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ABSTRACT

Introduction: PF-06881894 is a proposed
biosimilar to pegfilgrastim (Neulasta�). This
study evaluated the pharmacodynamic/phar-
macokinetic (PD/PK) equivalence, immuno-
genicity, and safety of PF-06881894 vs
pegfilgrastim reference products (US- and EU-
Neulasta�) in healthy volunteers.
Methods: A phase 1, open-label, randomized,
crossover study was conducted to assess the
pharmacologic equivalence and safety of a sin-
gle 6-mg dose of PF-06881894, pegfilgrastim-US,

and pegfilgrastim-EU. The primary PD end-
points were area under the effect-versus-time
curve for absolute neutrophil count (ANC) from
dose administration to 288 h postdose, and
maximum observed ANC value among subjects
confirmed negative for anti-pegfilgrastim anti-
bodies. Primary PK variables included area
under the serum pegfilgrastim-versus-time
curve from the time of dose administration to
time infinity and maximum observed serum
pegfilgrastim concentration. A second phase 1,
open-label, randomized (1:1), parallel-group,
non-inferiority study was conducted to assess
the immunogenicity and safety of multiple
6-mg doses of PF-06881894 versus pegfilgrastim-
US. The primary endpoint for the immuno-
genicity study was the proportion of subjects
with both negative baseline and confirmed
positive postdose anti-pegfilgrastim antibodies
at any time during the study.
Results: Across the single- and multiple-dose
studies (N = 153 and N = 420 treated subjects,
respectively), demographics for age (18–-
65 years), male gender (n = 264/573), and white
race (n = 423/573) were similar. Three-way PD/
PK equivalence of PF-06881894, pegfilgrastim-
US, and pegfilgrastim-EU was demonstrated
with the primary PD endpoints and primary PK
variables being completely contained within
the predefined 90% confidence interval accep-
tance limits (80–125%). The non-inferiority of
PF-06881894 versus pegfilgrastim-US in terms of
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immunogenicity was established according to
the prespecified non-inferiority margin (B10%).
Overall, there were no clinically meaningful
differences in safety profiles among or between
study groups.
Conclusions: Single-dose PF-06881894 demon-
strated PD/PK equivalence and comparable
safety with US- and EU-pegfilgrastim reference
products. Multiple-dose PF-06881894 demon-
strated immunogenicity non-inferiority to peg-
filgrastim-US with comparable safety. Both
studies contributed to the totality of evidence
supporting biosimilarity.
Trial Registration: ClinicalTrials.gov identi-
fiers: NCT02629289 (C1221001); NCT03273842
(C1221005).

Keywords: Biosimilar; Immunogenicity;
Myelosuppressive chemotherapy; Neulasta�;
Neutropenia; Pegfilgrastim; PF-06881894;
Pharmacodynamics; Pharmacokinetics; Safety

Key Summary Points

Why carry out this study?

The treatment of neutropenia with a
biosimilar of pegfilgrastim could provide
an additional therapeutic option for those
patients requiring a more affordable and
long-acting hematopoietic stimulant

This study assessed PF-06881894, a
proposed biosimilar to pegfilgrastim, and
the US-licensed and EU-approved
pegfilgrastim reference products
(Neulasta�) in healthy volunteers to
determine if there were any clinically
meaningful differences among the study
drugs

What has been learned from the study?

Single-dose pharmacodynamic and
pharmacokinetic equivalence was
established with values contained within
the predefined limit of 80–125% when
PF-06881894 was compared with US-
licensed and EU-approved reference
products in study C1221001

PF-06881894 was non-inferior to US-
licensed pegfilgrastim with respect to
immunogenicity after multiple dosing;
the upper bound of the 90% confidence
interval for risk difference was contained
within the prespecified non-inferiority
margin of B 10% in study C1221005

These studies demonstrated an overall
comparable safety profile and supported
the biosimilarity of PF-06881894 to
Neulasta�

INTRODUCTION

Neutropenia is a decrease in circulating neu-
trophils in the non-marginal pool and is a major
dose-limiting toxicity of several chemotherapy
regimens, including myelosuppressive
chemotherapy [1–3]. Human granulocyte-col-
ony stimulating factor (G-CSF) is a hematopoi-
etic stimulant that promotes proliferation,
differentiation, and maturation of neutrophil
precursors and is used to treat neutropenia [4].

Filgrastim is a recombinant methionyl
human G-CSF (rhG-CSF) that has been shown
to enhance neutrophil production and mobilize
hematopoietic stem cells from bone marrow to
the blood [5]. It is rapidly cleared from systemic
circulation—elimination half-life is * 3.5 h due
to its small size (4 nm diameter and * 19 kDa
molecular weight), which necessitates daily
administration to augment neutrophil recovery
[5, 6]. Pegfilgrastim (Neulasta�; Amgen, Thou-
sand Oaks, CA) is a covalent conjugate of fil-
grastim and a 20-kDa monomethoxy
polyethylene glycol (PEG) polymer [7, 8]. The
hydrodynamic diameter of filgrastim expands
to * 6 nm with the addition of PEG (PEGyla-
tion) to reduce renal clearance [6] and is con-
tingent upon neutrophil-mediated clearance. At
a molecular weight of 39 kDa, the half-life of
pegfilgrastim after subcutaneous (SC) injection
ranges from 15 to 80 h, which corresponds with
the start of neutrophil recovery [6, 8]. The
administration of pegfilgrastim is less frequent
than for filgrastim, with one dose administered
subcutaneously per chemotherapy cycle for
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patients with cancer receiving myelosuppressive
chemotherapy [9].

