
authorised medicinal product. 6

2.10.2. Additional monitoring . %Q
N

Pursuant to Article 23(1) of Regulation No (EU) 726/2004, Udenyca Q%@grastim) is included in
the additional monitoring list as it is a biological product.

this medicinal product is subject to additional monltorlng

Therefore the summary of product characteristics and the pac eaflet includes a statement that
t this will allow quick identification

of new safety information. The statement is preceded b@ verted equilateral black triangle.

O
3. Benefit-Risk Balance \Q

3.1. Therapeutic Context 60

3.1.1. Disease or cond&@

Pedfilgrastim is used for re@@a in the duration of neutropenia and the incidence of febrile
neutropenia in adult p ﬁt treated with cytotoxic chemotherapy for malignancy (with the
exception of chronic id leukaemia and myelodysplastic syndromes). Available therapies and

unmet medical n@

3.1.2. Main clinical studies

All clinical studies supporting the present application were carried out in healthy volunteers as part
of the biosimilarity exercise. This is acceptable since the intention of the biosimilarity exercise is
not to demonstrate patient benefit per se but to establish close similarity with the reference
product.

3.2. Favourable effects

Favourable effects for Udenyca are established on the basis of its demonstrated biosimilarity to
Neulasta.

From a guality perspective: the analytical comparability between Udenyca and both Neulasta (EU)
and Neulasta (US) was demonstrated; An extensive comparability exercise between Udenyca and
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Neulasta showed analytical comparability between Udenyca and Neulasta. A small difference in the
sizes of the PEG moieties has been detected, which is unlikely to have clinical relevance.

From a non-clinical perspective: In vitro studies support similar receptor binding and biological
activity of Udenyca, EU and US reference product; In vivo PK/PD studies using US reference
product further support biosimilarity; the repeated-dose toxicology study did not identify any
unexpected toxicity of Udenyca.

From a clinical perspective:

e PK equivalence was shown in the pivotal study CHS-1701-05 because the 90% Cls for the
GMRs of CHS-1701/Neulasta (US) were within the prespecified equivalence interval of 80% to
125% for the primary and secondary PK parameters: Cax, AUCq_ jast, AUCo_288nrs, @aNd AUC_co.

. PD equivalence was shown in the pivotal study CHS-1701-05 because the 95% Cls for the
GMRs of CHS-1701/Neulasta (US) for ANCax, ANC AUC_jast, ANC AUCq_480nrs Were within the
prespecified equivalence interval of 80% to 125%. Likewise, equivalence was shown in study
CHS-1701-03 based on the 90% CI for ANC,,x, ANC AUCq_ 55t and ANC AUCé@oms GMRs.

. The biosimilarity of CHS-1701 to Neulasta(EU) can be extrapolated fre biosimilarity to
Neulasta (US) based on the Quality comparability exercise showmggq}both reference
products are highly similar.

3.3. Uncertainties and limitations about favour@?e effects

There are no uncertainties with regard to the biosimilarity%@denyca to Neulasta in terms of
favourable effects.

3.4. Unfavourable effects @)

N

In these healthy volunteer studies, the ove @I) afety profile of Udenyca and Neulasta (US) was
comparable and in line with the known profile of Neulasta, as described in its SmPC. Very
common/common ADRs occurred wi mparable frequencies (e.g. musculoskeletal pain,

headache). \Q

One subject had a leukaemoi @aotion, one had leucocytosis (103 x109/L), and two subjects
developed splenomegalx,
pain, possibly reflectin

attributed to the study drug, i.e. Udenyca. However, abdominal

nic involvement, occurred with similar frequency after administration

of the two product @

No serious aIIergQ’actions, including anaphylaxis occurred. Two subjects had mild
hypersensitivity reactions, each attributed to the study drug, which was CHS-1701, but in one case
administered after Neulasta. Local injection site reactions in the immunogenicity study CHS-1701-
04 were more common after CHS-1701 than Neulasta (US) for period 1 and for period 2 but the
opposite trend was observed in study CHS-1701-05.

