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ABSTRACT

Introduction: Biologic therapeutics can trigger
immune responses in patients. As part of the
totality of evidence that is required for regula-
tory approval of biosimilars, immunogenicity
similarity must be assessed in the clinical pro-
grams. Pegfilgrastim-cbqv (UDENYCA®) is a
pegfilgrastim biosimilar approved in the USA
and European Union. This article demonstrates
the similar immunogenicity of pegfilgrastim-
cbqv compared with its reference product, peg-
filgrastim (Neulasta®).

Methods: The immunogenicity of pegfilgrastim-
cbqv was assessed in three clinical studies in
healthy subjects (one specifically designed to
evaluate immunogenicity similarity and two
studies to assess pharmacokinetics and pharma-
codynamics bioequivalence) using a tiered
approach, in which plasma samples were tested
for the presence of antidrug antibodies (ADAs) as
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well as ADA binding-specificity, titer and neu-
tralizing activity. To assess the clinical impact of
ADAs, pharmacokinetics, pharmacodynamics
and safety profiles were compared between ADA-
positive and -negative subjects.

Results: These studies demonstrated similar
immunogenicity of pegfilgrastim-cbqv and
pegfilgrastim. The small differences in ADA
incidence between treatment groups observed
in the immunogenicity study were driven by
non-neutralizing, low-titer, polyethylene glycol
(PEG)-reactive ADAs, which are commonly
present in healthy subjects. No treatment-
emergent neutralizing antibodies (NAbs) were
detected in either treatment group, and there
was no apparent impact of ADAs on pharma-
cokinetics, pharmacodynamics or safety.
Conclusion: Pegfilgrastim-cbqv  has  similar
immunogenicity to pegfilgrastim. The pre-
sented immunogenicity, pharmacokinetics,
pharmacodynamics and safety data support the
overall demonstration of no clinically mean-
ingful differences between pegfilgrastim-cbqv
and pegfilgrastim.

Clinical Trial Registration: NCT02418104
(CHS-1701-04, April 2015), NCT02650973 (CHS-
1701-05, February 2016) and NCT02385851
(CHS-1701-03, March 2015).

Keywords: UDENYCA; Pegfilgrastim; G-CSF;
Immunogenicity; Febrile neutropenia; Biosim-
ilar
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Key Summary Points

This study demonstrates that the
immunogenicities of pegfilgrastim-cbqv
and its reference product pegfilgrastim are
highly similar

Evaluation of pharmacokinetics,
pharmacodynamics and safety in antidrug
antibody (ADA)-positive and -negative
subjects showed that anti-pegfilgrastim
antibodies had no clinically meaningful
impact

This article demonstrates the low
immunogenic risk of pegfilgrastim-cbqv
and supports the overall demonstration of
similarity between pegfilgrastim-cbqv and
pegfilgrastim

INTRODUCTION

Biosimilars are biologic therapeutics that are
highly similar in structure, function, efficacy and
safety to their reference product, the licensed
biologic therapeutic against which a biosimilar
candidate is evaluated [1-4]. A biosimilar
undergoes an extensive review process to con-
firm that there are no clinically meaningtul dif-
ferences in safety, purity and potency compared
with its reference product [1-3, 5]. Both the US
Food and Drug Administration (FDA) and Euro-
pean Medicines Agency (EMA) require a totality-
of-evidence approach to establish similar efficacy
and safety, which includes demonstration of
analytical (structural and functional) similarity
and clinical demonstration of similar pharma-
cokinetics (PK), efficacy, safety and immuno-
genicity [1, 2]. All biologic therapeutics can be
immunogenic or elicit an immune response. The
clinical impact of the immune response, mea-
sured as circulating antidrug antibodies (ADAs),
varies from no clinical impact to reduced or no
efficacy to severe adverse events (AEs).
Pegfilgrastim (Neulasta®; Amgen, Thousand
Oaks, CA) is a pegylated, long-acting form of

filgrastim (granulocyte colony-stimulating fac-
tor [G-CSF]) [6, 7]. In contrast to filgrastim,
pegfilgrastim is not prematurely eliminated
from circulation by the kidney but is cleared by
binding to the G-CSF receptor and subsequent
internalization by neutrophils and their pre-
cursor cells [8, 9]. Thus, the addition of poly-
ethylene glycol (PEG) allows for slower
clearance and results in less frequent injections
for patients [8, 9]. Pegfilgrastim-cbqv (UDE-
NYCA®; Coherus BioSciences, Redwood City,
CA) is a biosimilar of pegfilgrastim, approved by
the FDA and EMA for the prophylaxis of febrile
neutropenia in patients receiving myelosup-
pressive chemotherapy [7, 10]. The immuno-
genicity of pegfilgrastim is low with no reported
clinical impact [7]; however, in theory an
immune response against pegfilgrastim could
neutralize its activity or accelerate drug clear-
ance and thus reduce its efficacy. Although an
immune response against the polyethylene
glycol (PEG) portion of the pegfilgrastim mole-
cule is not expected to have safety conse-
quences, an ADA binding the molecule’s G-CSF
portion might also neutralize endogenous
G-CSF, with potential adverse safety conse-
quences. Therefore, a thorough assessment and
characterization of the immunogenicity of
pegfilgrastim-cbqv and pegfilgrastim were
undertaken as part of the clinical development
program to demonstrate that there were no
clinically meaningful differences.

