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Abstract

Biosimilar development involves a target-directed iterative
process to ensure a similar product to the originator. Here we
report the preclinical development of the proposed biosimilar
rituximab (GP2013). Post-translational modifications and
bioactivities of GP2013 versus originator rituximab were
engineered and monitored to ensure similar pharmacological
profiles. Antibody-dependent cellular cytotoxicity (ADCC)
was used to illustrate how different glycosylation patterns
and structure—function relationships were controlled during
process development. Pharmacological comparability bet-
ween GP2013 and originator rituximab were confirmed in
preclinical studies using clinical scale drug product. Similar
in vitro ADCC potency was demonstrated when compared in
a dose-response manner against two lymphoma cell lines
using freshly purified human natural killer (NK) cells. In vivo
efficacy was demonstrated in two well characterized mouse
xenograft models, testing at sensitive sub-therapeutic dose
levels. Pharmacokinetics and pharmacodynamics (CD20 cell
depletion) were likewise comparable in cynomolgus monkeys.
This preclinical comparability exercise confirms that GP2013
and originator rituximab are pharmacologically similar.

Keywords: Rituximab, non-Hodgkin lymphoma, antibody-
dependent cellular cytotoxicity, biosimilars

Introduction

Biologically derived therapeutics have revolutionized mod-
ern medicine, significantly improving health care outcomes
for patients since they were first introduced in the 1980s
[1,2]. However, the increasing use of therapeutic monoclo-
nal antibodies (mAbs), especially in the areas of cancer and
autoimmune disease, constitutes a major and increasing cost
burden for health care systems. Biosimilars provide a com-
parable level of efficacy and safety with that of the originator
product with the added advantage of being more affordable,

thereby expanding patient access to therapies that otherwise
may be restricted for cost reasons [3].

Biosimilars are biologics that are approved in highly-
regulated markets as being similar to existing agents for
which patents have expired. Regulatory approval is provided
on the basis of comparable quality, safety and efficacy to an
originator product [4,5]. In Europe, the European Medicines
Agency (EMA) has developed a specific regulatory pathway
and recently issued guidelines that specifically describe
non-clinical and clinical requirements for the development
of biosimilar mAbs [6]. Other countries have also adopted
similar regulatory frameworks based on the European
guidelines. In the USA, the Food and Drug Administration
(FDA) released draft guidance for the regulatory review of
biosimilars in early 2012 [7]. Second-generation drugs, such
as biobetters, cannot be approved via the biosimilar regula-
tory pathways [4].

Therapeutic mAbs and immunoglobulin G (IgG)/Fc-
fusion proteins are typically manufactured using mam-
malian cell expression systems, and as such are subject to
post-translational modifications (also known as quality
attributes). The overall profile of these quality attributes has
been shown to exhibit minor batch-to-batch variability, as
well as more significant variability due to manufacturing
process changes [8]. The variance in these target specifica-
tions provides a variability range within which the biosimi-
lar product attributes need to be to achieve comparability
[4]. Thus, thorough physicochemical and in vitro biological
characterization of the attributes in the originator product
over an extended period (e.g. 5-7 years) is the first step in the
development of a biosimilar.

Physicochemical similarity to the originator is essential to
ensure a comparable clinical efficacy and safety profile of the
end product. To bring key outlying attributes in line with the
variability ranges of the originator product, specific steps in
the manufacturing process are repeatedly modified. In this
regard, the design of the entire manufacturing process quality
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is integral to the quality of a biosimilar product. Paramount
to this exercise is the implementation of comprehensive and
sensitive analytical tools [9,10].

Rituximab (Rituxan®/MabThera®) was the first mAb to
show a clinically significant anticancer effect, and has been
in clinical use for 15 years for the treatment of patients with
non-Hodgkin lymphoma and chronic lymphocytic leukemia,
as well as rheumatoid arthritis and other autoimmune con-
ditions. It is a chimeric mouse/human mAb where the Fab
domain of rituximab binds to the CD20 antigen and the Fc
domain recruits immune effector functions to mediate B-cell
lysis, aswell as modulating exposure. Postulated mechanisms
of effector-mediated cell lysis include antibody-dependent
cellular cytotoxicity (ADCC) mediated by one or more of the
Fcy receptors on the surface of granulocytes, macrophages
and natural killer (NK) cells, and complement-dependent
cytotoxicity (CDC) resulting from C1q binding and the sub-
sequent lytic cascade [11-13]. Rituximab binding to CD20
has also been shown to activate signaling cascades that result
in the induction of cell death via apoptosis [14].