A biosimilar is a therapeutic protein that is
highly similar to a licensed originator (or refer-
ence) biologic product—notwithstanding
minor differences in clinically inactive compo-
nents—and for which there are no clinically
meaningful differences in terms of safety, pur-
ity, or potency [10]. PF-06881894 is a proposed
biosimilar to reference pegfilgrastim sourced
from the USA (pegfilgrastim-US) and from the
European Union (pegfilgrastim-EU). The assess-
ment of similarity between a proposed biosim-
ilar and its reference product involves rigorous
analysis of its structural and functional activity
conducted in a stepwise manner, as well as non-
clinical studies (if required by regulatory
authorities), clinical pharmacology assess-
ments, and confirmatory comparative clinical
trials [10]. Together, data from these studies
comprise the ‘‘totality of evidence’’ required for
the regulatory licensure of a biosimilar [10].
Regulatory guidance on clinical pharmacology
studies to support the demonstration of
biosimilarity outside of the USA recommends
that, when possible, healthy individuals should
be investigated to evaluate pharmacokinetics
(PK) and pharmacodynamics (PD) to identify
any product-specific differences that might exist
[11, 12]. This approach aligns with US Food and
Drug Administration (FDA) guidance, which
suggests that healthy subjects are generally
considered a more sensitive and homogeneous
population with less likelihood of PK and/or PD
variability and reduced potential for con-
founding factors compared with subjects who
may have an unsuspected and/or concomitant
disease, be heavily medicated, and/or myelo-
suppressed [13, 14]. Furthermore, the choice of
a single well-established, highly sensitive dose-
dependent PD surrogate biomarker for clinical
efficacy outcomes, or multiple PD measure-
ments (e.g., area under the effect-versus-time
curve [AUEC] for absolute neutrophil count
[AUECANC] for pegfilgrastim with a simultane-
ous measurement of the time of maximum
value [ANC_Tmax]) of absolute neutrophil count
(ANC) are recognized by the FDA as a stream-
lined method for reducing any residual uncer-
tainty about clinically meaningful differences in

the safety, purity, and potency between a pro-
posed biosimilar and its reference product,
albeit with the expectation that immunogenic-
ity will still need to be adequately assessed
[13, 15]. The most recently (2018) revised draft
regulatory guidelines from the European
Medicines Agency’s Committee for Medicinal
Product for Human Use (CHMP) propose that
product quality and clinical pharmacology
comparisons can be sufficient to demonstrate
similarity between a proposed pegfilgrastim
biosimilar and its reference product without the
need for dedicated comparative efficacy trial
data [16]. In Europe, ANC PD endpoints are
favored surrogate biomarkers for efficacy, and
no further justification of comparability limits
is considered necessary by the CHMP when a
95% confidence interval (CI) with a bioequiva-
lence range of 90–111% is employed for PD
measurements made after the last dose has been
administered [16, 17].

Here we describe the findings from a phase 1,
single-dose, PD/PK equivalence study of PF-
06881894 versus pegfilgrastim-US and pegfil-
grastim-EU, and a phase 1, multiple-dose,
immunogenicity study of PF-06881894 versus
pegfilgrastim-US. Safety outcomes were also
evaluated in both studies and immunogenicity
was an exploratory assessment in the PD/PK
study.

METHODS

Study Design

C1221001 (ClinicalTrials.gov identifier
NCT02629289) was an open-label, randomized,
single-dose, comparator-controlled, three-treat-
ment, three-period, six-sequence, crossover
study to assess the PD, PK, immunogenicity,
and safety of PF-06881894, pegfilgrastim-US,
and pegfilgrastim-EU in healthy volunteers.
Each subject was randomly assigned to one of
six sequence groups and received each study
drug by SC dosing over three study periods,
with a washout of at least 56 days between each
drug (Fig. 1).

C1221005 (NCT03273842) was an open-la-
bel, randomized, multiple-dose, parallel-design
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study to assess the immunogenicity and safety
of PF-06881894 and pegfilgrastim-US adminis-
tered SC to healthy volunteers. Each subject
received a total of two injections of the study
drug to which they had been randomized (PF-
06881894 or pegfilgrastim-US), once on day 1 in
each treatment phase, with* 1 month between
each 6-mg dose (Fig. 1). The protocol and all
amendments were approved by the institutional
review board at each of the investigational
centers (Bellberry Limited, MidLands Indepen-
dent Review Board, Advarra d/b/a Schulman

Institutional Review Board and Schulmam IRB)
participating in studies C1221001 and
C1221005. Both studies were conducted in
compliance with the protocol, International
Conference on Harmonisation guidelines, all
applicable regulatory requirements, and the
1964 Declaration of Helsinki and its later
amendments. Written informed consent was
obtained from all individual subjects prior to
the performance of any study-specific proce-
dures, and they were permitted to withdraw
from the study at any time.

