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ABSTRACT

Purpose The in vitro and in vivo pharmacologic assessment of
ABP 980 similarity to its reference product is intended to
compare the activity of ABP 980 and trastuzumab and sup-
port the overall conclusion of similarity based on a compre-
hensive analytical and functional evaluation.

Methods This work complements the primary assessment of
functional similarity with additional in vitro assays, binding stud-
ies, and non-clinical studies including human epidermal growth
factor receptor-2 (HER2) kinetic binding, HER2 signaling,
HER?2 internalization, synergy with docetaxel chemotherapy,
FeyR kinetic binding, primary natural killer and monocyte cell
binding, antibody-dependent cellular phagocytosis activity,
in vivo xenograft studies, and toxicokinetic parameters.

Results The results contribute to the totality of evidence with
respect to functional similarity and support that ABP 980 is
similar to trastuzumab in all primary and secondary mecha-
nisms of action.

Conclusions These results also support the scientific justifica-
tion of extrapolation to all approved indications of
trastuzumab given the established functional similarity of the
two products and the same mechanisms of action across all
conditions of use.

KEY WORDS ABP 980 - biosimilar - breast cancer - gastric
cancer - trastuzumab
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INTRODUCTION

ABP 980 (KANJINTI™) was developed as a biosimilar to
trastuzumab (HERCEPTIN®, Genentech Inc.).
KANJINTI™ was approved by the EMA on May 16, 2018
and by the FDA on June 13, 2019 for the same indications
approved for Herceptin including human epidermal growth
factor receptor-2 (HER2)-overexpressing early breast cancer,
metastatic breast cancer, and metastatic gastric cancer.
Trastuzumab is a recombinant immunoglobulin G1 (IgG1)
monoclonal antibody that binds HER2 and is approved for
the treatment of metastatic breast cancer, early breast cancer,
and metastatic gastric cancer (1,2). Human epidermal growth
factor receptors (HERSs) are a family of 4 transmembrane ty-
rosine kinase receptors that mediate cell growth, differentia-
tion, and survival (3). HER2 (also referred to as Neu, ErbB-2)
is 1 member of this family of proteins. Over-expression of
HER2 has been shown to correlate with aggressive tumors
(4,5). Treatment of cancer cells over-expressing HER2 with
trastuzumab, a therapeutic antibody targeting HER2, results
in inhibition of HER2-mediated mitogenic signaling and a
reduction in cell proliferation (6).

A biosimilar is a biologic drug that is similar to an approved,
branded biological reference product (7—11). Reference products
and intended biosimilars share the same amino acid sequence, but
as opposed to generics, are not expected to be identical due to the
complexities associated with biologics. Minor structural and func-
tional differences are unavoidable due to expression systems that
are often proprietary. Differences may also exist in cell culture,
purification techniques, and formulation between a biosimilar
and its reference product, and more so between biosimilars of the
same reference product. These minor differences are acceptable as
long as they do not impact efficacy, safety, purity, or potency of the
proposed biosimilar. Overall, the demonstration of similarity is
based on a totality of evidence (TOE) approach and requires a
step-wise comparison that begins with analytical evaluation, which
encompasses structural, functional, and physiochemical
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comparisons (12,13). Depending on the results of the initial similar-
ity assessment, non-chinical studies including pharmacology and
toxicology studies may be conducted to reduce residual uncertainty
around the biosimilar product, although such studies, particularly
those conducted in non-human primates, are generally not recom-
mended (8).

Demonstration of similarity in clinical pharmacokinetics, and
if available, pharmacodynamics, is also expected as part of the
TOE approach; this is followed by a comparative clinical evalu-
ation of eflicacy, safety, and immunogenicity in a sensitive pop-
ulation at the same approved dose and route of administration as
the reference product in a representative indication using sensi-
tive endpoints. When all the results are combined together, the
biosimilarity of a molecule is evaluated in the whole.

The evalution of residual uncertainty and the need for ad-
ditional testing to resolve it for biosimilar development has
evolved over time, particularly as more comparisons of clinical
efficacy and safety have become available, demonstrating no
clinically meaningful differences between biosimilars and their
reference products even with minor analytical differences re-
ported (14), While the utility of nonclinical i viwo studies is
recommended to be more targeted to address specific aspects
of residual uncertainty, the breadth of i vitro functional assess-
ments used to evaluate similarity has increased to ensure any
potential impact on all reported functions of a molecule have
been thoroughly evaluated (11,15).

As part of the foundation for the TOE to support the simi-
larity of ABP 980 to trastuzumab, a comprehensive analytical
and functional similarity assessment demonstrated that ABP 980
1s highly similar to trastuzumab with some minor analytical dif-
ferences observed (16). The pharmacokinetic and clinical studies
supporting the similarity of ABP 980 to trastuzumab have also
been published (17-19). The studies presented here complement
the comprehensive functional assessment with additional i vitro
binding (HER?2 relative cell binding and binding kinetics, FcyR
cell and kinetic binding), additional aspects of effector and pri-
mary HER2 inhibition (ADCP, mhibition of HER2 signaling,
mhibition of proliferation in gastric cancer cells, synergy with
chemotherapeutic and HER?2 internalization) as well as non-
clinical pharmacology (tumor xenograft studies in breast and
gastric cancer models) and toxicokinetic results. These results
provide additional confidence in the similarity of ABP 980 and
trastuzumab for all functional aspects of the molecules # vitro and
i viwo and contributed to the initial TOE supporting the deter-
mination of biosimilarity of ABP 980 and the scientific justifica-
tion of extrapolation of indications.

MATERIALS AND METHODS

For each set of data described in this section, replicates and
any statistical methods employed are defined. All qualitative
studies are representative of at least 2 replicates.
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HER2 Binding Kinetics

The kinetics of binding to rHER2 (Amgen Inc.) were deter-
mined by SPR using a ProteOn XPR36 optical biosensor
(Bio-Rad, Hercules, CA, USA) and a general layer compact
sensor chip (Bio-Rad, Hercules, CA, USA) with single cycle
kinetics. Samples were captured to the ProteOn chip sur-
face using a goat-anti-human IgG1 antibody (Jackson
ImmunoResearch Laboratories, Inc., West Grove, PA,
USA). The dissociation equilibrium binding constant (Kd)
for ABP 980 and trastuzumab binding to rHER2 (amino
acids 23—653) were compared. Kinetic rate constants were
determined from binding analysis experiments. Five con-
centrations of rHERZ2 (analyte) ranging between 25.0 and
0.309 nM were run against captured anti-HER2 antibody
on a general layer compact surface. To assess reproducibil-
ity of binding and manage potential systematic bias, each of
5 sample concentrations was injected simultaneously for a
total of 6 replicates. Blank (buffer) injections were run simul-
tancously with the 5 analyte concentrations and used to
assess and subtract system artifacts. The data were aligned
and double referenced using the ProteOn Manager 3.1.0
version 3.1.06 software (Bio-Rad, Hercules, CA, USA).
The data were then fit using Scrubber v2.0¢ software
(BioLogic Software Pty Ltd., Campbell, Australia), which
is an SPR non-linear least squares regression fitting pro-
gram. The dissociation rate constant (kq) values were deter-
mined from fitting the respective 25 nM 3600 s dissociation
phase data, and this value was then used as a fixed param-
eter in the global fits of the 420 s association phase data to a
1:1 binding model to obtain the respective association rate
constant (k,) values. Equilibrium dissociation constant (Kg)
was then calculated as kq divided by k,. Results for ABP 980,
trastuzumab (EU), and trastuzumab (US) were reported as
the global fits using a 1:1 binding model * standard devia-
tion of 6 replicates for each lot tested.