Several candidate rituximab biosimilars are in develop-
ment [15,16]. GP2013 is a proposed rituximab biosimilar
being developed according to the biosimilar regulatory
guidance and by applying quality-by-design (QbD) prin-
ciples [17]. Using the example of ADCC activity, we illustrate
the target-directed development and characterization of
the proposed biosimilar GP2013 and show how structure-
function relationships can be used to ensure comparability
at the in vitro level. This phase is critical for regulatory
approval of biosimilars; it ensures that critical post-
translational modifications affecting effector functions (and
other pharmacological properties of the biologic introduced
during mammalian cell line expression) are in line with the
reference product [18], and also importantly avoids modifi-
cations that are recognized as foreign in human subjects and
potentially induce adverse reactions in patients [19]. Further-
more, a tailored program of preclinical studies using clinical-
scale drug product comparing biosimilar rituximab with the
originator product is reported, providing preclinical confir-
matory evidence of in vivo similarity with regard to pharma-
cokinetics (PK), pharmacodynamics (PD) and efficacy.

Materials and methods

Glycan quantification

N-glycans were released from the Fc part of the mAbs using
N-glycosidase F (Roche Diagnostics, Mannheim, Germany).
Subsequent separation and concentration was performed by
ultracentrifugal filtration and centrifugal evaporation. Excess
2-aminobenzamide (2-AB; Fluka, Sigma-Aldrich Chemie
GmbH, Munich, Germany, and Steinheim, Germany) was
used to label the glycans. Free 2-AB label glycan derivates were
removed by gel filtration using Sephadex G10 (GE Healthcare,
Munich, Germany). Normal phase chromatography, using
an ACQUITY UPLC BEH glycan 1.7 um 100 X 2.1 mm column
(Waters, Saint-Quentin en Yvelines, France) was employed to
separate the 2-AB labeled glycans. A fluorescence detector, set
atan excitation wavelength of 250 nm and emission wavelength
of 428 nm, recorded elution of the 2-AB labeled glycans.

In vitro ADCC development potency assay

The characterization assay to assess the in vitro ADCC activi-
ties of GP2013 and originator rituximab used the Raji B-cell
line as target cell and the CD16 overexpressing NK3.3 cell
line as effector cell. Raji B-cells were loaded with the fluoro-
chrome calcein, and subsequently incubated with different
concentrations of GP2013 or originator rituximab and an
excess of NK3.3 cells (ratio of 1:10). Concentration-dependent
killing of the Raji B-cells was analyzed by measuring the
release of calcein at 515 nm. ADCC activity was calculated
using a parallel line assay according to the European Phar-
macopoeia 7th edition. The final result was expressed as the
relative potency of a sample compared to a reference.

In vitro ADCC confirmatory potency assay

The relative ADCC activity of GP2013 and originator rituximab
were evaluated in a dose-response manner across a wide con-
centration range against the SU-DHL-4 (diffuse large B-cell
lymphoma) and Daudi (Burkitt lymphoma) cell lines using
freshly purified human NK cells and an effector to target ratio of
10:1. As ADCC is sensitive to the phenylalanine (F) to valine (V)
polymorphism at position 158 in FcyRIlla (V/V having greater
potency than V/F or F/F) [11], freshly purified human NK cells
of the V/V genotype from a healthy donor were used to increase
the sensitivity of the assay to identify potential differences. This
assay differed from that of the characterization ADCC assay
described above as part of the development process in the
source of effector (NK) cells used (freshly purified, V/V geno-
typed human NK cells versus cell line), use of a wider range of
dose concentrations used in the more physiological setting, and
use of two different target cell lines.