Here we present clinical data evaluating the
immunogenicity of pegfilgrastim-cbqv com-
pared with its reference product, pegfilgrastim.
These data were generated in healthy, immune-
competent subjects, as these individuals com-
prise the most sensitive population in which to
evaluate potentially subtle differences in
immunogenicity [4]. Data from the key
immunogenicity study (CHS-1701-04) along
with a pooled analysis of immunogenicity data
from CHS-1701-04 and two single-dose, cross-
over PK/pharmacodynamics (PD) studies in
healthy subjects (CHS-1701-05 and CHS-1701-
03) are presented. The pooled analysis was
conducted to increase both the size of the
dataset and the robustness of the immuno-
genicity data comparing pegfilgrastim-cbqv
with pegfilgrastim.
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METHODS

Study Designs and Objectives

The immunogenicity of pegfilgrastim-cbqv was
assessed in clinical studies CHS-1701-04, CHS-
1701-05 and CHS-1701-03 (Fig. 1). The same
dose (6 mg pegfilgrastim or pegfilgrastim-cbqv
in 0.6 ml deliverable volume) was administered
in all three studies. The studies were conducted
in accordance with all laws and regulations
applicable at the respective study sites, and they
complied with the International Conference for
Harmonization E6 Guideline on Good Clinical
Practice and the Declaration of Helsinki. The
protocols and informed consent forms were
approved by the study sites’ institutional review
boards (IRBs) before initiation of the studies.
Study CHS-1701-04 (NCT02418104) was a
randomized, double-blind, two-period, parallel-

Randomization

arm study designed to assess the immuno-
genicity (primary objective) and safety of two
sequential doses of pegfilgrastim-cbqv com-
pared with pegfilgrastim in healthy subjects.
Preexisting (predose at baseline) and treatment-
emergent (negative at baseline and positive
after dose) ADAs and neutralizing antibodies
(NAbs) were summarized by treatment group.
Immunogenicity outcomes were: (1) the per-
centage of subjects with treatment-emergent,
titer > 2, persistent (defined as > 2 positive
time points with > 1 positive time point after
second dose) ADAs and (2) the percentage of
subjects with NAbs. Secondary objectives were
the assessment of the impact of ADAs and NAbs
on the PK, PD and safety profile of pegfilgras-
tim-cbqv. Patients were randomly assigned 1:1
to treatment groups with study site as the
stratification factor. A total of 303 subjects were
randomized and treated. Three hundred three

Study Name Period 1 Period 2 Period 3
& Sequence
o Pegfilgrastim-cbqv Pegfilgrastim-cbqv
CHS-1701-042 =i Joc ik
(N CT024181 04) Pegfilgrastim Pedfilgrastim
(n =152) (n=121)
ADA time points (day) 1 41 1 13 27 41
1
Dosing time points Dose 1 Dose 2
Washout period I 242 days I
Pedfilgrastim-cbqv Pedfilgrastim
CHS-1701-03 (0= 029
(N CT02385851 ) e Pegdfilgrastim Pegfilgrastim-cbqv
(n = 58) (n = 49)
ADA time points (day) 1 13 4 1 13 27 41
1
Dosing time points Dose 1 Dose 2
Washout period |— 242 days —I
o Pegfilgrastim-cbqv Pegfilgrastim Pegfilgrastim
(n=43) (n=32) (n=22)
CHS-1701-05 Q Pegfilgrastim Pegfilgrastim-chqv Pegfilgrastim
(NCT02650973) (n=37) (n=27) (n=21)
G Pegfilgrastim Pegfilgrastim Pegfilgrastim-chqv
(n=42) (n=35) (n=26)
ADA time points (day) 1 1 1 1 1 1" 28
1 1 1
Dosing time points Dose 1 Dose 2 Dose 3
Washout period I— 228 days l 228 days I

Fig. 1 Study schematics. “In study CHS-1701-04, 303
subjects were randomized and evaluated for safety. Due to
protocol deviation (some subjects receiving the incorrect

dose 2), a total of 268 subjects were included in the ADA
analyses. ADA antidrug antibody
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subjects were randomized into the study: 151
subjects to receive pegfilgrastim-cbqv and 152
subjects to receive pegfilgrastim. IRB approval
was obtained from Chesapeake IRB (currently
Advarra; Columbia, MD, USA), IntegReview
Independent IRB (Austin, TX, USA), Midlands
IRB (Overland Park, KS, USA) and Western IRB
(WIRB, Puyallup, WA, USA).

Study CHS-1701-05 (NCT02650973) has
been previously described [11]. Briefly, this
study was a randomized, single-blind, partial
reference-replicated, three-sequence, three-pe-
riod crossover study to assess PK and PD bioe-
quivalence of  pegfilgrastim-cbqv and
pegfilgrastim in healthy subjects. Patients were
randomly assigned 1:1:1 to treatment sequence
groups with study site and sex as stratification
factors. Each treatment sequence group (A, B, or
C) included one dose of pegfilgrastim-cbqv and
two doses of pegfilgrastim. One hundred
twenty-two subjects were randomized to one of
three treatment sequences; each included one
dose of pegfilgrastim-cbqv and two doses of
pegfilgrastim separated by > 28 days. IRB
approval was obtained from Schulman IRB
(Cincinnati, OH, USA), Alpha IRB (San Cle-
mente, CA, USA), Chesapeake IRB and Inte-
gReview Independent IRB.