HER2 Cell Binding

A HER2 antigen binding assay was performed using SK-BR-
3 cells in a competitive cell-surface binding format. SK-BR-3
cells were assessed for HER2 expression using an Alexa 488-
labeled ABP 980 reference standard. A fixed concentration of
fluorescently labeled trastuzumab control antibody and in-
creasing concentrations of test articles (ABP 980 or reference
material) were incubated with SK-BR-3 cells for 4.5 to 6 h. A
dose-dependent decrease in fluorescence signal was detected
using an image cytometer (Acumen eX3) with the application
of an increasing concentration of unlabeled antibody. The
data were fit to a 4-parameter curve and percent relative
HER?2 binding was reported relative to an ABP 980 reference
standard.
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HER?2 Signaling: Inhibition of AKT Phosphorylation
in BT-474 Cells

Inhibition of AKT phosphorylation was assessed by compar-
ing the effect of test samples on basal pAkt in the HER2-
expressing human breast cancer cell line BT-474 (ATCC
HTB-20™). Phospho-Akt (Ser473) level was determined
using a sandwich immunoassay kit from Meso Scale
Discovery (MSD; Rockville, MD, USA). Dilution series of
samples and human IgG1 isotype control (Amgen Inc.) were
performed in assay media in a 2-fold titration series starting at
10 pg/mL. BT-474 cells (200,000/well) were added to the
plates containing titrated antibody before incubating for 4 h.
Cells were then lysed, and the cell lysate was transferred to
MSD plates pre-coated with anti-Akt capture antibody (MSD;
Rockville, MD, USA). After washing, plates were incubated
with SULFO-TAG-labeled pAkt (Ser473) detection antibody
(MSD: Rockville, MD, USA). A read buffer was added to
cach well, and the levels of pAkt in the lysate were measured
by MSD imager. The percent specific inhibition was calculat-
ed as (1 — [signal of treated cells/average signal of untreated
cells]) X 100. Dose response curves were plotted using
GraphPad Prism® 5.0 software (La Jolla, CA, USA) for visual
comparison.

HER2 Internalization

To assess internalization of target/antibody complex, HER2-
expressing SKBR-3 cells were treated with pHrodo™ Red
(acidic pH fluorescent indicator) directly conjugated test anti-
bodies for a period of 4 h at 37°C. Control samples were
incubated with test antibodies at 4°C to prevent internaliza-
tion. Two orthogonal approaches were used to observe inter-
nalization: flow cytometry, allowing a per cell distribution
analysis of pHrodo Red signal, and immunofluorescence con-
focal microscopy allowing for a qualitative visualization of
receptor internalization. Flow cytometric acquisition was per-
formed on an LSRII (Becton Dickinson, San Jose, CA), and
analysis was performed using FlowJo flow cytometry analysis
software, version 10.4 (Tree Star, Inc., Ashland, OR, USA).
Confocal imaging was performed with an Ultraview spinning-
disc confocal microscope (PerkinElmer, Shelton, CT, USA)
using Volocity image acquisition/analysis software, version
6.3 (PerkinElmer, Shelton, C'T, USA).

Inhibition of Proliferation in NCI-N87 and MCF7 Cells

Inhibition of proliferation of HER over-expressing gastric
cancer cells was assessed in NCI-N87 cells (ATCC CRL-
5822™) and specificity of inhibition was evaluated using
MCF-7 cells (ATCC HTB-22™). Dilution series of samples
and hulgG1 isotype control (Amgen Inc.) were performed in
assay media in a 2-fold titration series starting at 10 pg/mL

and were added to NCI-N87 or MCF7 cells (20,000/well)
after plating and allowing time for attachment. Cells were
incubated for 3 days, and the cell viability was determined
using CellTiter-Glo® (Promega, Madison, WI, USA).
Luminescence was measured using a plate reader (EnVision;
PerkinElmer, Shelton, C'T, USA), and percent inhibition of
proliferation was determined using control wells without anti-
body. Dose response curves were plotted using GraphPad
Prism® 5.0 software (La Jolla, CA, USA).

Synergy Study

All portions of this study were conducted at Horizon
Discovery Services, Inc. The method by which Horizon
Discovery performed the 2-way synergy assay in NCI-N87
cells has been previously described in detail (20-22). For inhi-
bition of proliferation of NCI-N87 gastric cancer cells (ATCC
CRL-5822™), cultures were placed in incubators at 37°C for
24 h before treatment to equilibrate in the assay plates. Assay
plates were incubated with test agents for 5 days prior to the
addition of ATPLite (Perkin-Elmer, Shelton, C'T, USA).
Luminescence was measured using an EnVision plate reader,
and percent inhibition of proliferation was determined using
as a control a duplicate matrix that did not have test agent
added. The test agents (4 lots of ABP 980 and 3 lots each of
trastuzumab sourced from the US or EU) were profiled in
combination with docetaxel (Sigma-Aldrich, St. Louis, MO,
USA) using a dose matrix format. Effects on cell proliferation
were measured and used to calculate synergy scores for com-
parison. Additionally, dose response curves were extracted
from the matrices and plotted using GraphPad Prism® 5.0
software (La Jolla, CA, USA) for the NCI-N87 synergy studies
with and without a single concentration of docetaxel for visual
comparison.

The Horizon CombinatoRx™ method was used to exam-
ine the synergistic inhibition of proliferation of cancer cells
between a second agent (docetaxel) and the test samples (4 lots
of ABP 980 and 3 lots each of trastuzumab sourced from the
US or EU).

FcyRla, FcyRlla, FcyRIIb, FcyRllla, and FcyRIlIb Binding
by SPR

Binding was determined in a kinetic binding assay using a
Biacore T200 (GE Healthcare, Piscataway, NJ, USA). In
brief, His-tagged recombinant human FcyRIa, FcyRIIa
(131H), FcyRIIb, FeyRIIIa (158 V), FeyRIIla (158F), or
FeyRIIIb (Amgen, Inc.) was captured by an anti-His antibody
(Qiagen, Valencia, CA, USA) on a CM) Biacore chip (GE
Healthcare, Piscataway, NJ, USA). A dilution series of ABP
980, trastuzumab (US), or trastuzumab (EU) was used to mea-
sure the binding kinetics in triplicate using a 1:1 kinetic bind-
ing model; normalized average sensorgrams from the
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triplicate data were overlaid for visual comparison using
Biacore software (GE Healthcare, Piscataway, NJ, USA).

Antibody-Dependent Cellular Phagocytosis (ADCP)

Human PBMCs were incubated with CFSE (Thermolisher,
San Diego, CA, USA) labeled SK-BR-3 cellsat a 10:1 ratio in
an ultra-low adherence 96-well plate. Antibody (samples or
isotype control) was serially diluted and added to each well.
Cells were subsequently incubated with anti-CD14 antibody
(BD Biosciences, San Diego, CA, USA) to stain monocytes
and propidium iodide (BD Biosciences, San Diego, CA,
USA) to evaluate viability. After washing, 10,000 live
CD14+ cells were acquired by FACS. The percent of live
CD14+ cells that were positive for CFSE fluorescence was
considered to be a direct measure of ADCP activity.
Histograms representing the number of events and CFSE
fluorescence intensity were plotted and overlaid. Histograms
were generated using FlowJo® data analysis software for visual
comparison (Ashland, OR, USA).

FcyR Binding on Primary Monocytes and NK Cells

One donor with a (131 R/R; 158 F/F) genotype and 1 donor
with a (131 H/R; 158 V/V) genotype were used for compar-
ative testing. Each test lot was serially diluted and combined
with a fixed concentration (200 pg/mlL) of Alexa Fluor™ 488
fluorescently labeled ABP 980 reference standard. The mix-
ture was then incubated with freshly isolated PBMCis for 1 h,
allowing competition for FcyR binding to occur. The samples
were then washed, stained with anti-CD56 antibody (BD
Biosciences, Franklin Lakes, NJ, USA) and analyzed using a
BD FACSCanto II® flow cytometer with BD FACSDiva ac-
quisition software (BD Biosciences, San Diego, CA, USA).
The monocyte population was defined by light scatter prop-
erties, and the NK cell population was defined by CD56 ex-
pression and light scatter properties. When the concentration
of unlabeled test lots is low, the Alexa Fluor™ 488 fluorescence
of the NK and monocyte cell populations is relatively high,
due to the low competition for binding of the labeled reference
standard. As higher concentrations of unlabeled test lots com-
pete for binding, the fluorescence of the populations decrease.
This decrease represents the binding of the unlabeled test lots.
For each cell type, histograms representing the frequency of
events and Alexa Fluor™ 488 fluorescence intensity were plot-
ted. Histograms of test lots at the same concentrations were
overlaid and compared visually. Histograms were generated
using FlowJo™ data analysis software (Ashland, OR, USA).