Mouse xenograft models

Anti-tumor activity was assessed in two xenograft SCID
(severe combined immune deficiency) mouse models of
non-Hodgkin lymphoma with the SU-DHL-4 (diffuse large
B-cell lymphoma) and Jeko-1 (mantle cell lymphoma) cell
lines. SCID mice were subcutaneously injected with 1 X 107
tumor cells into the flank, and those with tumor volumes
of 100-150 mm?3 (SU-DHL-4) or 200 mm? (Jeko-1) after 22
days were randomized to a negative control group (n=10)
which received placebo (Privigen®; polyvalent human IgG
30 mg/kg) and multiple treatment groups which received
GP2013 or originator rituximab over a range of sub-thera-
peutic doses defined according to a pre-established maximal
effect dose. These were 3 mg/kg or 30 mg/kg for SU-DHL-4
(n =50 per group) and 0.03 (rn = 24), 0.1 (n = 40), 0.3 (n = 40)
or 1 mg/kg (n=24) for Jeko-1. Antibodies were administered
intraperitoneally once weekly for 4 weeks. Tumors were cali-
pered twice weekly and mice were euthanized when tumors
attained the 2000 mm?® volume endpoint or at study end
(60 days).

Pharmacokinetics and pharmacodynamics

in cynomolgus monkeys

Comparative PK and PD of GP2013 and originator rituximab
(MabThera®) were assessed in single and multiple dose stud-
ies in cynomolgus monkeys. These were chosen as the most
appropriate pharmacologically relevant species, given the



lack of cross-reactivity of rituximab to non-primate CD20
[20]. In the single-dose study, 14 cynomolgus monkeys were
administered intravenous (i.v.) 5 mg/kg doses of GP2013
or MabThera®. Serum samples were collected for up to 10
weeks after administration. In the multiple-dose study, 32
animals received either 20 mg/kg or 100 mg/kg doses of
GP2013 or MabThera® (eight per group), administered via
weekly i.v. bolus injection for 4 weeks (days 1, 8, 15 and 22).
Animals were then followed for a 4-week dosing-free period,
with a subset (n = 4 per group) followed by a 6-month recov-
ery period. Serum samples were collected for up to 8 or 30
weeks.

Pharmacokinetics assay

A competitive enzyme-linked immunosorbent assay (ELISA)
format was used to determine rituximab concentrations in
cynomolgus monkey serum. A microtiter plate was coated
with a monoclonal rat anti-rituximab antibody and non-
specific binding sites were blocked. A mixture of serum
containing rituximab and a defined concentration of bioti-
nylated rituximab was then added to the coated microtiter
plate. After a further incubation with streptavidin-horserad-
ish peroxidase (HRP) which bound to the biotinylated ritux-
imab, a chromogen was added into the wells and was oxi-
dized by HRP to form a blue-colored complex. After stopping
the reaction with acid, the optical density was measured at
450 nm using a microplate reader. The concentrations of the
quality control and study samples were interpolated using a
standard curve from known concentrations of rituximab that
were processed similarly to the study samples.

Pharmacodynamics assay

B-cellswere subcategorized to followtherelative and absolute
counts of the two B-cell subsets found in cynomolgus mon-
keys (CD20M8h CD40'°" CD21~ and CD20'°" CD40h8h CD21 ")
[20]. Immunostaining analysis of relative cell numbers
(percentage of lymphocytes) was performed using a FACS-
Calibur instrument (Becton Dickinson GmbH, Heidelberg,
Germany). Total lymphocyte counts were determined on the
same day. Absolute numbers of the lymphocyte subpopula-
tions were calculated from relative and total numbers. Anti-
gen saturation was reported as the mean fluorescence inten-
sity (MFI) and anti-CD20 isotype antibody stained B-cells
(gated on CDA40).

Statistics

In vitro ADCC confirmatory assay

The fluorescence values for the triplicate wells representing
the spontaneous release control were averaged, as were the
values for the triplicate wells representing the maximum
lysis control. For each of the wells representing the antibody
dilution series, a “% specific lysis” value was calculated.
The triplicate “% specific lysis” values for each step of each
dilution series were then averaged, and the results graphed
as antibody concentration (ng/mL) versus average % spe-
cific lysis using GraphPad Prism4 software. The GraphPad
Prism4 software was also used to calculate the 50% effective
concentration (EC,,) in each case. To determine whether
the effects of GP2013 were significantly different from those
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of MabThera® in the assays, the results at each antibody
dilution level were compared using a one-way analysis of
variance (ANOVA) with Tukey’s post-test in the SigmaStat
program.