Participants

The study inclusion and exclusion criteria were
generally consistent across both studies (Online
Resources 1 and 2). In both studies, eligible
participants comprised healthy, non-smoking
male or female volunteers aged 18–65 years,
with a body mass index of 19–30 kg/m2. Sub-
jects with any active systemic or immunologic
disease or condition (e.g., cardiovascular/pul-
monary, hepatorenal, systemic infection, lacta-
tion), or history of or current malignancy—
except for adequately treated squamous or basal
cell carcinoma of the skin or cervical carcinoma
in situ within 5 years—were excluded from both
studies. Subjects with any disease or condition
that might interfere with the absorption, dis-
tribution, metabolism, or excretion of the study
drug or place them at increased risk were also
excluded.

Objectives, Endpoints, and Assessments

The primary objective of study C1221001 was to
assess the PD equivalence of PF-06881894 with
pegfilgrastim-US and pegfilgrastim-EU. The pri-
mary endpoint was the AUECANC from the time
of dose administration to 288 h postdose, and
the maximum observed value for ANC
(ANC_Cmax). ANC_Tmax was assessed as a sec-
ondary PD parameter. PD and PK sampling
times are depicted in Fig. 1. The measurement
of ANC using a hematology analyzer (Sysmex
XN-3000; Japan) consisted of a cytochemical
reaction of the cells with a reagent set, followed
by fluorescence flow-cytometric analysis. Like

bFig. 1 Clinical development program for PF-06881894 in
healthy volunteers. a C1221001: a single-dose PD/PK
study of PF-06881894 versus pegfilgrastim-US and pegfil-
grastim-EUa. b C1221005: a multiple-dose comparative
immunogenicity study of PF-06881894 versus pegfilgras-
tim-USb. a For the PD evaluations, blood samples (4.0 mL)
for ANC were collected by either intravenous catheter or
venipuncture into evacuated collection tubes within 1 h
before dose administration and at 12, 24, 48, 72, 96, 120,
144, 168, 192, 216, 240, 264, and 288 h postdose. A total
of 14 samples were planned for PD analysis in each period.
For PK evaluations, blood samples (5.0 mL) for the
pegfilgrastim assay were collected within 1 h before dosing
and at 1, 2, 4, 6, 8, 10, 12, 16, 24, 48, 72, 96, 120, 144, 168,
192, 216, 240, 264, and 288 h postdose. Blood samples
(7 mL) for ADA testing were collected within 1 h before
dosing on days 1 and 13 of each period, at day 30 of the
follow-up visit of each period, or early termination (if
applicable). b Identical dosing procedures were performed
on day 1 of phase 1 (first drug dose) and phase 2 (second
drug dose) in this parallel-design study. Blood samples
(7.5 mL) for ADAs were collected before dosing (day 1,
phase 1 only) and after fasting for at least 4 h (on days 13
and 30 ± 2, phase 1 and on days 13, 30 ± 2, 60 ± 5 or
at early withdrawal, phase 2). Early termination from the
study required a subject to have completed the day 30 ± 2,
phase 2 assessments. ISR data collection occurred up to
90 min postdose (days 1, 3, and 5 of phases 1 and 2); other
ISR data were captured outside the ISR schedule during
AE monitoring. ADA anti-drug antibody, AE adverse
event, ANC absolute neutrophil count, ISR injection-site
reaction, NAb neutralizing antibody, PD pharmacody-
namic, pegfilgrastim-EU pegfilgrastim sourced from the
European Union (reference product), pegfilgrastim-US
pegfilgrastim sourced from the USA (reference product),
PF-06881894 proposed biosimilar of pegfilgrastim (test
product), PK pharmacokinetic, SC subcutaneous
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PK, the PD variables were calculated utilizing
non-compartmental methods (PhoenixTM for
WinNonlin, v6.4; Pharsight, CA, USA). Subjects
who were confirmed positive for anti-pegfil-
grastim antibodies at any time were not inclu-
ded in the primary PD/PK population.

The secondary objectives in study C1221001
were to assess the PK equivalence of PF-
06881894 with pegfilgrastim-US and pegfilgras-
tim-EU, and the PD/PK equivalence of pegfil-
grastim-US and pegfilgrastim-EU as a single SC
dose—to support the use of a single comparator
in study C1221005—as well as the comparable
safety of PF-06881894. Serum pegfilgrastim
concentrations (range, 100–5000 pg/mL) were
determined utilizing a validated enzyme-linked
immunosorbent assay (ELISA) procedure
employing the double-antibody sandwich
method [18].