Tumor Xenograft Models

Mice were housed at an Association for Assessment and
Accreditation of Laboratory Animal Care International
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(AAALAC)-accredited facility. Animals were cared for in ac-
cordance with the Guide for the Care and Use of Laboratory
Animals, 8th Edition (23). All research protocols were
reviewed and approved by the local Institutional Animal
Care and Use Committee.

In the BT-474 (breast tumor) xenograft model, female
NOD/SCID mice (China Academy of Medical College
Institute of Laboratory Animal Science [CAMCILAS],
Beijing, China) at 6 to 8 weeks of age were injected
orthotopically with 8 x 10° BT-474 tumor cells per mouse.
Animals were group housed and had ad lbitum access to irra-
diated, sterilized dry granule food and sterile drinking water.
The mice were implanted with estrogen pellets SC to support
the growth of BT-474 cells. After 21 days (average tumor size
146 mm®), mice were administered vehicle, ABP 980 (0.3 or
3.0 mg/kg), or trastuzumab (EU) (0.3 or 3.0 mg/kg) IV twice
weekly for 19 days (n =10 mice/group). Tumor sizes were
measured twice weekly until Day 56.

In the NCI-N87 (gastric tumor) xenograft model, immuno-
deficient female cluster of differentiation (CD)-1 nude mice
(Charles River Laboratories CD1-Foxn1™) were injected
SC with 5 % 10® NCI-N87 tumor cells per mouse. Animals
were group housed and had ad libitum access to feed and local
tap water (San Diego, CA, USA). When the average tumor
size was approximately 100 mm®, the mice were administered
vehicle, ABP 980 (3 or 10 mg/kg), or trastuzumab (EU) (3 or
10 mg/kg) intraperitoneally twice weekly for 19 days. After
treatment was halted, the residual tumors were allowed to
regrow, and tumor sizes were measured three times weekly
until Day 35.

Toxicokinetic Analysis

Toxicokinetics of ABP 980 and trastuzumab were evaluated
as part of the toxicology study. In this study, 18 female
purpose-bred cynomolgus monkeys were assigned to 3 groups
(n= 6 per group) and dosed with vehicle, trastuzumab (EU),
or ABP 980 at 25 mg/kg dose level twice weekly, as IV bolus
into the saphenous vein, for 4 weeks. Animals were cared for
in accordance with the Guide for the Care and Use of
Laboratory Animals, 8th Edition (23). The i vivo studies were
performed under pre-defined study protocols approved by the
Institutional Animal Care and Use Committee. Animals were
socially housed at an indoor, AAALAC, internationally
accredited facility in species-specific housing. Animals were
fed a certified pelleted primate diet (PMI #5048, Richmond,
IN) daily in amounts appropriate for the age and size of the
animals. Animals had ad lbitum access to water (municipality
tap water processed through a reverse osmosis filter and
passed through UV light treatment) via an automatic watering
system.

All animals were blood sampled on the first treatment day
as well as the last treatment day of the treatment period at pre-
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dose, 5 min, and 2, 6, 24, 48, and 96 h after dosing. In addi-
tion, on the last treatment day, blood sampling also occurred
after 168 h after dosing. The serum samples from the blood
collections were frozen at —80°C, shipped to a bioanalytical
lab (Eurofins Medinet, Breda, The Netherlands), and ana-
lyzed to determine the serum concentrations of ABP 980 or
trastuzumab. In total, 270 samples were received, and 204
samples were analyzed using a validated colorimetric ELISA
method in compliance with the Organisation for Economic
Co-operation and Development principles of Good
Laboratory Practice (OECD-GLP). The reportable limit of
this assay was defined at 200 ng/mL for ABP 980 and
trastuzumab with an upper limit of quantification of
10,000 ng/mL. Toxicokinetic parameters were calculated
from the individual serum concentrations using WinNonlin v
5.0.1 software (Pharsight Corporation, Mountain View, CA,
USA). Toxicokinetic parameters were summarized descrip-
tively. The ratios for AUC values of each treatment group
and for each sampling period were calculated and compared
to evaluate the time effect and the difference between ABP
980 and trastuzumab.

RESULTS
HER?2 Binding Kinetics

The biological functions that contribute to the clinical efficacy
of trastuzumab are primarily mediated by binding to the ex-
tracellular domain of HER2 and subsequent inhibition of
downstream ligand-independent signaling events (6). Thus, it
is important to confirm that binding kinetics to the HER2
target protein are similar for ABP 980 and trastuzumab.
Mature human HER2 consists of 1234 amino acids, in which
the N-terminal 631 amino acids are contained within the ex-
tracellular domain (ECD), which is subject to cleavage by
proteases. Fourlots of ABP 980 and 3 lots each of trastuzumab
(US) and trastuzumab (EU) were compared for binding to the
ECD of HER2 using Surface Plasmon Resonance (SPR). The
kinetic data are useful because they provide not only the equi-
librium binding constant, but also the rate constants, which
characterize the dynamics of the interaction (24). Accurate
determination of kinetic binding parameters often requires
multiple configurations of test sample and target protein
(25). For the purposes of demonstrating similarity, a single
method was used here as the purpose is to show that the
behavior of the two molecules is similar, not to re-establish
the absolute values for target affinity. The results for all tested
ABP 980 lots for the parameters of on-rate, off-rate, and rel-
ative affinity to HER2 ECD are all contained within the
ranges of trastuzumab (EU) and trastuzumab (US), supporting
the conclusion that ABP 980 has similar HER2 binding activ-
ity (Table I).

Table 1  Binding Kinetics of ABP 980, Trastuzumab (EU) and Trastuzumab
(US) to Recombinant HER2

Sample ke(M™'sTYX 107 kyg(s )X 107> Ky (pM)
Trastuzumab (EU) Lot #1  6.33 577 91.6
Trastuzumab (EU) Lot #2  6.99 441 63.0
Trastuzumab (EU) Lot #3  6.67 4.64 69.0
ABP 980 Lot #1 6.64 4.98 753
ABP 980 Lot #2 6.61 5.16 78.7
ABP 980 Lot #3 6.54 4.91 74.9
ABP 980 Lot #4 6.65 5.13 76.7
Trastuzumab (US) Lot #1  6.67 534 79.5
Trastuzumab (US) Lot #2  7.30 4.90 67.1
Trastuzumab (US) Lot #3  7.24 537 74.6

k, association rate constant, k, dissociation rate constant, K, dissociation equi-
librium binding constant, recombinant HERZ human epidermal growth factor
receptor 2 extracellular domain, recombinantly expressed, trastuzumab (EU)
EU authorized trastuzumab, trastuzumab (US) FDA licensed trastuzumab, s
seconds, M molar

HER2 Cell Binding

To evaluate whether ABP 980 has similar cell binding
activity as compared with trastuzumab, a competitive
cell binding assay using SK-BR-3 breast cancer cells
was developed. Four lots of ABP 980 and 3 lots each
of trastuzumab (US) and trastuzumab (EU) were com-
pared for evaluation of relative cell binding. The mean
relative binding results for all ABP 980 and reference
product lots tested were centered around 100%
(Table II), supporting the conclusion that ABP 980
and trastuzumab have similar HER2 cell binding

activity.