Mouse xenograft models

Due to approximate log-normal distribution of tumor vol-
umes, geometric means were derived for each study day.
The geometric means for each assessment day (before the
first drop-out) were then compared between GP2013 and
MabThera® by deriving their ratio and 95% confidence inter-
val (CI). All calculations and plots were done using R 2.8.1
run on MODESIM.

Pharmacokinetics

The area under the concentration-time curve (AUC) from 0
to t,,, was calculated by trapezoidal integration.
Pharmacodynamics

The PD analyses were conducted for CD40Msh B-cells
(CD20"°"CD40M8"CD21%) and CD40°% B-cells (CD20hsh
CD40"°"CD217). The effect of rituximab on peripheral B-cells
was assessed as percentage change from baseline. The area
under the effect-time curve (AUEC) was calculated for
0-7 days for the above mentioned parameter by trapezoidal
integration. This time interval was chosen as it reflects B-cell
depletion after a single dose of rituximab in both studies. To
account for some of the intraindividual variability, the mean
of three pre-dose measurements was taken as the baseline
value. These pre-dose values were taken at the day of dosing
and 2 and 4 days prior to dosing.

Descriptive analysis

Descriptive statistics (geometric mean [for PK analysis],
arithmetic mean [for PD analysis], co-efficient of variation)
were calculated for each parameter and for each treatment

group.

Inferential statistical analysis

Based on fundamental PK relationships, the multiplicative
model was applied for the concentration related parameters
AUC and AUEC for percentage change from baseline using
log-transformed data. The test item group was compared
to the reference group using 90% confidence intervals for
the ratio of the means for the PK parameter AUC and using
95% confidence intervals for the ratio of the means of the
PD parameter AUEC for percentage change from baseline.
An ANOVA was performed to estimate the residual error,
which was used to construct the confidence intervals. Treat-
ment was the only effect considered in the ANOVA model.
Arithmetic and geometric means used for the calculation
of point estimators, such as differences or ratios between
treatments, were derived from the ANOVA as least squares
means or exponentially transformed least squares means,
respectively. The analyses were performed using the SAS
procedure PROC GLM. The corresponding confidence
intervals were then calculated using the least squares means
and the root of the residual mean squares from the ANOVA
of the log-transformed data with subsequent exponential
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transformation. All statistical calculations were performed
using the SAS software version 8.2.

Results

Target-directed biosimilar development: linking
a-fucosylated glycans to in vitro ADCC activity
Glycosylation of the antibody Fc fragment is essential for Fc
receptor-mediated activity and complement binding [21].
Human IgGls carry two N-linked complex-type glycans,
which influence the conformation of the Fc domain via
multiple non-covalent interactions with the CH2 domain.
It has been shown that reduced levels of core-fucose
increases the affinity to FcyRIIla (CD16), which is expressed
on ADCC effector cells, resulting in increased ADCC [22,23].
The importance of ADCC as a key mechanism of action for
rituximab was shown in clinical settings, as the response
rate of patients with follicular lymphoma (FL) was higher in
a cohort carrying the higher affinity FcyRIIla V158 variant
when compared to the cohort carrying the lower affinity
FcyRIIla F158 variant, also resulting in the classification of
rituximab as a class I therapeutic antibody [11,14]. As small
changes in the low abundant a-fucosylated bGO glycan
species can influence ADCC, it was important to closely
monitor this glycan during the development of GP2013.
Using a sensitive and specific quantification method, the
a-fucosylated bGO glycan species was shown to occur in
originator rituximab at levels between 0.3 and 1.8%. The
target-directed biosimilar development approach includes
amultiple-step cell line selection process that enables steer-
ing the biosimilar product toward the originator product
quality. Using the variability in the a-fucosylated bGO struc-
tures, which in theseinitial pools and clonesranged between
0.2 and 8.2% in the early development stages of the proposed
biosimilar rituximab, a clear correlation (R? = 0.925) could
be shown between a-fucosylated bG0 and results from a
quantitative in vitro ADCC potency assay [Figure 1(A)].
A similar quantitative relationship between a-fucosylated
glycans and ADCC has previously been reported [24-26].
Thus, while starting with large a-fucosylated bGO glycan
variability, the multiple-step biosimilar cell line selection
approach allowed targeted selection of a clone producing
rituximab closely matching the a-fucosylated bGO levels
of the originator product [Figure 1(B)]. The proposed bio-
similar rituximab from the selected clone was subsequently
shown to display the same in vitro ADCC potency activity
as the originator rituximab.