Exploratory testing for anti-drug antibodies
(ADAs) in study C1221001 was performed pre-
dose and postbaseline, concomitant with PD/PK
analyses and safety evaluations, according to a
prespecified sampling schedule to establish the
clinical relevance of ADAs [10, 19]. Immuno-
genicity was assessed using a multi-tiered
approach consistent with FDA Guidance for
Industry [10, 19, 20]. Samples that tested anti-
pegfilgrastim antibody positive at screening
using a validated electrochemiluminescent
(ECL) bridging assay format (tier 1) were further
tested using the same ECL assay format for
confirmation and to determine ADA specificity
for the filgrastim moiety (tier 2). Measurement
of antibody titer in the ECL assay was tested
(tier 3) before further characterization of con-
firmed positive samples to measure neutralizing
antibodies (NAbs) using a cell-based assay. NAb-
positive samples were further analyzed for fil-
grastim NAb (in an amendment to study
C1221001). Anti-PEG antibody screening was
performed for all ADA samples, regardless of the
positivity score in the anti-pegfilgrastim anti-
body ECL assay. Samples were screened via the
aforementioned process using a validated
ELISA-based assay (tier 1). PEG specificity was
assessed (tier 2) before the measurement of
antibody titer in confirmed antibody-positive
samples (tier 3). Confirmatory cut-points for
ADA assay methodologies used a 99% CI to

generate an * 1% false-positive rate. Additional
immunogenicity methodology is described in
Online Resource 3.

Subjects who were confirmed positive for
anti-pegfilgrastim antibodies at any time were
excluded from the PD and PK populations for
primary analysis in study C1221001. Sensitivity
analyses were performed to evaluate the effect
of confirmed positive anti-pegfilgrastim anti-
bodies on PD/PK.

The primary objective of study C1221005
was to assess the non-inferiority of PF-06881894
versus pegfilgrastim-US with respect to
immunogenicity. The primary endpoint was the
proportion of subjects with a negative baseline
anti-pegfilgrastim antibody test result who had
a confirmed postdose positive anti-pegfilgrastim
antibody test result at any time during the
study. The secondary endpoint was the pro-
portion of subjects with a negative baseline
anti-pegfilgrastim antibody test and a postdose
positive NAb result during the study. Immuno-
genicity testing followed the same multi-tiered
approach described for study C1221001, except
the original ADA assay methodology validation
parameters were updated for study C1221005 to
remain aligned with the evolution of FDA
guidance since study C1221001 (Online
Resource 3) [20, 21].

Assessments of safety in these studies inclu-
ded adverse events (AEs) as well as AEs of special
interest (AESIs) coded using the Medical Dic-
tionary for Regulatory Activities (v19.1 and
v21.1 for studies C1221001 and C1221005,
respectively). AESIs were identified prospec-
tively, based on the known safety profile of US-
and EU-approved pegfilgrastim reference prod-
ucts [7]. Laboratory variables, vital signs,
12-lead electrocardiograms (ECGs), and physi-
cal examinations were also performed; local
injection-site reactions (ISRs) were a secondary
endpoint in study C1221005.

Statistical Analysis and Determination
of Sample Size

C1221001
PD equivalence was assessed using analysis of
variance to obtain geometric mean ratios (test/
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reference) and CIs for AUECANC and ANC_Cmax.
Sequence, period, and treatment were factors
for log-transformed data, and baseline ANC was
used as a covariate for PD parameters. AUECANC

was calculated via the linear trapezoidal rule
from predose to the last measurable positive
value. PD equivalence was concluded if the 90%
CIs for both AUECANC and ANC_Cmax were
completely contained within the prespecified
acceptance limits of 80–125%.

The study was powered for the assessment of
key secondary PK parameters (area under the
serum–time curve [AUC] from time of dose
administration to infinity [AUC0–?] and Cmax).
Assuming a within-subject coefficient of varia-
tion of 68% and an equivalence range of
0.80–1.25 of the test/reference mean ratio for
AUC0–? and Cmax, a total of 150 enrolled sub-
jects were required to demonstrate PK equiva-
lence with at least 90% power at a one-sided
alpha level of 0.05.

Step-down statistical testing was used to
control the family-wise type 1 error for the PD
and PK analyses. PF-06881894 was tested
against pegfilgrastim-US, and whenever this test
was positive, PF-06881894 was tested against
pegfilgrastim-EU. Whenever the latter test was
positive, pegfilgrastim-US was also tested
against pegfilgrastim-EU. Results from the PD
and PK population analyses were separately
assessed for consistency and robustness via
sensitivity analyses, which, in addition to the
respective PD and PK populations, included
subjects confirmed positive for anti-pegfilgras-
tim antibodies.

C1221005
The non-inferiority of PF-06881894 versus peg-
filgrastim-US was statistically demonstrated if
the upper bound of the 90% CI was B 0.10 for
the difference in anti-pegfilgrastim antibody
rates in subjects who had a negative baseline
anti-pegfilgrastim antibody status and con-
firmed postdose positive anti-pegfilgrastim
antibody test at any time during the study.
Assuming that this proportion is 1–5% in each
group, a sample size of 210 randomized subjects
per group provided at least 90% power to
demonstrate non-inferiority. The CI was con-
structed using the exact method of Chan and

Zhang [22]. An additional analysis was per-
formed that included subjects with a positive
baseline anti-pegfilgrastim result and higher-
titer ADAs after baseline, and who were counted
as positive.

RESULTS

Subject Disposition, Baseline
Demographics, and Other Characteristics

C1221001
Altogether, 153 subjects were enrolled and
randomized to one of six treatment sequences
(mean age, 30.4 [range, 18–65] years; 52.9%
were male; 86.3% were white; Online
Resource 4). Baseline demographic character-
istics were similar among sequences. Of the
enrolled subjects, 142 (92.8%) completed the
study; 11 (7.2%) prematurely discontinued
because of withdrawal by subject (n = 7), AEs
(n = 2), physician’s decision not to initiate
study drug in period 2 due to elevated alanine
aminotransferase in period 1, which subse-
quently resolved (n = 1), or other reasons
related to the subject leaving the country
(n = 1).