Treatment-emergent antidrug antibodies were somewhat more frequent with test compared to
reference in the parallel group study 04 and, with the re-analysis of the ADAs did not any more
meet the pre-set non-inferiority margin. ADAs were mainly directed against the PEG part of the
molecule and without a consistent effect on PK, PD or safety. In fact, opposite effects (increase vs.
decrease in exposure), if any, were observed in different studies suggesting a chance finding. In
addition, pooled ADA results from study 04 and the first periods of the cross-over studies 03 and
05 showed similar ADA frequencies for test and reference. No neutralising ADAs were detected.
Therefore, considering the overall evidence and as ADA positivity depends on the chosen cut-off
but is not related to clinical relevance, the difference in ADA frequency in study 04 was not of
concern.
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3.5. Uncertainties and limitations about unfavourable effects

There were no uncertainties with regard to the biosimilarity of the product in terms of clinical
safety.

3.6. Benefit-risk assessment and discussion

3.6.1. Importance of favourable and unfavourable effects

For a biosimilar, similarity to the reference product needs to be demonstrated- not efficacy and
safety per se.

The analytical comparability of Udenyca to Neulasta (EU) has been demonstrated. Quality data also
support analytical comparability between Neulasta US (used in the clinical studies) and Neulasta EU
(the EU reference product). In vitro and in vivo studies support the assumption of biosimilarity
between Udenyca and Neulasta (EU). Biosimilarity on clinical aspects has been established between
CHS-1701 and Neulasta (US) regarding PK/PD and immunogenicity. Further, C 1701 displayed a
similar safety profile to Neulasta with no unexpected toxicity; consistent with @ well-
characterized mode-of-action of pegdfilgrastim. {\

O

3.6.2. Balance of benefits and risks \'\(\

O

For a biosimilar, the favourable benefit-risk balance is derived{l@the reference product provided

the totality of evidence collected from the quality, non—clini@@a d clinical data package supports

the comparability of both products. Q

Q)
3.6.3. Additional considerations on t \benefit—risk balance

Not applicable. \Q
&)

3.7. Conclusions Oéo

The overall B/R of Udenyca is p@@e
O
&
4. RecommeQr)@}ations

Outcome @

Based on the CHMP review of data on quality, safety and efficacy, the CHMP considers by
consensus that the benefit-risk balance of Udenyca is favourable in the following indication:

Reduction in the duration of neutropenia and the incidence of febrile neutropenia in adult patients
treated with cytotoxic chemotherapy for malignancy (with the exception of chronic myeloid
leukaemia and myelodysplastic syndromes).

The CHMP therefore recommends the granting of the marketing authorisation to the following
conditions:

Conditions or restrictions regarding supply and use

Medicinal product subject to restricted medical prescription (see Annex I: Summary of Product
Characteristics, section 4.2).

Assessment report
EMA/552721/2018 Page 80/81



Other conditions and requirements of the marketing authorisation
Periodic Safety Update Reports

The requirements for submission of periodic safety update reports for this medicinal product are
set out in the list of Union reference dates (EURD list) provided for under Article 107¢(7) of
Directive 2001/83/EC and any subsequent updates published on the European medicines web-
portal.

Conditions or restrictions with regard to the safe and effective use of the
medicinal product

Risk Management Plan (RMP)

The MAH shall perform the required pharmacovigilance activities and interventions detailed in the
agreed RMP presented in Module 1.8.2 of the marketing authorisation and any agreed subsequent

updates of the RMP. 6
An updated RMP should be submitted: . %6
N
e At the request of the European Medicines Agency; O
e Whenever the risk management system is modified, especi as the result of new

information being received that may lead to a significant%ange to the benefit/risk profile
or as the result of an important (pharmacovigilance @&isk minimisation) milestone being

O

Conditions or restrictions with regarg % he safe and effective use of the

reached.

medicinal product to be implement y the Member States

Not applicable.
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