In vitro ADCC confirmatory assay

To further confirm that the final quality of GP2013 ulti-
mately used in clinical trials displayed ADCC activity com-
parable to that of MabThera®, an alternative format of the
ADCC assay was employed in which freshly purified NK
cells carrying a CD16 (FcyRIII) isoform from a V/V geno-
typed healthy donor were used. This isoform of CD16 has a
higher affinity to the Fc-domain of IgG and is highly sensi-
tive to even very small changes in relative levels of fucose
in the glycoform. The ADCC results obtained against both
SU-DHL-4 and Daudi target cells are shown in Figure 2,
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Figure 1. (a) The wide range of a-fucosylated bGO0 glycans in GP2013
development samples allowed the establishment of a quantitative
structure-function relationship between a-fucosylated bGO and
ADCC. Black squares: GP2013 development samples; gray squares:
rituximab originator samples; white squares: GP2013 samples from
the final process produced on a large scale under good manufacturing
practice (GMP). (b) Target-directed development of GP2013 to ensure
that a-fucosylated bGO0, and thus ADCC, is within the originator target
range. The different steps entailed: (1) selection and subsequent
cloning of a pool from a parental Chinese hamster ovary (CHO)
cell line with a good overall quality and productivity profile and an
a-fucosylated bGO value closest to originator rituximab; (2) selection of
the clone with the best overall quality profile, with a-fucosylated bG0
structure being close to the originator and showing little variation; (3)
exposing the selected clone to different process conditions to optimize
the overall quality and productivity profile resulting in the selection of
a final process; (4) GMP production of GP2013 on a large scale using
the final process, resulting in a-fucosylated bGO0 values in the middle
of the originator range.

and demonstrate that both products have a similar potency
across multiple concentrations tested, with an overlapping
profile over the entire range. Statistical analysis of the indi-
vidual concentrations as well as of the data set as a whole
confirmed that there were no statistically significant differ-
ences between GP2013 and originator rituximab on the two
cell lines tested (not shown).

Mouse xenograft models

To confirm the successful engineering of the structure-
function relationships impacting on efficacy at the in vivo
level, two mouse xenograft models that have been exten-
sively employed for the characterization of rituximab were
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Figure 2. Comparative assessment of ADCC potency against (a)
SU-DHL-4 cells and (b) Daudi cells.

used. These models more comprehensively assess the
complex interactions between various attributes influenc-
ing the overall pharmacological profile of the therapeutic
antibody in a single, enclosed system. To further increase
the sensitivity of the models to identify any potential dif-
ferences between GP2013 and MabThera® suboptimal
therapeutic doses were tested, since compensatory effects
of one attribute versus another are less likely to occur at
sub-maximal drug exposure levels. Both GP2013 and origi-
nator rituximab inhibited tumor growth to a similar extent,
including at the sensitive mid-dose levels (Figure 3).

In the SU-DHL-4 model, both GP2013 and MabThera®
at 3 and 30 mg/kg produced comparable dose-dependent
changes of mean tumor volume of treated versus placebo
[Figure 3(a)]. The normalized data for tumor volume mea-
surements up to day 23 resulted in ratios of geometric means
(GP2013 vs. MabThera®) ranging from 1.00 to 1.19 at the 3
mg/kg and from 0.89 to 1.08 at the 30 mg/kg dose (Table I).
The 95% Clvalues increased with time, indicating the increas-
ing intra-group heterogeneity associated with the xenograft
model. No trends were observed in the ratios that would
indicate deviation from standard therapeutic comparability
parameters, notwithstanding the increasing intra-group het-
erogeneity at later time points.