C1221005
Altogether, 422 subjects were randomized to
one of two treatments (n = 212 to PF-06881894
and n = 210 to pegfilgrastim-US) and 210 sub-
jects in each group were treated (mean age, 36.6
[range, 18–65] years; 56.4% were female; 69.3%
were white; Online Resource 4). Baseline
demographic characteristics were balanced
between treatment groups. Of the enrolled
subjects, 376 (89.1%; 87.7% in the PF-06881894
group and 90.5% in the pegfilgrastim-US group)
completed the study and 46 (10.9%; 12.3% and
9.5%, respectively) discontinued. Reasons for
premature discontinuation were withdrawal by
subject (n = 14) or loss to follow-up (n = 18).
Other reasons were all-causality AEs (n = 2),
protocol deviations (n = 2), unspecified reasons
(n = 9), and no longer meeting the eligibility
criteria (n = 1).
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Pharmacodynamics (PD)

C1221001
The geometric values for the primary PD end-
points of AUECANC and ANC_Cmax were similar
for PF-06881894, pegfilgrastim-US, and pegfil-
grastim-EU (Table 1). The 90% and 95% CIs for
AUECANC and ANC_Cmax were completely con-
tained within the predefined limit of 80–125%
for all study drug comparisons. The sensitivity
analysis showed similar PD results for the PD
population plus subjects confirmed positive for
anti-pegfilgrastim antibodies. The mean ANC-
over-time profiles were similar between PF-
06881894, pegfilgrastim-US, and pegfilgrastim-
EU (Fig. 2).

Pharmacokinetics (PK)

C1221001
The geometric means for the primary PK end-
points were similar among PF-06881894, peg-
filgrastim-US, and pegfilgrastim-EU (Table 2).
The 90% CIs for AUC0–? and Cmax were com-
pletely contained within the predefined limit of
80–125% for all study drug comparisons. The
sensitivity analysis showed similar PK results for
the PK population plus subjects confirmed
positive for anti-pegfilgrastim antibodies. The
mean serum pegfilgrastim concentration–time
profiles were similar between three treatments
(Fig. 3).

Table 1 Summary of PD parameters and 90% and 95% CI of PD parameters in the single-dose study (C1221001) (PD
analysis set)

PF-06881894
(n = 135)

Pegfilgrastim-
US (n = 134)

Pegfilgrastim-
EU (n = 138)

GMR test/referencea

Comparison Parameter Geometric mean (90% CI) (95% CI)

PF-06881894/

Pegfilgrastim-

US

AUECANC

(h 9 109/L)

4541.21 4581.48 – 0.99 (0.97–1.00) 0.99 (0.97–1.00)

ANC_Cmax

(9 109/L)

30.29 31.30 – 0.96 (0.94–0.98) 0.96 (0.94–0.99)

PF-06881894/

Pegfilgrastim-

EU

AUECANC

(h 9 109/L)

4541.21 – 4588.23 0.98 (0.97–1.00) 0.98 (0.97–1.00)

ANC_Cmax

(9 109/L)

30.29 – 30.64 0.98 (0.96–1.00) 0.98 (0.96–1.01)

Pegfilgrastim-

US/

Pegfilgrastim-

EU

AUECANC

(h 9 109/L)

– 4581.48 4588.23 1.00 (0.98–1.01) 1.00 (0.98–1.02)

ANC_Cmax

(9 109/L)

– 31.30 30.64 1.02 (1.00–1.04) 1.02 (0.99–1.05)

– no data, ANC absolute neutrophil count, ANC_Cmax maximum observed value for ANC, AUECANC area under the
effect-versus-time curve for ANC from the time of dose administration to 288 h after dose administration, CI confidence
interval, GMR geometric mean ratio, n number of subjects meeting prespecified criteria, PD pharmacodynamic, pegfil-
grastim-EU pegfilgrastim sourced from the European Union (reference product), pegfilgrastim-US pegfilgrastim sourced
from the USA (reference product), PF-06881894 proposed biosimilar of pegfilgrastim (test product)
a Ratio is back-transformed and expressed on the original scale of the measurement
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Fig. 2 Mean (SD) serum absolute neutrophil count
concentration over time in the single-dose study
(C1221001) (PD population). ANC absolute neutrophil
count, PD pharmacodynamic, pegfilgrastim-EU

pegfilgrastim sourced from the European Union (reference
product), pegfilgrastim-US pegfilgrastim sourced from the
USA (reference product), PF-06881894 proposed biosim-
ilar of pegfilgrastim (test product), SD standard deviation

Table 2 Summary of PK parameters and 90% CI of PK parameters in the single-dose study (C1221001) (PK analysis set)

PF-06881894
(n = 136)

Pegfilgrastim-US
(n = 136)

Pegfilgrastim-EU
(n = 138)

GMR test/
referencea

(90% CI)
Comparison Parameter Geometric mean

PF-06881894/

Pegfilgrastim-US

AUC0–? (h�pg/mL) 5,397,629 5,503,224 – 0.98 (0.91–1.06)