Table Il Relative HER2 Cell Binding of ABP 980, Trastuzumab (EU) and
Trastuzumab (US)

Sample Percent Relative HER2 Cell Binding (%)
Trastuzumab (EU) Lot # | 98

Trastuzumab (EU) Lot #2 109

Trastuzumab (EU) Lot #3 108

ABP 980 Lot #| 93

ABP 980 Lot #2 112

ABP 980 Lot #3 104

ABP 980 Lot #4 107

Trastuzumab (US) Lot # | 96

Trastuzumab (US) Lot #2 102

Trastuzumab (US) Lot #3 96

Trastuzumab (EU) EU authorized trastuzumab, trastuzumab (US) FDA li-
censed trastuzumab
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HER2 Downstream Signaling through pAKT

Given that similarity in HER2 kinetic and cell binding was
demonstrated, it was also of interest to evaluate the ability of
ABP 980 to inhibit constitutively active HER 2-induced down-
stream signaling. Inhibition of HER2-mediated downstream
signaling (basal phospho-Akt) by ABP 980, trastuzumab (US),
and trastuzumab (EU) was evaluated in BT-474 human breast
cancer cells (26). Phospho-Akt (Ser473) was determined using
a sandwich immunoassay. The inhibition of basal levels of
pAkt in BT-474 cells was compared qualitatively for 3 lots
cach of ABP 980, trastuzumab (US), and trastuzumab (EU)
(Fig. 1a). The overlapping dose response curves support the
conclusion that ABP 980 has similar activity as compared with
trastuzumab inhibition of downstream signaling mediated by
constitutively active HER2.

HER2 Internalization

Binding of trastuzumab or ABP 980 to HER2 can induce
internalization of the receptor, removing the target from
the cell surface (4). This activity is a consequence of bind-
ing to the HER2 target protein, and the internalization
assay provides additional characterization of functional
target binding activity of ABP 980. Flow cytometric anal-
ysis of HER2-expressing SK-BR-3 cells treated with ABP
980, trastuzumab (EU), and trastuzumab (US) show that
these antibodies are readily internalized into cells as
shown by the increase in the mean fluorescence intensity
of pHrodo™ Red signal in cells treated at 37°C relative
to the 4°C controls (Fig. 1b). The level of internalization
of ABP 980 1s similar to that of the reference product as
determined by 3 independent experiments using 3 differ-
ent lots of fluorescently labeled ABP 980, trastuzumab
(EU), and trastuzumab (US). A representative histogram
plot analysis of ABP 980 and trastuzumab shows signifi-
cant overlap, supporting the conclusion that ABP 980 has
similar internalization activity as compared with
trastuzumab (Fig. 1b).

To confirm that the change in mean fluorescence intensity
corresponds to actual internalization of the labeled antibodies,
confocal microscopy was performed on cells treated at 37°C.
The test samples are internalized, appearing as red patches
(puncta) in the cytoplasm of the cells. ABP 980 shows very
similar subcellular localization and signal intensity as com-
pared with the trastuzumab lots (Fig. 1c). Note that negative
control cells at Time 0 or after 4 h at 4°C showed no signs of
internalization, as seen by lack of pHrodo™ Red positive
signal, confirming the specificity of internalization by ABP
980 and trastuzumab. Overall, the similar histograms and
confocal images support that ABP 980 and trastuzumab me-
diate similar HER2 internalization.
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Inhibition of Proliferation of NCI-N87 Cells
and Specificity for MCF7 Cells

Trastuzumab is approved to treat metastatic gastric cancer as
well as breast cancer. Thus, an assessment of inhibition of pro-
liferation in gastric cancer cells complements the overall assess-
ment of functional similarity and is relevant to support extrap-
olation to gastric cancer. Additionally, it is of interest to confirm
that specificity for HER2 over-expression is maintained by ABP
980. Thus, 2 cell lines were evaluated for proliferation inhibi-
tion: the NCI-N87 gastric cancer cell line, expressing high
HER?2 levels, and the MCF7 breast cancer cell line, expressing
lower levels of HER2 (27). Three lots of ABP 980 and 3 lots
each of trastuzumab (US) and trastuzumab (EU) were com-
pared in the 2 cell lines (Fig. 2). The dose response curves for
the inhibition of proliferation in the NCI-N87 gastric cancer
cell line overlap, supporting the conclusion of similarity of ABP
980 and trastuzumab. Additionally, all of the lots tested showed
no inhibition of proliferation in the MCF7 breast cancer cell
line, supporting that specificity for HER2 over-expression is
maintained by ABP 980.

Synergy Study

Trastuzumab enhances the activity of multiple chemotherapeu-
tics and 1s approved for use in the clinic in combination with
standard of care chemotherapy for breast and gastric cancer (2).
Docetaxel is a taxane chemotherapy that synergizes with
trastuzumab in clinical use (28,29) as well as in i vitro synergy
studies (30). Thus, it was of interest to evaluate the similarity of
ABP 980 and trastuzumab in a setting where synergy with a
chemotherapeutic could be evaluated. After method optimiza-
tion in NCI-N87 gastric cancer cells to determine concentra-
tions of ABP 980 and docetaxel where synergy could be evalu-
ated, the CombinatoRx™ method was used to examine the
synergistic inhibition of proliferation of NCI-N87 cells for 4 lots
of ABP 980 and 3 lots each of trastuzumab (US) and
trastuzumab (EU). Similar synergy scores were obtained for
activity with docetaxel across all lots of trastuzumab and ABP
980 in NCI-N87 cells (Supplemental Table I). Visualization of
representative combination activity from extracted dose re-
sponse curves at 0.003 uM docetaxel compared with ABP
980 alone demonstrates that the curves overlap and are aligned
with similar synergy scores (Fig. 3). Overall, the synergy results
support the conclusion of similarity of ABP 980 and
trastuzumab 1n the presence of docetaxel chemotherapeutic.

FcyR Binding as Assessed by SPR

ABP 980 and trastuzumab mediate effector functions (anti-
body-dependent cell-mediated cytotoxicity [ADCC] and
antibody-dependent cellular phagocytosis [ADCP]) via their
Fc binding domains. A thorough characterization of the
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Fig. | (a) ABP 980, trastuzumab (EU) and trastuzumab (US) show similar inhibition of pAKT phosphorylation in breast cancer cells. Graphs show the percent
inhibition compared with an untreated control for 3 sets of side-by-side comparisons of unique lots. Each point is a mean of 4 replicates (*SE). Abbreviations: Ab
antibody, pAKT phospho-AKT, trastuzumab (EU) EU authorized trastuzumab, trastuzumab (US) FDA licensed trastuzumab. (b) ABP 980, trastuzumab (EU) and
trastuzumab (US) mediate similar HER2 internalization in breast cancer cells. Representative experiment showing fluorescence intensity histogram overlays
displaying grouped comparisons between 3 antibody sources and each with 3 respective lots, i.e., EU lot (blue), US lot (grey), and ABP 980 lot (red), at either 4 °C
or 37°C. The x axis represents pHrodo ™ Red signal fluorescence intensity, and the y-axis represents normalized cell frequency. (€) Representative experiment
showing single plane confocal micrographs of SK-BR-3 cells treated with pHrodo™ Red-conjugated ABP980, trastuzumab (US) or trastuzumab (EU) at 4°C or
37°Cfor 4 h. Intemnalized antibody appears as red fluorescent vesicles, suggesting internalization of the pHrodo Red-conjugated trastuzumab antibodies. Bottom
panel images represent digital zooms from their respective original picture. Imaged with a 20, 0.75 NA objective; excitation with a 56 | nm laser; emission filter
of 580/20. Abbreviations: Trastuzumab (EU) or EU EU authorized trastuzumab, trastuzumab (US) or US FDA licensed trastuzumab.
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Fig. | continued.

relative binding activities for FeyRIla (131H) and FeyRIIIa
have been reported, demonstrating the similar Fc-mediated
binding properties of ABP 980 (16). Here, we show the bind-
ing results using SPR comparing the binding activity of 4 lots
of ABP 980 and 3 lots each of trastuzumab (US) and
trastuzumab (EU) for the following: FcyRs (FcyRlIa, FeyRIIa
(131H), FeyRlIIb, FeyRIa (158 V), FeyRIIIa (158F), and
FeyRIIIb). This analysis complements the relative binding re-
sults previously presented in addition to providing a binding
comparison for additional FcyRs where no clinical role has
been attributed to binding activity. It is important to note that
multiple orthogonal methods, including associated effector
functions and binding to FcyR on expressing primary cells,
are employed to evaluate the similarity of FcyR binding be-
cause no one method provides all of the necessary information
to thoroughly evaluate whether minor analytical differences
will have a meaningful impact on binding i viwo.