In the Jeko-1 model, similar dose-response effects on
efficacy were observed with GP2013 and MabThera®. The

Development of proposed biosimilar rituximab 1613

(a) SU-DHL-4 model
-O- 1gG Control 30 mg/kg

20007 o GP2013 3 mglkg
= -%- GP2013 30 mg/kg
€ 1600 - . -
3 —A— Originator rituximab 3 mg/kg
[} .. . .
/- Originator rituximab 30 mg/kg ©
g 1200 A 9 99
°
>
2 800 A
=3
- -
400 - e 4 U T
0 T T T T T 1
0 5 10 15 20 25 30
(b) Days
Jeko-1 model
—o- |gG Control 1 mg/kg
—A— GP2013 0.03 mg/kg -/ Originator rituximab 0.03 mg/kg
—- GP2013 0.1 mg/kg <>~ Originator rituximab 0.1 mg/kg
—# GP2013 0.3 mg/kg {1~ Originator rituximab 0.3 mg/kg
- GP2013 1 mg/kg > Originator rituximab 1 mg/kg
2400 -
T 2000 -
E
g 1600
=]
S 1200 -
S
g 800 -
=
400 -
0 T T T 1
20 25 30 35 40

Days

Figure 3. In vivo comparability in two mouse xenograft models of non-
Hodgkin lymphoma. (a) SU-DHL-4 model, (b) Jeko-1 model.

maximal anti-tumor response with both antibodies was
stasis at the highest dose level of 1 mg/kg. The minimally
effective dose for each of the antibodies was determined
to be 0.3 mg/kg [Figure 3(b)]. Ratios of geometric means of
tumor volumes ranged from 1.00 to 1.06 at the 0.1 mg/kg and
from 1.00 to 0.95 at the 0.3 mg/kg dose from day 21, which
was the start of treatment, to day 36, which was the last day
that all animals remained. Thus, inhibition of tumor growth
was comparable for GP2013 and originator rituximab at both
sensitive doses (0.1 and 0.3 mg/kg) (Table I).

Pharmacokinetics and pharmacodynamics

in cynomolgus monkeys

Pharmacokinetics

PK analyses were limited to the first 9 days and 14 days
post-first i.v. administration in the single (5 mg/kg) and
repeat dose (20 and 100 mg/kg) PK/PD studies, respec-
tively. The reason for this was the development of anti-
rituximab antibodies to both GP2013 and MabThera®
between day 9 and day 14 (single dose) and from day 14
onwards (repeated dose).

Mean concentration-time profiles after single 5 mg/
kg administration were fairly similar over the first 9 days
post-administration [Figure 4(a)]. Non-compartmental
PK analysis confirmed bioequivalence between GP2013
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Table I. Comparison of tumor volume in two mouse xenograft models of non-Hodgkin lymphoma.

Model* GP2013:originator rituximab ratio of geometric means of tumor volume (95% Cls)
SU-DHL-4
model
Dose Day 4 Day9 Day 13 Day 16 Day 20 Day 23
3mg/kg  1.00 1.07(0.98-1.17) 1.05(0.90-1.23) 1.13(0.94-1.36) 1.19(0.97-1.47) 1.07 (0.82-1.38)
30mg/kg 1.00 0.94(0.83-1.07) 0.89(0.71-1.10) 0.93(0.72-1.21) 1.00(0.73-1.36) 1.08 (0.70-1.69)
Jeko-1 model
Dose Day 21 Day 22 Day 26 Day 29 Day 33 Day 36

0.1 mg/kg 1.00(0.86-1.18) 0.99 (0.90-1.10)
0.3mg/kg 1.00(0.84-1.15) 0.97 (0.88-1.07)

0.89 (0.74-1.08)
1.02 (0.82-1.26)

0.97 (0.77-1.22)
1.22 (0.93-1.59)

1.08 (0.80-1.46)
0.94 (0.60-1.48)

1.06 (0.74-1.51)
0.95 (0.53-1.71)

*SU-DHL-4 model: day 1 was start of treatment. Due to a delay in onset of response until day 4 that is typical of this model, analyses were
carried out on tumor volumes normalized relative to the value at day 4. Jeko-1 model: day 21 was start of treatment. Tumor volumes were

calculated up to the last day that all animals remained.
CI, confidence interval.

and MabThera® with nearly identical AUCs and 90% Cls
within the standard bioequivalence acceptance range
of 0.8-1.25. For maximum concentration (C_, ) values,
geometric means were approximately 13% lower with
GP2013 compared with originator rituximab. This small
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Figure 4. Pharmacokinetics comparison in cynomolgus monkeys after

i.v. administration of (a) single 5 mg/kg dose (b) repeat 20 mg/kg dose,
(c) repeat 100 mg/kg dose.

difference is not considered relevant, and is most likely
due to intrinsic heterogeneity in serum sampling collec-
tion after i.v. administration.