Study CHS-1701-03 (NCT02385851) was a
randomized, double-blind, single-dose, two-
period crossover study to assess PK and PD
bioequivalence of a single dose of pegfilgras-
tim-cbqv versus a single dose of pegfilgrastim
in healthy subjects. One hundred sixteen
healthy volunteer subjects were screened and
randomized into the study: 58 each into
Treatment Sequence A (pegfilgrastim-cbqv fol-
lowed by pegfilgrastim) and Treatment
Sequence B (pegfilgrastim followed by pegfil-
grastim-cbqv). IRB approval was obtained from
IntegReview Independent IRB.

Study Population

All three studies enrolled adults aged 18 to
50 years with body weight of > 50 kg and body
mass index of 18-32kg/m?. All subjects were
medically healthy with clinically insignificant
findings based on medical history, 12-lead

electrocardiogram results and physical exami-
nation. Subjects with positive urine pregnancy
test (female subjects only), previous exposure to
pegfilgrastim or filgrastim or known allergy to
PEG were excluded.

The safety population included all randomly
assigned subjects who received > 1 dose of either
study drug: pegfilgrastim-cbqv or pegfilgrastim.
The safety population was used for all safety
analyses in study CHS-1701-04, including ADAs,
anti-G-CSF antibody titers for G-CSF-reactive
ADA samples, and the coprimary NAb endpoint
for all ADA-positive samples. In study CHS-1701-
04, the ADA population included subjects who
received both doses of the same study drug and
who had > 1 ADA assessment after the second
dose.

Treatments

On day 1 of each period, subjects were admin-
istered a single dose of pegfilgrastim-cbqv
(6 mg/0.6 ml via sterile single-use prefilled syr-
inge) or pegfilgrastim (6 mg/0.6 ml via sterile
single-use prefilled syringe) subcutaneously per
treatment assignment.

In studies CHS-1701-03 and CHS-1701-04,
treatment was spaced > 42 days apart. In study
CHS-1701-05, treatment of male subjects was
spaced > 28 days apart; female subjects were
dosed in 28-day intervals (£ 2 days) to decrease
the intrasubject variability that could be intro-
duced by dosing at different times throughout
the subject’s menstrual cycle.

Assessments

In studies CHS-1701-04 and CHS-1701-03,
plasma samples for ADA testing were collected
on day 1 (predose) and on days 13, 27 and 41
postdose for periods 1 and 2 (Fig. 1). In study
CHS-1701-05, plasma samples for ADA testing
were collected on day 1 (predose), on day 11
postdose in each period and on day 28 follow-
ing the last dose of the study drug in period 3
(Fig. 1).

The testing strategy to assess immunogenic-
ity followed a tiered approach (Fig. 2). All sam-
ples were tested in a screening assay to detect
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Legend:
Screening/Titer () ADAassay
D NAb assay

ositive
Vp D Anti—-G-CSF titer assay

positive |

Confirmatory assay
| (CHS-1701 competition)

ositive
Vp

Binding specificity

characterization ’

\ 4

v i
NAb assay PEG competition

v

[ G-CSF competition ]

\ 4

positive

[ PEG-reactive ADA J

[ G-CSF-reactive ADA J

v

G-CSF cross reactivity
NAb assay

Vposmve

Anti—G-CSF ADA titer®

Fig. 2 Schematic of tiered immunogenicity assay approach. *Applies to study CHS-1701-04 only. ADA antidrug antibody;

G-CSF granulocyte-colony stimulating factor; NAb neutralizing antibody; PEG polyethylene glycol

ADAs. All ADA-positive samples were subse-
quently evaluated by titration to measure ADA
titer and were tested in a confirmatory assay
using competition with pegfilgrastim-cbqv. To
evaluate the binding specificity of ADAs,
confirmed positive samples were tested further
for ADA binding to the PEG or filgrastim (G-
CSF) parts of the pegfilgrastim molecule using
PEG and G-CSF competition assays. For study
CHS-1701-04, samples that tested positive in
the G-CSF competition assay (G-CSF-specific
ADA) were further analyzed using a validated
anti—G-CSF titer assay to determine the titer of
G-CSF-specific ADA. All confirmed ADA-posi-
tive samples were tested in a validated cell-
based NAb assay to determine whether the
ADAs were neutralizing. NAb-positive samples
were further tested in a cross-reactivity assay
to determine neutralizing activity against
human G-CSF.

The impact of ADAs on the PK of pegfilgras-
tim-cbqv or pegfilgrastim was evaluated by
measuring plasma pegfilgrastim levels using a
validated enzyme-linked immunosorbent assay

[11]. The impact of ADAs on the PD of pegfil-
grastim-cbqv or pegfilgrastim was evaluated by
measuring ANC in the blood, an established
surrogate PD biomarker of clinical efficacy [11].
For safety analyses, treatment-emergent AEs
(TEAEs), vital signs, laboratory variables and
local injection site reactions (ISRs) were recor-
ded. The impact of ADAs on TEAEs and ISRs was
assessed.

Anti-drug Antibody Assay

In the screening assay, the presence of anti-
pegfilgrastim antibodies was assessed with a
validated electrochemiluminescence (ECL)-
bridging ADA assay method, using a mixture of
biotinylated pegfilgrastim-cbqv and rutheny-
lated (SULFO-TAG™, Meso Scale Diagnostics,
Rockville, MD, USA) pegfilgrastim-cbqv. Anti-
pegfilgrastim-cbqv or anti-pegfilgrastim anti-
bodies, if present in the samples, bivalently
bound to the labeled pegfilgrastim-cbqv mole-
cules and formed a bridge. This complex was
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then detected by excitation of the SULFO-
TAG™ via an electrochemical reaction of
Ru(bpy)3 to generate an ECL signal, which was
read using the MSD Sector Imager 6000 (Meso
Scale Diagnostics). Titer was determined by
serial two-fold dilutions. Sample titer was
defined as the highest dilution that tested pos-
itive in the titer assay multiplied by the mini-
mal required dilution (MRD = 2; thus, a titer of
2 was the lowest measurable titer). In the con-
firmatory assay, screen-positive samples were
tested in the presence of excess pegfilgrastim-
cbgv to determine whether the signal was spe-
cific. All confirmed ADA-positive samples were
turther tested in the presence of excess PEG or
G-CSF to characterize the binding specificity of
the ADA to the PEG or filgrastim moieties of
pegfilgrastim-cbqv.