FcyR binding analysis in this study was performed by
injecting a series of concentrations of ABP 980, trastuzumab
(US), or trastuzumab (EU) over captured FcyRs using a
Biacore T200. To directly compare the sensorgram similarity
of each sample, normalized average sensorgrams from the
data (n=3 replicates) were generated for each sample and
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overlaid. Representative results are shown from 1 lot each of
trastuzumab (US) and trastuzumab (EU) as compared with 2
lots of ABP 980 (Fig. 4). Additionally, the equilibrium dissoci-
ation constants (Ky) from the displayed sensorgrams are re-
ported in Table III. The sensorgram overlays for all FeyRs
tested are comparable with some minor variability (10%—
20%) noted in the binding response during the association
phase of FcyRIIla and FcyRIIIb, with no impact observed
on the overall kinetic profile of ABP 980 and trastuzumab or
the reported relative affinities. Taken with the other assess-
ments of FcyR binding and function, the kinetic binding re-
sults support the conclusion that ABP 980 has similar Fc-
mediated binding activity as compared with trastuzumab.

Binding to Primary NK Cells and Primary Monocytes

To complement the SPR results, binding to primary effector
cells, where multiple FcyRs may be expressed, was also
assessed to provide an integrated measure of binding similarity
of ABP 980 as compared with trastuzumab. Peripheral blood
mononuclear cells (PBMCs) from 1 donor with a (131 R/R;
158 F/F) genotype and 1 donor with a (131 H/R; 158 V/V)
genotype were used for comparative testing. A competitive
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Fig. | continued.

binding assay was used, in which test article was allowed to
compete with fluorescently labeled reference standard for
binding on PBMCs. Histogram plots were prepared and over-
laid for comparison.

Natural killer (NK) cells primarily express FeyRIIIa, the
FeyR primarily responsible for mediating ADCC. FcyRIIIa
has 2 common allelic variants at position 158 that have been
characterized as high affinity (158 V [Valine]) and low affinity
(158F [Phenylalanine]). Binding to primary NK cells was eval-
uated as an orthogonal method to bridge the relative FeyRIIIa
binding assays, and the PBMC ADCC assay which was used to
evaluate similarity (16). Three lots of ABP 980, 2 lots of
trastuzumab (US), and 3 lots of trastuzumab (EU) were com-
pared. Representative overlays show that the histograms over-
lap significantly for both donors (Fig. 5). This is consistent with
the conclusion that ABP 980 has similar FeyRIIla binding on
primary NK cells as compared with trastuzumab.

Monocytes express multiple Fcy receptors, including
FeyRlIa, FeyRIIa, and FeyRIIb. FeyRlIa is the high-affinity re-
ceptor for IgG 1 antibodies, and a specific role for this receptor
in the safety or efficacy of trastuzumab has not been identified.
FeyRlIIa is the primary FeyR responsible for mediating ADCP

uUsS
us
-

EU

4

(31,32). FcyRIIb can modulate ADCP activity through its in-
hibitory function. Binding to primary monocytes was evaluated
as an orthogonal method to bridge the relative FeyRIIa (131H)
binding assays and the PBMC ADCP assay. FcyRIIa has 2
common allelic variants at position 131 that have been charac-
terized as high (131H) and low (131R) responder forms (33).
One donor with a (131 R/R) genotype and 1 donor with a
(131 H/R) genotype were used to perform testing to comple-
ment the relative binding study performed with the 131 H var-

iant (16). The histograms overlap significantly for all lots tested
inboth donors, consistent with the conclusion that ABP 980 and
trastuzumab have similar FcyR binding on primary monocytes
(Fig. 6).

ADCP

ADCP activity has been reported in trastuzumab-treated pa-
tient PBMCs (34). Human PBMCs were incubated with carbo-
xyfluorescein succinimidyl ester (CFSE)-labeled SK-BR-3
breast cancer cells and after allowing time for ADCP to occur,
cells were subsequently stained to mark monocytes (CD14) and
evaluate viability (propidium iodide). After washing, live
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Fig.2 Similarity of ABP 980, trastuzumab (EU) and trastuzumab (US) in the inhibition of proliferation of NCI-N87 cell assay (a) and specificity in the MCF7 Assay
(b). Graphs show the percent inhibition compared with an untreated control for 3 sets of side-by-side comparisons of unique lots. Each point is a mean of 3
replicates (=SE). Abbreviations: Ab antibody, NCI N87 human gastric cancer cells, MCF7 non-amplified HER2 breast cancer cells, trastuzumab (EU) EU

authorized trastuzumab, trastuzumab (US) FDA licensed trastuzumab.

CD14+ cells were acquired by flow cytometry. The portion of
live CD14+ cells that were positive for CFSE fluorescence was
considered to be a direct measure of ADCP activity.
Histograms representing the number of events and fluorescence
mtensity were plotted and overlaid for 7 lots of ABP 980, 6 lots
of trastuzumab (US), and 6 lots of trastuzumab (EU) in 4 side-
by-side experiments (Fig. 7). The extensive overlap in the his-
tograms shows that ABP 980 and trastuzumab have similar
phagocytic activity against breast cancer cells.

In Vivo Pharmacology and Toxicokinetics

Two xenograft tumor models overexpressing HER2, BT-474
(human breast cancer cells), and NCI-N87 (human gastric

@ Springer

cancer cells), were used to compare the effects of ABP 980
and trastuzumab to demonstrate that ABP 980 has a similar
ability to inhibit tumor growth i vivo as well as i vitro.
Non-obese diabetic/severe combined immunodeficiency
(NOD/SCID) mice were injected orthotopically with BT-
474 tumor cells at a concentration of 8 x 10° per mouse.
Doses were chosen based on a previously published study
using trastuzumab (35). Mice were implanted subcutaneously
(SC) with estrogen pellets to support the growth of BT-474
cells, which are estrogen receptor positive. Twenty-one days
later, when the average tumor size reached approximately
146 mm®, treatment with vehicle, ABP 980 (0.3 mg/kg or
3.0 mg/kg), or trastuzumab (EU) (0.3 mg/kg or 3.0 mg/kg)
was administered twice weekly intravenously (IV) for 19 days.
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Tumor sizes were measured twice per week until Day 56.  antitumor activity compared with the vehicle control group.

Statistical analyses of the difference in tumor volume among  Inhibition of tumor growth was similar between ABP 980 and
the groups were conducted with the data obtained at Day 42~ trastuzumab at 3 mg/kg, and tumor growth inhibition by
post-tumor inoculation (Fig. 8a). The low-dose groups of ABP ABP 980 and trastuzumab was significantly greater than the
980 and trastuzumab (0.3 mg/kg) showed no significant  vehicle control group. Mean tumor size in the vehicle control
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Fig. 4 Similar binding of ABP 980, trastuzumab (EU) and trastuzumab (US) to Fcy receptors. Representative sensorgram overlays are shown for 2 lots of ABP
980 (red) and a single lot each of trastuzumab (US) (black) and trastuzumab (EU) (blue). (@) FcyRla (b) FeyRlla (131H) (c) FeyRllb (d) FeyRilla (158 V) (e)
FeyRllla (158F) (f). FeyRIlb. Abbreviations: trastuzumab (EU) EU authorized trastuzumab, trastuzumab (US) FDA licensed trastuzumab.
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Table Il Equilibrium Dissociation

Constants (Kg) of ABP 980, Sample FcyRla FeyRlla (131H)  FeyRIb FcyRllla (158 V) FeyRllla (158F)  FeyRlllb
Trastuzumab (EU) and Trastuzumab (M) ©M) M) (M) (nM) w™)
(US) to FeyRla, FeyRlla (131H),
FeyRllb, FeyRllla (158 V), FeyRllla Trastuzumab (EU) 536 8.36 31.0 193 822 /3.8
(158F), and FeyRlllb Lot #1
ABP 980 Lot # | 468 6.91 26.3 105 478 8.14
ABP 980 Lot #2 405 5.52 22.0 91.3 463 8.29
Trastuzumab (US) 405 5.74 24.6 146 707 1.8
Lot #1