Mean concentration-time profiles after repeated dosing
of 20 mg/kg and 100 mg/kg were also comparable between
GP2013 and the reference product over the 14-day obser-
vation period [Figure 4(b and c)]. A comparable AUC was
observed under all treatments. GP2013 and MabThera®
exhibited nearly identical AUCs and 90% ClIs lying entirely
within the standard bioequivalence acceptance range of
0.8-1.25. Comparable AUCs were observed following both
dose levels, indicating that GP2013 and MabThera® are
similar at the PK level preclinically.

Pharmacodynamics

A pronounced depletion within the first week and a slow
return to baseline from week 6, which was sustained until
the end of the study at week 10, were observed for the two
peripheral B-cell subpopulations (CD20°“CD40"8hCD21*
and CD20MshCD40'°"CD217) in the single-dose study
[Figure 5(a)]. These two B-cell subsets differ in their sus-
ceptibility to rituximab-induced depletion driven by the
relatively different levels of target (CD20) density on the
cell surface [20]. In both GP2013 and MabThera®, the two
subsets recovered with comparable kinetics. A slightly
lower, but still comparable depletion (up to day 7) was
seen for GP2013 in the CD20°“CD40Ms’CD21" B-cell
subpopulation with an approximately 9% lower depletion
when compared with MabThera® (i.e. a ratio of the AUECs
for percentage change from baseline of 0.91 [95% CI 0.
82-1.01] for GP2013 vs. MabThera®). However, this small
difference was diminished when the CD20"¢"CD40'°"CD21~
B-cell subpopulation was analyzed (with an AUEC ratio
for percentage change from baseline of 0.99 [95% CI 0.97-
1.00]). In both subsets, bioequivalence between GP2013
and MabThera® was demonstrated, with the 95% CIs of
the AUEC ratios falling within the acceptance range of
0.80-1.25.

Similarly, a pronounced depletion and a slow return of
the two peripheral B-cell subpopulations analyzed were
observed in the multiple-dose study [Figure 5(b and c)].
Both treatment groups showed a very similar course for
B-cell depletion and recovery. For CD20'°"CD40"¢"CD21+
B-cells, recovery started from week 3 onward for the 20
mg/kg dose groups, while for the 100 mg/kg dose group
none of the animals showed a B-cell recovery during the
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Figure 5. Pharmacodynamics comparison in cynomolgus monkeys
after i.v. administration of (a) single 5 mg/kg dose, (b) repeat 20 mg/kg
dose, (c) repeat 100 mg/kg dose.

initial 10-week observation period (except for one animal
in the MabThera® group). Of note, in this toxicokinetic
study, data after 4 weeks following administration refer
only to a subgroup of animals (n = 4/treatment group),
which explains the heterogeneity in the data. Analyses of
other immune cell subtypes, part of a standard preclini-
cal toxicology assessment carried out in parallel, equally
showed comparable distribution in both treatment groups
and throughout the entire observation period (data not
shown).

Discussion

Biologics have become increasingly integral to the
treatment of various cancers and autoimmune diseases.
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However, the high costs associated with these products
have led to reimbursement challenges which in turn have
resulted in restricted knock-on patient access to many
treatments. Biosimilars offer a solution to this downward
spiral, providing similar medication at a more cost-
effective price, and ultimately leading to expanded patient
access.

Despite their complexity and heterogeneity, mAbs can be
comprehensively characterized by using modern and sensi-
tive analytical techniques [9,10]. Biosimilar development
leverages this knowledge and, through a target-directed
iterative development process, can deliver a product that is
as similar to the reference product as the reference product
is to itself.