Anti-G-CSF Antibody Titer Assay

Plasma samples from study CHS-1701-04 con-
firmed to have G-CSF-reactive ADAs were ana-
lyzed for titer of the anti-G-CSF antibodies using
an ECL bridging assay. The titer assay used an
MSD GOLD Streptavidin plate (Meso Scale Diag-
nostics) and a mixture of biotinylated and
ruthenylated (SULFO-TAG™!) G-CSF prepared
using a recombinant glycosylated form of G-CSF
expressed in HEK cells, which represents
endogenous G-CSF. Rabbit polyclonal anti-
G-CSF antibody (Abcam #9691) was used as a
positive control. Test samples and controls were
diluted 1:2 in assay buffer, and subsequent two-
fold serial dilutions of the neat test samples were
prepared in matrix diluent (PNHP) followed by
dilution to the MRD in assay buffer. After incu-
bation of samples and subsequent washing, read
buffer was added and the plate was read on the
Sector Imager 6000 (Meso Scale Diagnostics). The
titer was determined to be the highest-fold dilu-
tion that had a signal-to-noise (S/N) ratio greater
than or equal to the statistically derived titer
cutpoint (S/N = 1.28) multiplied by the MRD =
2. ADA-confirmed positive samples that had an
S/Nratio less than the titer cutpoint at MRD were
reported as titer < 2. Minimum titer measured in

the anti-G-CSF antibody titer assay is 2, which
corresponds to ~ 16.3 ng/ml concentration of
anti-G-CSF rabbit polyclonal antibody—positive
control. Also, 200 ng/ml of positive control
generates a titer of 16-32; in comparison, 200 ng/
ml of the same positive control generates a titer of
4-8 in the ADA assays.

NADb Assay

The NAb assay utilized a cell line (NSF-60)
that depends on G-CSF or mouse interleukin 3
(mIL-3) for proliferation. Cell proliferation
after incubation with pegfilgrastim-cbqv was
detected by a luminescent method (CellTiter-
Glo; Promega, Madison, WI, USA) to measure
adenosine triphosphate (ATP), which is pro-
duced by metabolically active cells. The assay
sensitivity was 137 ng/ml. The plasma samples
that were identified positive in the presence of
pegfilgrastim-cbqv—induced cell proliferation
were further tested in a NAb specificity assay,
in the presence of mlIL-3 instead of pegfil-
grastim-cbqv. This was done to confirm that
the signal observed in the screening assay was
not due to matrix factors that nonspecifically
inhibit cellular proliferation. Finally, a confir-
matory assay, involving a Protein A/G/L
Sepharose immunodepletion step, confirmed
that the inhibition of the pegfilgrastim-cbqv
signal was due to immunoglobulins G or M
(IgG or IgM). All samples that were confirmed
positive were further tested in the presence of
human G-CSF to determine whether endoge-
nous G-CSF was neutralized.

Statistical Considerations

The presence of ADAs and NAbs by treatment
groups is presented in summary statistics. Inci-
dence of ADAs, titers, binding specificity and
time courses were assessed and summarized by
treatment group. The impact of ADA on PK, PD
and safety was also assessed.
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RESULTS

CHS-1701-04

Subjects

Study CHS-1701-04 (parallel-arm with repeat
administration) was the key confirmatory
study for the immunogenicity assessment of
pegfilgrastim-cbqv and included 303 subijects;
151 subjects received pegfilgrastim-cbqv and
152 subjects received pegfilgrastim. The safety
population included all 303 subjects, 242 of
whom fulfilled the definition to be included in
the ADA population. The major difference in
the number of subjects between the two popu-
lations was due to a protocol deviation in which
subjects received one dose of each treatment
instead of two doses of the same treatment.
Baseline characteristics are presented in Sup-
plementary Table S1.

Immunogenicity
In the ADA population, the incidence of treat-
ment-emergent, persistent ADAs with measur-
able titer (titer > 2) was 9.8% and 5.0% in
subjects receiving pegfilgrastim-cbqv and
pegfilgrastim, respectively (Table 1). In the
safety population, the incidence of treatment-
emergent ADAs was 32.2% (39/121) in subjects
receiving pegfilgrastim-cbqv and 23.9% (28/
117) in subjects receiving pegfilgrastim
(Table 1). Most ADAs were transient (only pre-
sent in period 1) or with low or unmeasurable
titer. The incidence of preexisting ADA was
9.0% (12/134) and 9.7% (13/134) of subjects in
the pegfilgrastim-cbqv and pegfilgrastim treat-
ment groups, respectively (Table 1). In subjects
with preexisting ADA, the incidence of boosted
ADA response after treatment (defined
as > fourfold titer increase at any time after
the first dose) was the same in the two treat-
ment groups: three subjects (2.3%) in the
pegfilgrastim-cbqv group and three subjects
(2.3%) in the pegfilgrastim group.
ADA-binding reactivity was evaluated in
the competition assays with an excess of PEG
or G-CSF. The ADA binding reactivity was
similar after treatment with pegfilgrastim-cbqv
or pegfilgrastim. In both treatment groups,