Ky (pPM) is reported in the table above; Trastuzumab (EU) EU authorized trastuzumab, trastuzumab (US) FDA licensed
trastuzumab

group was 487 mm” on Day 42 and 284 mm” in the ABP 980 and trastuzumab given at 3 mg/kg significantly inhibited tu-
3 mg/kg group, whereas the mean tumor size in the  mor growth compared with the vehicle control (p = 0.013 and

trastuzumab 3 mg/kg group was 280 mm” at Day 42 post-  p=0.011, respectively), supporting the overall conclusion of
tumor inoculation. At Day 42 post-inoculation, both ABP 980 similarity of ABP 980 (Supplemental Table II).
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Fig. 5 Similar primary NK cell binding by ABP 980, trastuzumab (EU) and trastuzumab (US). Lots are grouped from the same assay plate for side-by-side
comparison using histogram overlays from select concentrations in the dose matrix. X-axis represents fluorescently labeled reference standard where higher
binding is indicated by increased fluorescence. Y-axis represents normalized frequency. (a) Results from a homozygous donor for the high affinity variant at position
158 in FeyRllla (b) Results from a homozygous donor for the low affinity variant at position 158 in FeyRllla. Abbreviations: trastuzumab (EU) EU authorized
trastuzumab, trastuzumab (US) FDA licensed trastuzumab.
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Fig. 6 Similar primary monocyte cell binding by ABP 980, trastuzumab (EU) and trastuzumab (US). Lots are grouped from the same assay plate for side-by-side
comparison using histogram overlays from select concentrations in the dose matrix. X-axis represents fluorescently labeled reference standard where higher
binding is indicated by increased fluorescence. Y-axis represents normalized frequency. (@) Results from a homozygous donor for the arginine variant at position
131 in FeyRlla (b) Results from a heterozygous donor for position |31 FcyRIla. Abbreviations: trastuzumab (EU) EU authorized trastuzumab, trastuzumab (US)

FDA licensed trastuzumab.

A second tumor model (NCI-N87) was used to compare
the antitumor activity of ABP 980 and trastuzumab in gastric
cancer cells. ABP 980 and trastuzumab doses were chosen
based on previously published studies in NCI-N87 xenograft
models using trastuzumab (36,37). Briefly, immunodeficient
female CD-1 nude mice were injected SC with NCI-N87
tumor cells at a concentration of 5 x 10° cells per mouse.
When the average tumor size was approximately 100 mm?,
vehicle control, ABP 980 (3 mg/kg or 10 mg/kg) or
trastuzumab (EU) (3 mg/kg or 10 mg/kg) was administered
twice weekly by intraperitoneal injection for 19 days. Tumors
were allowed to regrow after dosing was discontinued, and
tumor sizes were measured 3 times per week until Day 35.
Tumor volume is presented using a ratio-to-baseline adjusted
area under the tumor volume curve (AUCr). The AUCr was
used in the calculation of treatment/control (T/C) ratios (tu-
mor volume in treatment group/tumor volume in comparator

group) to capture the full change in tumor size over the treat-
ment period, and statistical analysis was performed using those
results (F1g. 8a—b). ABP 980 and trastuzumab were similarly
effective in inhibiting tumor growth at 3 and 10 mg/kg (Fig.
8b). All treatment groups were significantly different com-
pared with vehicle control based on the T/C ratio
(Supplemental Table III). Similarity in tumor growth inhibi-
tion between ABP 980 and trastuzumab was tested by calcu-
lating the T/C ratios and 2-sided 90% confidence limits.
Tumor growth inhibition was similar between ABP 980 and
trastuzumab (T/C ratios for ABP 980/trastuzumab were
<100% and the upper confidence limits were >100)
(Supplemental Table I1I). Together, the pharmacology studies
conducted in breast and gastric cancer xenograft models sup-
port the conclusion that ABP 980 is biosimilar to trastuzumab.

The multiple-dose toxicokinetics (TK) of ABP 980 and
trastuzumab (EU) in cynomolgus monkeys was evaluated in a
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Fig. 7 Similar ADCP activity of ABP 980, trastuzumab (EU) and trastuzumab (US). Lots are grouped from the same assay plate for side-by-side comparison using
histogram overlays from select concentrations in the dose matrix. Abbreviations: trastuzumab (EU) EU authorized trastuzumab, trastuzumab (US) FDA licensed

trastuzumab.

good laboratory practice (GLP) toxicology study in which 18
female monkeys were assigned to 1 of 3 treatment groups (n =
6/group) receiving vehicle control, ABP 980 25 mg/kg, or
trastuzumab (EU) 25 mg/kg IV twice weekly for 4 weeks.
Serum samples were collected from all animals for TK analysis
on Day 1 at pre-dose, 0.083 (5 min), 2, 6, 24, 48, and 96 h post-
dose and on the last day of dosing (Day 22) at pre-dose, 0.083
(5 min), 2, 6, 24, 48, 96, and 168 h post-dose. Serum samples
were analyzed for ABP 980 and trastuzumab concentrations
using a validated ELISA method with a lower limit of quanti-
fication of 200 ng/mL. Individual and mean serum concentra-
tions were measured after administration of ABP 980 or
trastuzumab, and TK parameters were calculated to compare
the TK of ABP 980 and trastuzumab. The mean (+ standard
deviation) serum concentration-time profiles are presented (Fig.
8c). In addition, the TK parameter results are also summarized
(Supplemental Table IV). Following ABP 980 and trastuzumab
IV bolus injections, mean area under the serum drug
concentration-time curve (AUC) from time 0 to 96 h post dose
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(AUC .96 values were similar at 34,501 pgehr./mL for ABP
980 and 37,215 ugehr./mL for trastuzumab (EU) after dosing
on Day 1 and 102,685 pgehr./mL and 117,721 pgehr./mlL,
respectively, in Week 4, on Day 22; therefore, ABP 980 and
trastuzumab exposure was determined to be similar, supporting
the overall conclusion of biosimilarity.

DISCUSSION

The n vitro and in vivo pharmacologic assessment of simi-
larity is intended to comprehensively compare the activity
of ABP 980 and trastuzumab in functions known to be
important to the mechanisms of action (MOAs) of
trastuzumab. The similarity of ABP 980 has been assessed
using a comprehensive analytical and functional studies
(16). This work complements the primary assessment with
additional i wvitro functional assays, binding studies, and
non-clinical studies and informs the TOE with respect to
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Fig. 8 Non-clinical pharmacology and toxicokinetic results for ABP 980 and trastuzumab (EU). (a) Antitumor activity in the BT-474 xenograft model. Arrows
indicate dosing days. Data are represented as mean = standard error of the mean for each group (N = 10 mice/group). BT-474 = metastatic human breast
cancer cells. (b) Antitumor activity in the NCI-N87 xenograft model. Arrows indicate dosing days. Dark lines represent mean tumor volume (N = 10
mice/group); dotted lines represent Day 22, the end of the treatment period. NCI-N87 = human gastric cancer cells. (c) Toxicokinetic profiles (mean =+ SD)
for test articles in cynomolgus monkey. Abbreviations: trastuzumab (EU) EU authorized trastuzumab.

in vitro and i vivo functional similarity of ABP 980 com- The primary MOA requires binding to the extracellular
pared with trastuzumab. These results also support the  domain of HER2 (4). Binding kinetics to the HER2 target as
scientific justification of extrapolation to all approved con-  well as relative cell binding to HER2 over-expressing breast

ditions of use given the established functional similarity of  cancer cells were shown to be similar. Additionally, HER?2
the 2 products and the same MOA in all conditions of  internalization and downstream signaling through PI3K-
use. AKT, the key mediator of HER2 ligand-independent cell
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Fig. 8 continued.

proliferation was also similar. Inhibition of proliferation was
shown to be similar in NCI-N87 gastric cancer cells and spe-
cific for HER2 over-expression, supporting potency results
from the comprehensive similarity assessment and
representing a cell type from an extrapolated indication.

Trastuzumab has been used clinically in combination with
chemotherapeutic agents, including docetaxel. Using a syner-
gy combination matrix approach, ABP 980 was shown to have
similar synergy with docetaxel in the growth inhibition of
NCI-N87 gastric cancer cells, supporting overall similarity
and extrapolation to gastric cancer.