Proof of similarity is then assessed by a comparability
exercise based on comprehensive physicochemical and bio-
logical characterization, preclinical studies and focused clin-
ical assessment. This totality of evidence approach ensures
comparability between the proposed biosimilar and the
reference product with regard to quality, safety and efficacy,
and subsequent regulatory approval with the same label as
the originator drug without the need for clinical trials in all
indications.

The preclinical data presented here show the structure-
function relationship between variations in glycan fuco-
sylation and ADCC potency of the proposed biosimilar
rituximab GP2013, and demonstrate how cell line selec-
tion process adjustments were made to engineer a product
with similar attributes and comparable biological activity
to that of the originator. This example illustrates how state-
of-the-art analytical techniques can effectively detect
minute variations in post-translational modifications.
A range of assays, including affinity binding to a repre-
sentative panel of Fcy-receptors, FcRn and CD20 binding,
as well as assessment of the two other postulated mech-
anisms-of-action of rituximab, e.g. CDC and apoptosis,
further confirmed the functional similarity, preclinically,
of the two products. The comprehensive physicochemical
and functional characterization of GP2013, forming the
basis for the proposed biosimilarity, has previously been
reported [17].

The comparability of GP2013 and originator rituximab
was also demonstrated in in vivo preclinical models. In
xenograft SCID mice, both GP2013 and originator ritux-
imab inhibited tumor growth with similar potency. The
use of a dose-scaling approach, which included admin-
istration of suboptimal and mid-dose levels which are
more sensitive for detecting small differences in activity
between products, did not show any differences in anti-
tumor potency. Moreover, the relative anti-tumor efficacy
of both products remained comparable throughout the
observation period.

Finally, preclinical similarity between GP2013 and orig-
inator rituximab was also demonstrated in cynomolgus
monkeys, the pharmacologically most relevant species,
for both PK (AUC) and PD (B-cell depletion). Exposure
at three different dose levels following either a single or
repeated dose administration was comparable between
GP2013 and MabThera®, showing that post-translational
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modifications that might affect interactions with FcRn
and subsequent recycling and clearance of mAbs had
been adequately engineered into the proposed biosimilar
rituximab [27-29]. Two different B-cell subsets have been
identified in cynomolgus monkeys:

CD20"e"CD40'°*CD21 ~and  CD20°“CD40"¢"CD21*
[20]. These two B-cell subsets differ significantly in their
relative in vitro and in vivo susceptibility to rituximab,
with lower doses more readily depleting the CD20"sh
B-cell subset and significantly higher doses being required
for depletion of the CD20'°¥ set, reflecting the influence
of the avidity of the target antigen (CD20) expression lev-
els on B-cells on the pharmacological properties of the
antibody. Importantly, the observation that both GP2013
and MabThera® resulted in similar levels of recovery
of B-cell counts following discontinuation of treatment
further suggests that no differences in the reconstitution
of this immune cell compartment from bone marrow
derived pre-B-cells are to be expected, nor that there will
be differences in overall immune responses mediated by
other compartments. This assumption is corroborated by
clinically relevant analytical data from these cynomolgus
studies showing comparable responses between the two
treatment groups, including neutrophil counts (data not
shown). The use of a wide range of doses indicates that
equivalent exposure and PD response can be expected
for GP2013 and originator rituximab in different disease
treatment settings using varying dose regimens. Extrapo-
lating from the findings here, the data also confirm that
the approved dose for the clinical use of the originator
rituximab can be used to conduct clinical trials to assess
biosimilarity of the products. GP2013 is being assessed
in two clinical trials: one initial phase II study in patients
with rheumatoid arthritis to assess PK and PD similarity
and an additional phase III study in patients with follicular
lymphoma to assess similarity in efficacy and safety.

To conclude, biosimilar development involves a target-
directed iterative process using state-of-the-art technolo-
gies to obtain a product with very similar attributes to the
originator drug. The primary amino-acid sequence is iden-
tical to that of the reference, which is often not the case for
so-called copy or generic biologics that do not follow the
biosimilar regulatory principles [10]. The engineered com-
prehensive physicochemical and functional character-
ization together with appropriate preclinical and clinical
confirmatory programs aim to prove that biosimilars are
comparable to the originator with regard to quality, safety
and efficacy. Such biosimilars then have an important role
in bringing high quality, and similarly efficacious and safe
medications at a more affordable cost, to more patients
around the world.
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