most ADAs were PEG-reactive (i.e., reacted
with PEG only or with PEG and G-CSF): in the
safety population, 26.4% of subjects in the
pegfilgrastim-cbqv  group compared with
20.5% in the pegfilgrastim group (Table 1). A
similar trend was observed for the subjects
with a persistent ADA titer > 2: 11/12 ADA-
positive subjects in the pegfilgrastim-cbqv
group and all six subjects in the pegfilgrastim
group had PEG-reactive ADAs (either PEG only
or PEG and G-CSF). For one subject in the
pegfilgrastim-cbqv group, binding specificity
could not be determined (Table 1). Therefore,
the small numerical difference between peg-
filgrastim-cbqv and pegfilgrastim was due pri-
marily to anti-PEG antibodies. In both
treatment groups, ADA-positive subjects with
ADA-binding specificity to PEG and G-CSF had
relatively low levels of inhibition in the G-CSF
competition assay and much stronger inhibi-
tion in the PEG competition assay, indicating
that the signal was primarily driven by PEG-
reactive ADAs. No subject had ADAs that
reacted only with G-CSFE. All samples with
PEG- or G-CSF-reactive ADAs were further
characterized by measuring anti-G-CSF anti-
body titers and the titer kinetics. Three sub-
jects had measurable anti-G-CSF titers (two in
pegfilgrastim-cbqv and one in pegfilgrastim).
The anti-G-CSF antibody titers were transient
and were measured at the earliest time point
after the first dose (period 1); they then
decreased and were only detected in period 1
(Supplementary Table S2). Overall, the low
incidence and transient profile of anti—-G-CSF
titers indicate no significant difference
between pegfilgrastim-cbqv and pegfilgrastim.

The time course of ADA response, repre-
sented as percentage of ADA-positive subjects
(ADA incidence) at each time point, was similar
after treatment with pegfilgrastim-cbqv or
pegfilgrastim. In both treatment groups, the
highest ADA incidence was observed at the first
tested time point (study day 13). Thus, ADAs
developed rapidly after the first dose and
decreased thereafter, with few subjects becom-
ing ADA positive after the second dose (Table 4).
Similarly, the ADA titers did not increase after
the second dose and were similar in the two
treatment groups. The highest titers of
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Table 1 Incidence of subjects with ADAs in CHS-1701-04
Pegfil-cbqv Pegfil
(N = 134) (N = 134)
Preexisting (baseline) ADAs, 7 (%) 12 (9.0) 13 (9.7)
Binding specificity, 7 (%)
PEG 12 (9.0) 10 (7.5)
PEG/G-CSF 2 (15) 0
PEG Only 10 (7.5) 10 (7.5)
G-CSF Only 0 0
None* 0 3 (11)

Treatment-emergent ADAs (safety population), 7 (%)
Binding specificity, 7 (%)
PEG
PEG/G-CSF
PEG only
G-CSF only

None*

Treatment-emergent, titer > 2 and persistent ADA (ADA population), 7 (%)

Binding specificity, 7 (%)
PEG
PEG/G-CSF
PEG only
G-CSF only

None

39/121 (32.2)

32/121 (26.4)
9/121 (7.4)
23/121 (19.0)
0

7/121 (5.8)
12/122 (9.8)

11/122 (9.0)
6/122 (4.9)
5/122 (4.1)
0

1/122 (0.8)

28/117 (23.9)

24/117 (20.5)
7/117 (6.0)
17/117 (14.5)
0

4/117 (3.4)
6/120 (5.0)

6/120 (5.0)
4/120 (3.3)
2/120 (1.7)
0
0

Data from site 004 were excluded because the wrong study drug was administered in period 2

ADA antidrug antibody, G-CSF granulocyte colony-stimulating factor, PEG polyethylene glycol, Pegfil pegfilgrastim,

Pegfil-cbqu peghilgrastim-cbqv
*Not binding to PEG or G-CSF

PNegative result or no result at baseline (period 1 day 1 predose) and positive result after period 1 dose and prior to period 2
dose. % = 100*2/N’, in which N was the number of subjects with ADA-assessed period 1 postdose. Subjects positive at
baseline were not included in N’

“Negative result at all visits prior to period 2 dose and positive result in period 2 postdose. % = 7/, in which N’ was the
total number of subjects with ADA assessed period 2 postdose, regardless of whether the result was positive or negative.
Subjects positive at any visits prior to period 2 dose were not included in N’

treatment-emergent ADAs were observed in NAbs were not detected after dosing in
period 1 after the first dose, with a maximum either treatment group. However, preexisting
titer of 64 in the pegfilgrastim-cbqv group and PEG-reactive ADAs with pegfilgrastim-neutral-
256 in the pegfilgrastim group. izing activity were detected in two subjects at
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the predose time point only. Of note, the NAbs
were not able to neutralize the activity of
human G-CSF, suggesting that these anti-PEG
NAbs may inhibit the activity of pegfilgrastim
by steric hindrance. No clinical impact of the
preexisting NAbs was identified in the con-
ducted PK, PD and safety analyses.