Multiple assays were used to characterize the Fc portion of
ABP 980 as compared with trastuzumab. In addition to sim-
ilar FcyRIIa (131H) and FeyRIIIa relative binding presented
in Hutterer and colleagues, sensorgram overlays were com-
pared for the additional FcyRs (FcyRIa, FeyRIIb, and
FeyRIIIb) as well as to a side-by-side comparison of FeyRIIa
(I131H), FcyRIIIa (158 V) and FeyRIIIa (158F) binding (16).
Primary cell binding was also evaluated to confirm the simi-
larity of ABP 980 as a bridge between the relative binding
FcyR assays and primary cell functional assays (ADCP) as
primary cells provide an integrated assessment of binding
where expression of multiple FcyRs occurs naturally.
Binding to primary NK cells from healthy genotyped donors
homozygous for either the high (158 V) or low (158F) variant
of FeyRIIIa was shown to be similar based on competitive cell
binding. Additionally, binding to primary monocytes from
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healthy genotyped donors heterozygous for position 131 in
FeyRlIIa or homozygous for arginine at that position was also
shown to be similar, supporting the overall similarity of ABP
980 to trastuzumab.

ADCP has been detected in trastuzumab-treated patient
PBMC:s (34) and in isolated monocytes (38), although the rel-
ative contribution of this effector function to the clinical effi-
cacy or safety of trastuzumab has not been established. Using
a PBMC-based ADCP method, ABP 980 and trastuzumab
were shown to be similar for phagocytic activity against breast
cancer cells.

An m viwo assessment in 2 xenograft tumor models over-
expressing HER2, BT-474 and NCI-N87, was used to demon-
strate that, like trastuzumab, ABP 980 has the ability to mnhibit
tumor growth in both breast and gastric cancer tumors in an  vio
setting. Results from these xenograft models show that ABP 980
and trastuzumab are similarly able to inhibit tumor growth.
Furthermore, the results suggest that ABP 980 inhibits tumor
growth in a manner that is consistent with the known MOA of
trastuzumab across indications, supporting extrapolation.

The TK assessment in a multiple-dose toxicology cynomol-
gus monkey study showed a similar i viwo exposure between
the ABP 980 and trastuzumab treatment groups following a
single dose on Day 1 as well as after multiple dosing at Week 4.
The approximately 3-fold dose accumulation observed after
multiple dosing was also similar between the treatment
groups.
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CONCLUSION

In summary, the results presented here contribute to the TOE
with respect to functional similarity of ABP 980 to
trastuzumab, supplementing the previous report of analytical
and functional similarity with additional assays for key func-
tions of the molecules including i vitro binding (HER2 relative
cell binding and binding kinetics, FcyR cell and kinetic bind-
ing), additional aspects of effector and primary HER2 inhibi-
tion (ADCP, inhibition of HER2 signaling, inhibition of pro-
liferation in gastric cancer cells, synergy with chemotherapeu-
tic and HER2 internalization) as well as non-clinical pharma-
cology (tumor xenograft studies in breast and gastric cancer
models) and toxicokinetic results. These results further limit
residual uncertainty regarding the previously reported minor
analytical differences (16) and provide additional confidence
in the similarity of ABP 980 and trastuzumab for all functional
aspects of the molecules  vitro and in vivo. Additionally, these
results also support the scientific justification of extrapolation
to all approved conditions of trastuzumab given the
established functional similarity of the products and the con-
served mechanisms of action across all conditions of use.

ACKNOWLEDGMENTS AND DISCLOSURE

This study was funded by Amgen, Inc. Medical writing sup-
port was provided by Sonya G. Lehto, PhD (Amgen Inc.) and
Monica Ramchandani, PhD (Amgen Inc.). Thanks to Esther
Leng, Robert Sanchez-Rodriguez, Nahira Miscalichi,
Satyajeet Haridas, and Monique Howard for laboratory sup-
port. We thank Christine Evangelista and Gwen Maher for
contributions to assay concept and development. All authors
were employees and stockholders of Amgen at the time this
work was conducted.

AUTHOR’S CONTRIBUTIONS

SJ: Conception/design of work; acquisition, analysis of
work; drafting and revising work; ORCID identifier
0000-0002—4480-5850. VC: Overall design of TK, eval-
uated TK result, provided review/revisions to the manu-
script. WW: Design, execution and interpretation of the
experiments; drafting and revising. HS: Acquisition, anal-
ysis, or interpretation of data for the proliferation assays
with MCF7 and NCI-N87. PK: Design, execution and
interpretation of the experiments; drafting and revising.
RM: Design, execution and interpretation of the experi-
ments; drafting and revising. KMH: Design and revising.
JF: Design of the work and revising; ORCID identifier:
0000-0003—-4087-4629. QC: Interpretation of SPR data
for the work and revising. IF: Design and interpretation of
the experiments and revising. SK: Development and

management of analytical methods, revising. HJM:
Conception, design and interpretation of the experiments;
drafting and revising; ORCID identifier: 0000-0003—
3428-2846.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which per-
mits unrestricted use, distribution, and reproduction in any
medium, provided you give appropriate credit to the original
author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made.

REFERENCES

1. Hcrccptin® (trastuzumab) Summary of Product Characteristics,
Roche Registration Limited. 2017.

2. Herceptin® (trastuzumab) prescribing information, Genentech, a
Member of the Roche Group. 2017.

3. Igbal N, Igbal N. Human epidermal growth factor receptor 2
(HER2) in cancers: overexpression and therapeutic implications.
Mol Biol Int. 2014;2014:852748.

4. Vu T, Claret FX. Trastuzumab: updated mechanisms of action
and resistance in breast cancer. Front Oncol. 2012;18(2):62.

5. Gravalos C, Jimeno A. HER2 in gastric cancer: a new prognostic
factor and a novel therapeutic target. Ann Oncol. 2008;19(9):1523-9.

6. Nahta R. Molecular mechanisms of trastuzumab-based treatment
in HER2-overexpressing breast cancer. ISRN Oncol. 2012;2012:
428062.

7. U.S. Department of Health and Human Services, Food and Drug
Administration, Center for Drug Evaluation and Research, Center
for Biologics Evaluation and Research. Quality considerations in
demonstrating biosimilarity of a therapeutic protein product to a
reference product. Guidance for industry; 2015 Apr. Available
from: http://www.fda.gov/downloads/drugs/guidancecomplianc
eregulatoryinformation/guidances/ucm291134.pdf.

8. European Medicines Agency. Guideline on similar biological me-
dicinal products containing biotechnology-derived proteins as ac-
tive substance: quality issues (revision 1); 2014 May 22. Available
from: http://www.ema.europa.eu/docs/en_GB/document_
library/Scientific_guideline/2014/06/WC500167838.pdf.

9. US Department of Health and Human Services, Food and Drug
Administration, Center for Drug Evaluation and Research, Center
for Biologics Evaluation and Research. Guidance for industry: clin-
ical pharmacology data to support a demonstration of biosimilarity
to a reference product. Guidance for industry; 2016 Dec. Available
from: http://www.fda.gov/downloads/Drugs/GuidanceComplian
ceRegulatoryInformation/Guidances/UCM397017.pdf.

10.  European Medicines Agency, Committee for Medicinal Products
for Human Use. Guideline on similar biological medicinal products
containing monoclonal antibodies—non-clinical and clinical issues;
2012 May 30 [accessed 2018 Sept 12]. Available from: http://
www.ema.europa.cu/docs/en_GB/document_library/Scientific
guideline/2012/06/WC500128686.pdf.

11.  U.S. Department of Health and Human Services. Scientific consider-
ations in demonstrating biosimilarity to a reference product. Guidance
for industry; 2015 Apr. Available from: http://www.fda.gov/
downloads/Drugs/GuidanceComplianceR egulatorylnformation/
Guidances/UCM291128.pdf.