Cmax (pg/mL) 154,512.2 159,688.0 – 0.97 (0.90–1.04)

PF-06881894/

Pegfilgrastim-EU

AUC0–? (h�pg/mL) 5,397,629 – 5,547,385 0.97 (0.90–1.05)

Cmax (pg/mL) 154,512.2 – 161,388.6 0.95 (0.88–1.03)

Pegfilgrastim-US/

Pegfilgrastim-EU

AUC0–? (h�pg/mL) – 5,503,224 5,547,385 0.99 (0.91–1.07)

Cmax (pg/mL) – 159,688.0 161,388.6 0.98 (0.91–1.06)

– no data, AUC0–? area under the serum pegylated filgrastim-versus-time curve from the time of dose administration to
infinity, CI confidence interval, Cmax maximum observed serum pegylated filgrastim concentration, GMR geometric mean
ratio, n number of subjects meeting prespecified criteria, pegfilgrastim-EU pegfilgrastim sourced from the European Union
(reference product), pegfilgrastim-US pegfilgrastim sourced from the USA (reference product), PF-06881894 proposed
biosimilar of pegfilgrastim (test product), PK pharmacokinetic
a Ratio is back-transformed and expressed on the original scale of the measurement
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Mean values for the secondary PK endpoints
of AUC from time of dose administration to
time of last measurable concentration (AUC0–t),
time to maximum concentration (Tmax), and
elimination rate constant (kz) were similar
across study drugs (data not shown). The mean
elimination half-life ranged from 49.4 to 54.7 h
for PF-06881894, pegfilgrastim-US, and pegfil-
grastim-EU.

Immunogenicity

C1221001
Ten subjects had anti-pegfilgrastim antibody-
positive results confirmed during the study for
the exploratory immunogenicity assessment
(Table 3). Five subjects (n = 4, PF-06881894 and
n = 1, pegfilgrastim-US groups) had a single
positive result with low titers (\20–40) in the
absence of NAbs. The remaining five subjects
(n = 2 in each of the PF-06881894 and pegfil-
grastim-EU groups, n = 1 in the pegfilgrastim-
US group) had more than one anti-pegfilgrastim
antibody-positive sample confirmed during the

study, but not at baseline, and three of these
subjects were negative for NAbs (Online
Resource 5). Seven of the 10 subjects confirmed
as anti-pegfilgrastim antibody-positive had
responses specific for the filgrastim protein
moiety (n = 4, PF-06881894; n = 1, pegfilgras-
tim-US; n = 2, pegfilgrastim-EU groups). At the
final visit, eight of the 10 subjects with con-
firmed anti-pegfilgrastim antibody-positive
samples during the study tested negative for
anti-pegfilgrastim antibodies.

Of 153 (72.5%) subjects in the safety anal-
ysis set, 111 tested positive for anti-PEG anti-
bodies at least once during the study, and the
incidences and titers were balanced across the
three study drugs. Anti-PEG antibodies were
predominantly pre-existing or detected on
day 13 of period 1 (Table 3). Over the duration
of the study, the incidence of anti-PEG anti-
bodies decreased to 43/148 subjects (29.1%) by
the final visit. There was no evidence of
boosting of the anti-PEG antibody response
upon administration of the second or third
study drug.

Fig. 3 Mean (SD) serum pegfilgrastim concentration over
time in the single-dose study (C1221001) (PK popula-
tion). Pegfilgrastim-EU pegfilgrastim sourced from the
European Union (reference product), pegfilgrastim-US

pegfilgrastim sourced from the USA (reference product),
PF-06881894 proposed biosimilar of pegfilgrastim (test
product), PK pharmacokinetic, SD standard deviation
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Table 3 Summary of exploratory immunogenicity test results in the C1221001 study (safety analysis seta)

Immunogenicity test result Visit with first positive result n (%)

PF-06881894
N = 148

Pegfilg-US
N = 146

Pegfilg-EU
N = 148

Anti-pegfilg Ab confirmedb Period 1 Day 1 0 0 0

Day 13 5 (9.8) 2 (3.9) 1 (2.0)

Follow-up 1 (2.0) 0 0

Period 2 Day 1 0 0 1 (2.1)

Day 13 0 0 0

Follow-up 0 0 0

Period 3 Day 1 0 0 0

Day 13 0 0 0

Follow-up 0 0 0

At any visit 6 (4.1) 2 (1.4) 2 (1.4)

Anti-pegfilg Ab specificityc Period 1 Day 1 0 0 1 (2.0)

Day 13 2 (3.9) 1 (2.0) 1 (2.0)

Follow-up 1 (2.0) 0 0

Period 2 Day 1 1 (2.0) 0 0

Day 13 0 0 0

Follow-up 0 0 0

Period 3 Day 1 0 0 0

Day 13 0 0 0

Follow-up 0 0 0

At any visit 4 (2.7) 1 (0.7) 2 (1.4)

Anti-PEG Ab confirmed Period 1 Day 1 16 (31.4) 16 (31.4) 12 (23.5)

Day 13 19 (37.3) 22 (43.1) 22 (43.1)