Impact of ADAs on PK and PD

The impact of ADAs was evaluated by compar-
ing key PK and PD parameters between ADA-
negative and -positive subjects. For the PK
analysis, maximum plasma concentration
(Cmax) and area under the plasma concentration
time curve calculated from time O to last mea-
surable concentration (AUCq.st) Were evalu-
ated. For the PD analysis, maximum ANC
(ANChax) and area under the ANC time curve
from time O to last measurable observation
(ANC AUCq.jast) were evaluated. This analysis
demonstrated no impact of ADA on PK or PD in
either study period. PK (Cpax and AUCq jast) and
PD (ANCpax and ANC AUCq,s5t) parameters in
ADA-positive subjects were within the range
observed in ADA-negative subjects in each
study period in both treatment groups (Figs. 3
and 4).

Impact of ADAs on Safety

The safety profiles for pegfilgrastim-cbqv and
pegfilgrastim in this study were consistent with
the known pegfilgrastim safety profile and
appeared to be unaffected by the presence of
ADA. The overall incidence of any AE was
89.8% for ADA-negative subjects and 91.0% for
subjects  with  treatment-emergent ADA
(Table 2). Furthermore, the incidence of the
most common AEs (e.g., various manifestations
of musculoskeletal pain, headache) was similar
in ADA-negative and ADA-positive subjects. The
overall incidence of any AE was 89.7% in the
pegfilgrastim-cbqv group and 92.9% in the
pegfilgrastim group for subjects with treatment-
emergent ADA (Table 2). The incidence of ISRs
by ADA status was also evaluated by period.
The incidence of ISRs was comparable in ADA-
negative and ADA-positive subjects (Table 3).

Pooled Analyses

Subjects

The immunogenicity similarity between
pegfilgrastim-cbqv and pegfilgrastim was fur-
ther assessed in a pooled analysis that included
data from CHS-1701-04, CHS-1701-05 and CHS-
1701-03. The safety population for this pooled
analysis included 487 subjects with ADA asses-
sed in period1 postdose before dosing of
period 2. Subjects positive at baseline (pe-
riod 1 day 1) were not included. The CHS-1701-
04, CHS-1701-05 and CHS-1701-03 studies
included 268, 117 and 102 subjects, respec-
tively. Baseline characteristics were similar
between the two treatment groups in study
CHS-1701-04 (Supplementary Table S1) and in
the pooled analysis (Supplementary Table S3).
Only results from period 1 were evaluated in
this pooled analysis because the second dose in
the crossover studies, CHS-1701-03 and CHS-
1701-05, would have confounded the analysis.
The use of only period 1 is relevant, as most
immune responses occurred in period 1 in all
studies, with few new treatment-emergent
ADAs identified after the second and no new
treatment-emergent ADAs identified after the
third dose (Table 4).

Immunogenicity

In the pooled analysis, treatment-emergent
ADAs in period 1 were detected in 31.6% (72/
228) of subjects receiving pegfilgrastim-cbqv
and in 29.3% (76/259) of subjects receiving
pegfilgrastim (Table 5). The incidence of treat-
ment-emergent ADAs after the first dose of
pegfilgrastim-cbqv and pegfilgrastim was com-
parable between studies and similar in the two
treatment groups: 33.1% versus 25.0% in CHS-
1701-04, 28.6% versus 33.3% in CHS-1701-05
and 30.0% versus 34.6% in CHS-1701-03
(Table 5).

Binding-specificity assays showed that in
both treatment groups the treatment-emergent
ADAs were binding PEG (PEG only or PEG and
G-CSF) in most subjects (Table 5). Treatment-
emergent ADAs reactive with only G-CSF were
not detected in any of the three studies
(Table 5). In addition, the time course and titers
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Fig. 3 Comparison of the PK parameters a Cp,y and
b AUCq j,c between ADA-negative subjects and subjects
with treatment-emergent ADA across all periods in study
CHS-1701-04. The geometric means are represented by
colored circles. Figure includes subjects with sufficient

of the ADA response was similar in all studies.
Treatment-emergent NAbs were not detected in
any subject across the three studies. How-
ever, preexisting PEG-reactive ADAs with
pegfilgrastim-neutralizing activity were detec-
ted in four subjects at the predose time point
only.

(N=73)

(N=35) (N=28) (N=28) (N=20)

pharmacokinetics samples to calculate each parameter.
ADA antidrug antibody, AUCy.,, area under the plasma
concentration-time curve calculated from time 0 to last
measurable concentration, C,,,, maximum plasma con-
centration, PK pharmacokinetics, 7E treatment-emergent

DISCUSSION

Biologic therapeutics can trigger immune
responses in patients. The resulting ADAs may
have no clinical impact or they may affect the
bioavailability, efficacy and safety of the thera-
peutic to various degrees [12]. Therefore, the
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sented by colored circles. ADA antidrug antibody,

immunogenicity profile is a critical quality
attribute of biologic therapeutics and their
biosimilars [13]. Pegfilgrastim-cbqv  (UDE-
NYCA®) is a biosimilar of pegfilgrastim
(Neulasta®), a pegylated, long-acting form of
G-CSF, indicated for the prophylaxis of febrile
neutropenia in patients with cancer who receive
myelosuppressive chemotherapy [7, 10]. The PK

(N=82)

(N=39) (N=28) (N=37) (N=27)

AUC). 4, area under the plasma concentration-time curve
calculated from time 0 to last measurable concentration,
ANC,,,, maximum observed absolute neutrophil count,
TE treatment emergent

and PD bioequivalence of pegfilgrastim-cbqv has
been previously reported [11], and pegfilgrastim-
cbqv has been approved by the FDA and EMA for
the same indications as its reference product,
pegfilgrastim [7, 10]. Consistent with regula-
tory guidance [1, 4], the immunogenicities of
pegfilgrastim-cbqv and pegfilgrastim were com-
pared in the clinical development program.
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Table 2 Incidence of adverse events occurring in > 5% of subjects by ADA status (CHS-1701-04)