@ Springer


http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm291134.pdf
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm291134.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2014/06/WC500167838.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2014/06/WC500167838.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM397017.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM397017.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM397017.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM397017.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2012/06/WC500128686.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2012/06/WC500128686.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2012/06/WC500128686.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM291128.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM291128.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM291128.pdf

177 Page 18 0of 18

Pharm Res (2019) 36: 177

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Coohen HP, Lamanna WC, Schiestl] M. Totality of Evidence and
the Role of Clinical Studies in Establishing Biosimilarity. In:
Biosimilars: Regulatory, Clinical and Biopharmaceutical
Development. Gutka HJ, Yang H, Kakkar S (Eds.). Springer
International Publishing. 2018.

Markus R, Liu J, Ramchandani M, Landa D, Born T, Kaur P.
Developing the totality of evidence for biosimilars: regulatory con-
siderations and building confidence for the healthcare community.
BioDrugs. 2017;31(3):175-87.

Cohen HP, Blauvelt A, Rifkin RM, etal. Switching reference med-
icines to biosimilars: a systematic literature review of clinical out-
comes. Drugs. 2018; 78(4):463—478.

Kirchhoff CF, Wang XM, Conlon HD, et al. Biosimilars: key reg-
ulatory considerations and similarity assessment tools. Biotechnol
Bioeng. 2017;114(12):2696-705.

Hutterer KM, Polozova A, Kuhns S, McBride HJ, Cao X, Liu J.
Assessing analytical and functional similarity of proposed Amgen
biosimilar ABP 980 to trastuzumab. Manuscript accepted for pub-
lication Bio Drugs 2019.

Hanes V, Chow V, Zhang N, Markus R. A randomized single-
blind, single-dose study evaluating the pharmacokinetic equiva-
lence of proposed biosimilar ABP 980 and trastuzumab in healthy
male subjects. Cancer Chemother Pharmacol. 2017;79(5):881-8.
Paplomata E, Nahta R. ABP 980: promising trastuzumab
biosimilar for HER2-positive breast cancer. Expert Opin Biol
Ther. 2018;18(3):335—41.

von Minckwitz G, Colleoni M, Kolberg HC, Morales S, Santi P,
Tomasevic Z, et al. Efficacy and safety of ABP 980 compared with
reference product in women with HER2-positive early breast can-
cer (LILAC study): a randomized, double-blind, phase 3 trial.
Lancet Oncol. 2018;19(7):987-98.

Borisy AA, Elliott PJ, Hurst NW, Lee MS, Lehar J, Price ER, et al.
Systematic discovery of multicomponent therapeutics. Proc Natl
Acad Sci U S A. 2003;100(13):7977-82.

Keith CT, Borisy AA, Stockwell BR. Multicomponent therapeutics
for networked systems. Nat Rev Drug Discov. 2005;4(1):71-8.
Saiki AY, Caenepeel S, Yu D, Lofgren JA, Osgood T, Robertson
R, et al. MDM2 antagonists synergize broadly and robustly with
compounds targeting fundamental oncogenic signaling pathways.
Oncotarget. 2014;5(8):2030—43.

National Research Council. 2011. Guide for the care and use of
laboratory animals: eighth edition. Washington, DC: The National
Academies Press. 2011.

Pollard TD. A guide to simple and informative binding assays. Mol
Biol Cell. 2010;21(23):4061-7.

Yang J, Wang X, Fuh G, Yu L, Wakshull E, Khosraviani M, et al.
Comparison of binding characteristics and in vitro activities of three
inhibitors of vascular endothelial growth factor a. Mol Pharm.
2014;11(10):3421-30.

Kute T, Lack CM, Willingham M, Bishwokama B, Williams H,
Barrett K, et al. Development of Herceptin resistance in breast
cancer cells. Cytometry A. 2004;57(2):86-93.

Rusnak DW, Alligood KJ, Mullin RJ, Spehar GM, Arenas-Elliott
C, Martin AM, et al. Assessment of epidermal growth factor

@ Springer

28.

29.

30.

31

32.

33.

34.

36.

37.

38.

receptor (EGFR, ErbB1) and HER2 (ErbB2) protein expression
levels and response to lapatinib (Tykerb, GW572016) in an expand-
ed panel of human normal and tumour cell lines. Cell Prolif.
2007;40(4):580-94.

Bullock K, Blackwell K. Clinical efficacy of taxane-trastuzumab
combination regimens for HER-2-positive metastatic breast cancer.
Oncologist. 2008;13(5):515-25.

Pegram MD. Docetaxel and herceptin: foundation for future strat-
egies. Oncologist. 2001;6:22-5.

Pegram MD, Konecny GE, O'Callaghan C, Beryt M, Pietras R,
Slamon DJ. Rational combinations of trastuzumab with chemo-
therapeutic drugs used in the treatment of breast cancer. J Natl
Cancer Inst. 2004;96(10):739—49.

Kinder M, Greenplate AR, Strohl WR, Jordan RE, Brezski RJ. An
fc engineering approach that modulates antibody-dependent cyto-
kine release without altering cell-killing functions. MAbs. 2015;7(3):
494-504.

Richards JO, Karki S, Lazar GA, Chen H, Dang W, Desjarlais JR.
Optimization of antibody binding to FcgammaRIla enhances mac-
rophage phagocytosis of tumor cells. Mol Cancer Ther. 2008;7(8):
2517-27.

Sanders LA, Feldman RG, Voorhorst-Ogink MM, de Haas M,
Rijkers GT, Capel PJ, et al. Human immunoglobulin G (IgG) fc
receptor ITA (CD32) polymorphism and IgG2-mediated bacterial
phagocytosis by neutrophils. Infect Immun. 1995;63(1):73-81.
Petricevic B, Laengle J, Singer J, Sachet M, Fazekas ], Steger G,
et al. Trastuzumab mediates antibody-dependent cell-mediated cy-
totoxicity and phagocytosis to the same extent in both adjuvant and
metastatic HER2/neu breast cancer patients. J Transl Med.
2013;11:307.

Baselga J, Norton L, Albanell J, Kim YM, Mendelsohn J.
Recombinant humanized anti- HER2 antibody (Herceptin) en-
hances the antitumor activity of paclitaxel and doxorubicin against
HER2/neu overexpressing human breast cancer xenografts.
Cancer Res. 1998;58(13):2825-31.

Tanner M, Hollmén M, Junttila TT, Kapanen AL, Tommola S,
Soini Y, et al. Amplification of HER-2 in gastric carcinoma: asso-
ciation with topoisomerase II alpha gene amplification, intestinal
type, poor prognosis and sensitivity to trastuzumab. Ann Oncol.
2005;16:273-8.

Matsui Y, Inomata M, Tojigamori M, Sonoda K, Shiraishi N,
Kitano S. Suppression of tumor growth in human gastric cancer
with HER2 overexpression by an anti-HER2 antibody in a murine
model. Int ] Oncol. 2005;27:681-5.

Lazar GA, Dang W, Karki S, Vafa O, Peng JS, Hyun L, et al.
Engineered antibody fc variants with enhanced effector function.
Proc Natl Acad Sci U S A. 2006;103(11):4005-10.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.



	Functional and Nonclinical Similarity of ABP 980, a Biosimilar of Trastuzumab
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and Methods
	HER2 Binding Kinetics
	HER2 Cell Binding
	HER2 Signaling: Inhibition of AKT Phosphorylation in BT-474 Cells
	HER2 Internalization
	Inhibition of Proliferation in NCI-N87 and MCF7 Cells
	Synergy Study
	FcγRIa, FcγRIIa, FcγRIIb, FcγRIIIa, and FcγRIIIb Binding by SPR
	Antibody-Dependent Cellular Phagocytosis (ADCP)
	FcγR Binding on Primary Monocytes and NK Cells
	Tumor Xenograft Models
	Toxicokinetic Analysis

	Results
	HER2 Binding Kinetics
	HER2 Cell Binding
	HER2 Downstream Signaling through pAKT
	HER2 Internalization
	Inhibition of Proliferation of NCI-N87 Cells and Specificity for MCF7 Cells
	Synergy Study
	FcγR Binding as Assessed by SPR
	Binding to Primary NK Cells and Primary Monocytes
	ADCP
	�In�Vivo Pharmacology and Toxicokinetics

	Discussion
	Conclusion
	References