Follow-up 1 (2.0) 0 2 (3.9)

Period 2 Day 1 0 0 0

Day 13 0 0 0

Follow-up 0 0 0

Period 3 Day 1 0 1 (2.2) 0

Day 13 0 0 0

Follow-up 0 0 0

At any visit 36 (24.3) 39 (26.7) 36 (24.3)
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Among the 10 subjects with an anti-pegfil-
grastim antibody test result, two (both in the
PF-06881894 group) were positive for NAbs
detected on day 13 of period 1, but not there-
after (Online Resource 6). Both subjects with
NAbs were negative for filgrastim NAb. Among
all study subjects, including those with more
than one anti-pegfilgrastim antibody test result,
one—who was NAb-positive and tested de novo
anti-PEG antibody-positive on day 13 of
period 1—exhibited PD/PK profiles that
demonstrated a notably diminished treatment
effect. This was most pronounced during
period 2 (pegfilgrastim-US) and still markedly
evident during period 3 (pegfilgrastim-EU;
Online Resource 7).

Among the subjects positive for ADAs, no
specific trends in AEs were identified by the
presence of anti-pegfilgrastim antibody, with
the exception of the single PEG-related NAb-
positive subject who developed a treatment-re-
lated (PF-06881894) urticarial rash on the left

deltoid injection site on day 11 of period 1,
along with a second, less-extensive urticarial
rash on day 2 of period 2 (Table 3). An addi-
tional three subjects who were positive for anti-
pegfilgrastim antibody reported AEs of vessel
puncture-site rash (from a tape reaction),
rhinitis allergic (from concurrent illness), and
injection-site erythema.

C1221005
The upper bound of the 90% CI of the risk dif-
ference between PF-06881894 and pegfilgras-
tim-US (- 5.915% to 2.675%) was within the
prespecified non-inferiority margin of B 10%.
This result met the primary endpoint by
demonstrating the non-inferiority of PF-
06881894 versus pegfilgrastim-US with respect
to immunogenicity in healthy volunteers with
negative baseline anti-pegfilgrastim, and con-
firmed postdose positive anti-pegfilgrastim
antibody at any visit (Table 4).

Table 3 Summary of exploratory immunogenicity test results in the C1221001 study (safety analysis seta)

Immunogenicity test result Visit with first positive result n (%)

PF-06881894
N = 148

Pegfilg-US
N = 146

Pegfilg-EU
N = 148

NAb Period 1 Day 1 0 0 0

Day 13 2 (3.9) 0 0

Follow-up 0 0 0

Period 2 Day 1 0 0 0

Day 13 0 0 0

Follow-up 0 0 0

Period 3 Day 1 0 0 0

Day 13 0 0 0

Follow-up 0 0 0

Any visit 2 (1.4) 0 0

Ab antibody, anti-PEG anti-polyethylene glycol, anti-pegfilg anti-pegfilgrastim, n number of subjects meeting prespecified
criteria, N number of subjects, NAb neutralizing antibody, pegfilg-EU pegfilgrastim sourced from the European Union
(reference product), pegfilg-US pegfilgrastim sourced from the USA (reference product), PF-06881894 proposed biosimilar
of pegfilgrastim (test product)
a Safety analysis set comprised 153 subjects who received at least one dose of the study drug
b Determined using unlabeled pegfilgrastim as the competitive ligand in the confirmatory antibody assay
c Determined using unlabeled filgrastim as the competitive ligand in the confirmatory antibody assay
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Twelve subjects (5.9%) in the PF-06881894
group and 15 (7.5%) in the pegfilgrastim-US
group had a confirmed postdose positive anti-
pegfilgrastim antibody test at any visit beyond

baseline; 16 and 23 subjects, respectively, were
confirmed postdose anti-pegfilgrastim anti-
body-positive at any visit, including at baseline.
Overall, anti-pegfilgrastim titers in subjects

Table 4 Summary of the proportion of subjects with confirmed postdose positive anti-pegfilgrastim antibody, NAbs
(immunogenicity analysis seta), and confirmed anti-PEG antibodies (full analysis setb) in the PF-06881894 and pegfil-
grastim-US multiple-dose study (C1221005)

PF-06881894 Pegfilgrastim-US Risk difference 90% CIc

N n (%) N n (%) (%) (%)

Predose anti-pegfilgrastim negative test result

Anti-pegfilgrastim antibody positive

at any visit

204 12 (5.9) 201 15 (7.5) - 1.6 - 5.915, 2.675

NAb positive at any visit 204 0 201 0 0 –

Predose anti-pegfilgrastim negative test result

Anti-pegfilgrastim antibody positive by visit

Baseline 208 4 (1.9) 209 8 (3.8)

Phase 1, day 13 203 10 (4.9) 199 9 (4.5)

Phase 1, day 30 199 6 (3.0) 200 4 (2.0)

Phase 2, day 13 185 2 (1.1) 186 1 (0.5)

Phase 2, day 30 186 2 (1.1) 184 1 (0.5)

Phase 2, day 60 183 1 (0.5) 182 0

Last postbaseline visit 204 1 (0.5) 201 0

Anti-PEG antibody positive by visit

Baseline 210 46 (21.9) 210 48 (22.9)