ADA-negative” Treatment-emergent ADA
(N = 176) WV = 67)
Subjects with any AE 158 (89.8) 61 (91.0)
Back pain 121 (68.8) 50 (74.6)
Headache 108 (61.4) 41 (61.2)
Pain in extremity 43 (24.4) 11 (16.4)
Pain (unspecified) 31 (17.6) 12 (17.9)
Arthralgia 33 (18.8) 9 (134)
Nausea 20 (11.4) 7 (10.4)
Neck pain 16 (9.1) 6 (9.0)
Musculoskeletal chest pain 13 (7.4) 2 (3.0)
Vomiting 12 (6.8) 3 (4.5)
Dizziness 7 (4.0) 5 (7.5)
Musculoskeletal pain 7 (4.0) 4 (6.0)
Muscle spasms 5 (2.8) 4 (6.0)

Percentage was calculated using the number of subjects in the column header as the denominator. AEs were collected from
the time of dosing on day 1 of period 1 through day 41 of period 2. Therefore, all AEs were considered treatment emergent.
All AEs were coded using MedDRA version 18.0. Data from site 004 were excluded because the wrong study drug was
administered in period 2

ADA antidrug antibody, AE adverse event

*Subjects who were ADA-negative at all time points

Table 3 Injection site reactions by ADA status (CHS-1701-04, safety population)

ISR ADA-negativea Treatment-emergent ADA
Period 1 Period 2 Period 1 Period 2
N =176 N =157 N =67 N = 64

Any, 7 (%)°

Mild 32 (18.2) 27 (17.2) 9 (13.4) 11 (17.2)
Moderate 0 2 (1.3) 0 1(1.6)
Severe 1 (0.6) 0 0 0

Data from site 004 were excluded because the wrong study drug was administered in period 2
ADA antidrug antibody, ISR injection site reaction

*Subjects who were ADA negative at all time points

PSummarizes the worst postdose assessment within each period per subject
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Table 4 Treatment-emergent ADA by period and treatment (safety population)

Subjects with Study CHS-1701-04 Study CHS-1701-03  Study CHS-1701-05

Pegfil- Pegfil/ Pegfil- Pegfil/ Pegfil- Pegfil/ Pegfil/
cbqv/ Pegfil cbqv/ Pegfil- cbqv/ Pegfil- Pegfil/
Pegfil- (N = 134) Pegfil cbqv Pegfil/ cbqv/ Pegfil-
cbqv (W =58) (N=111) Peghil Pegfil cbqv
(N = 134) (N=43) (N=37) ({IN=42)
Treatment-emergent ADA in  38/121 28/117 15/50 18/52 12/42 12/36 13/39
period 1.2 #/N’ (%) (31.4) (23.9) (30.0)  (34.6) (28.6) (33.3) (33.3)
Newly developed treatment-  1/76 (1.3)  0/81 (0)  1/30 0/31 (0.0) 1/22 (45) 0/17 (0.0) 1/22 (4.5)
emergent ADA in (3.3)
period 2,° /N’ (%)
Newly developed treatment-  N/A N/A N/A N/A 0/13 (0.0) 0/15 (0.0) 0/17 (0.0)

emergent ADA in
period 3,° n/IN" (%)

ADA, antidrug antibody, Pegfi/ pegfilgrastim, Pegfil-chqu pegfilgrastim-cbqv

*Negative result or no result at baseline (period 1 day 1 predose) and positive result after period 1 dose and prior to period 2
dose. % = 100*2/IV’, in which N’ was the number of subjects with ADA assessed postdose in the respective periods. Subjects
positive at baseline were not included in N’

bNegative result at all visits prior to period 2 dose and positive result in period 2 postdose. % = 7/N’, where N was the total
number of subjects with ADA assessed period 2 postdose, regardless of whether the result was positive or negative. Subjects
positive at any visits prior to period 2 dose were not included in N’

“Negative result at all visits in period 1, period 2 and period 3 day 1 predose and positive result period 3 postdose. % = 7/,
where " is the total number of subjects with ADA assessed period 3 postdose, regardless of whether the result was positive
or negative. Subjects positive at any visits in period 1 (including period 1 day 1), period 2 and period 3 day 1 predose were
not included in IV’

Pegfilgrastim treatment is associated with a
low incidence of treatment-emergent ADAs and
an absence of clinically impactful immuno-
genicity [7, 14, 15]. However, there is the the-
oretical potential for ADAs binding to the G-CSF
portion of pegfilgrastim to also bind to and
neutralize endogenous G-CSF, which might
have a clinical impact. In addition, PEG-binding
antibodies have been found in treatment-naive
individuals, presumably due to prior exposure
to PEG and PEG derivatives [16, 17]. This report
presents a thorough immunogenicity assess-
ment from study CHS-1701-04, which was
specifically designed to assess immunogenicity,
and from a pooled analysis that included two
additional studies conducted to confirm the
bioequivalence of pegfilgrastim-cbqv and peg-
filgrastim (CHS-1701-03 and CHS-1701-05).

Study CHS-1701-04 was a randomized, double-
blind, two-period parallel-arm study whose pri-
mary objective was to assess the immuno-
genicity of pegfilgrastim-cbqv versus
pegfilgrastim in healthy subjects. The impacts
of ADAs and NAbs on the PK, PD and safety
profile of pegfilgrastim-cbqv were secondary
objectives.

In the CHS-1701-04 study, a slightly higher
incidence of ADAs was detected in the
pegfilgrastim-cbqv group. However, when data
from all clinical studies were pooled, the inci-
dence of ADAs was similar after treatment with
pegfilgrastim-cbqv or pegfilgrastim. Further-
more, the time courses of the immune response
and the titers were similar. In both treatment
groups, the ADAs were generated early after the
first dose and subsequently decreased
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Table 5 Treatment-emergent ADA in period 1 of studies CHS-1701-03, CHS-1701-04, CHS-1701-05 and pooled (safety

population)
Study CHS-1701-04  Study CHS- Study CHS- All Studies Pooled
(including site 004) 1701-05 1701-03
Pegfil- Peghil Peghil- Pegfil Pegfil- Pegfil Peghil- Pegfil
cbqv (n' =132) cbqv (W' =75) cbqv (W' =52) cbqv (#' =259)
(#' = 136) (n = 42) (#' = 50) (n = 228)
Treatment-emergent 45 (33.1) 33 (25.0) 12 (28.6) 25(33.3) 15 (30.0) 18 (34.6) 72 (31.6) 76 (29.3)
ADA, n (%) (period
1 only)
Binding specificity
PEG only 28 (20.6) 19 (144) 6 (143) 14 (187) 11 (22.0) 15 (28.8) 45 (19.7) 48 (18.5)
PEG and G-CSF 8 (59)  7(53)  1(24) 1(13) 3(60) 1(19) 12(53) 9 (35)
G-CSF only 0 0 0 0 0 0 0
None 9(66) 7(53)  4(95  10(133) 0 1(19) 13(57) 18 (69)
Not applicable 0 0 124 000 120 1319  2(09) 1 (04)

None, ADA not reactive with PEG or G-CSF. Not applicable: binding specificity was not characterized. % = »/#’;
7 = negative result or no result at baseline and positive result at period 1 postdose. 7" = total number of subjects with ADA

in a treatment arm assessed period 1 postdose before dosing of period 2. Subjects positive at baseline (period 1 day 1) are not

included in #»’

ADA antidrug antibody, G-CSF granulocyte colony-stimulating factor, PEG polyethylene glycol, Pegfil pegfilgrastim, Pegfil-

cbqu pegfilgrastim-cbqv

throughout the study. The ADA titers were
generally low and similar in the two treatment
groups and did not increase after the second
dose. Importantly, binding-specificity assays
showed that most ADAs were binding the PEG
moiety of pegfilgrastim-cbqv, with no sample
showing binding to only the G-CSF portion of
pegfilgrastim. The samples with ADAs binding
to both PEG and G-CSF were further evaluated
in a validated anti-G-CSF titer assay. Overall,
the low incidence and transient profile of anti-
G-CSF titers indicates no significant difference
between pegfilgrastim-cbqv and pegfilgrastim.
Furthermore, none of the treatment-emergent
ADAs were neutralizing. Taken together, these
findings show that the small differences in ADA
incidence between the pegfilgrastim-cbqv and
pegfilgrastim treatment groups were driven by
non-neutralizing, low titer, PEG-reactive ADAs,
which are commonly present in healthy sub-
jects [16, 17].

To assess whether ADAs may have an impact
on the PK and PD of pegfilgrastim-cbqv in study
CHS-1701-04, drug plasma concentrations
(Cmax and AUCq1a5t) and the PD response were
measured in all subjects. No significant differ-
ences were observed in PK (Cyax and AUCq_ast)
and PD analyses in ADA-positive and ADA-
negative subjects. This finding is consistent
with reports that PEG-reactive antibodies that
have been found to affect efficacy, PK and/or
safety of pegylated products [18] are present at
much higher titers than those observed in this
study. The safety profile of pegfilgrastim-cbqv
was consistent with that previously reported for
pegfilgrastim-cbqv [11] and pegfilgrastim [7],
with no association to ADA status.

Overall, this comparison of PK, PD and safety
in ADA-positive and -negative subjects con-
firmed that differences observed in ADA inci-
dence were not clinically meaningful and were
driven by non-neutralizing, low titer, PEG-
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reactive ADAs, which are commonly present in
healthy subjects. These data further show that
treatment-emergent anti-pegfilgrastim antibod-
ies were not clinically meaningful, as reported
in the literature [7, 14, 16].

A limitation of this study was the use of
nonidentical syringes containing each treat-
ment. This was overcome by implementing
measures to ensure that subjects and investiga-
tional staff were blinded to the subject treat-
ment. The strengths of the presented studies
and analyses include the large population size
of the pooled analysis, which increased the
robustness of the data, and the study design
evaluating immunogenicity in healthy subjects,
who are immunocompetent and have fewer
confounding factors (e.g., comorbidities, con-
comitant medications). Healthy subjects there-
fore represent the most sensitive study
population in which to evaluate potentially
subtle differences in immunogenicity [4].

CONCLUSION

The presented data from three clinical studies
with > 500 subjects demonstrate that the
immunogenicity of pegfilgrastim-cbqv and its
reference product pegfilgrastim are highly sim-
ilar and confirm the low immunogenic poten-
tial of both drugs. The evaluation of PK, PD and
safety in ADA-positive and -negative subjects
showed that treatment-emergent ADAs had no
clinically meaningful impact. Immunogenicity
data from the presented clinical studies support
the overall demonstration of biosimilarity
between pegfilgrastim-cbqv and pegfilgrastim.
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