Phase 1, day 13 207 116 (56.0) 207 124 (59.9)

Phase 1, day 30 203 103 (50.7) 208 113 (54.3)

Phase 2, day 13 188 78 (41.5) 194 82 (42.3)

Phase 2, day 30 189 75 (39.7) 192 87 (45.3)

Phase 2, day 60 186 72 (38.7) 190 81 (42.6)

Last postbaseline visit 208 83 (39.9) 209 93 (44.5)

– no data, anti-PEG anti-polyethylene glycol, CI confidence interval, n number of subjects, N number of subjects evaluated,
NAb neutralizing antibody, pegfilgrastim-US pegfilgrastim sourced from the USA (reference product), PF-06881894 pro-
posed biosimilar of pegfilgrastim (test product)
a The immunogenicity analysis set included 208 subjects (98.1%) in the PF-06881894 group and 209 subjects (99.5%) in
the pegfilgrastim-US group who were randomized, received at least one dose of the study drug, and had at least one postdose
anti-drug antibody sample
b The full analysis set included 210 subjects (99.1%) in the PF-06881894 group and 210 subjects (100%) in the pegfil-
grastim-US group who were randomized to treatment and who received at least one dose of the study drug
c Non-inferiority was established when the upper limit of the 90% CI was B 0.10
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assessed at any visit were higher on day 13 of
phase 1 and waned over the course of phase 2.

One subject in the PF-06881894 group, who
was anti-pegfilgrastim antibody-negative at
baseline, was anti-pegfilgrastim antibody-posi-
tive postdose, at study completion, but was lost
to follow-up after the final prespecified visit. No
subject who was anti-pegfilgrastim negative at
baseline was NAb-positive at any visit (Table 4).
A subject in the PF-06881894 group who tested
anti-pegfilgrastim positive at baseline had two
anti-pegfilgrastim antibody samples that tested
positive for NAbs during phase 1, on day 13
(titer 16) and on day 30 (titer 8), and one sam-
ple in phase 1 tested positive for anti-PEG anti-
bodies on day 13 (titer 12,800). Throughout
phase 1, the positive anti-pegfilgrastim anti-
body samples for this subject were consistently
negative when tested for specificity to the fil-
grastim protein moiety, suggesting that the NAb
response was the result of the PEG moiety. No
discernible effect of NAbs was observed on this
subject’s ANC trends compared with subjects
without anti-pegfilgrastim antibodies, but this
subject did experience a treatment-emergent
adverse event (TEAE) of ISR related to study
drug, and discontinued by day 5 of phase 2.
This subject was not included in the primary
and secondary endpoint calculations because of
their positive anti-pegfilgrastim antibody result
at baseline (titer 80).

No clinically meaningful differences were
observed in the anti-PEG antibody status at
baseline (21.9% and 22.9% of subjects were
confirmed anti-PEG antibody-positive) between
the PF-06881894 (n = 210) and pegfilgrastim-US
(n = 210) groups, respectively, or throughout
the duration of the study. Confirmed positive
anti-PEG antibodies peaked on day 13 of
phase 1 for 56.0% and 59.9% of the subjects,
respectively, and declined to 39.9% and 44.5%
by the last postbaseline visit.

Safety

C1221001 and C1221005
Overall, the safety profiles of PF-06881894,
pegfilgrastim-US, and pegfilgrastim-EU in study
C1221001 were similar, as were those for PF-

06881894 and pegfilgrastim-US in study
C1221005; the percentages of subjects with all-
causality TEAEs (C1221001: 99.3%, 95.2%, and
95.3%, respectively; C1221005: 92.4% and
96.2%, respectively) were comparable across
groups within studies (Table 5).

The most frequently reported all-causality
TEAEs in study C1221001 were musculoskeletal
pain for 118 (79.7%) subjects in the PF-
06881894 group, 116 (79.5%) in the pegfilgras-
tim-US group, and 111 (75.0%) in the pegfil-
grastim-EU group, and headache for 101
(68.2%), 99 (67.8%), and 105 (70.9%) subjects,
respectively. In study C1221005, the TEAE
incidence was highest for back pain, which was
reported for 123 (58.6%) subjects in the PF-
06881894 group and for 126 (60.0%) in the
pegfilgrastim-US group, and next for headache,
which was reported for 111 (52.9%) and 107
(51.0%) subjects, respectively.

Four severe TEAEs (skin abrasion and skin
laceration in one subject in the PF-06881894
group, arthralgia in one subject in the PF-
06881894 group, and renal colic unrelated to
the study drug in one subject in the pegfilgras-
tim-EU group) were reported in study
C1221001, and no TEAEs were severe in either
treatment group in study C1221005. There were
no deaths in either study.

In study C1221001, three subjects (2.0%)
discontinued study drug administration: one
subject in the PF-06881894 group following a
non-drug-related spontaneous abortion, and
two subjects in the pegfilgrastim-US group fol-
lowing TEAEs of alanine aminotransferase
increased and rash generalized. Two of these
three subjects also discontinued from the study
as a result of these events (spontaneous abor-
tion and rash generalized). In study C1221005,
two subjects (0.5%) permanently discontinued
from the study as a result of a TEAE: one in the
PF-06881894 group, with a moderately serious
urinary tract infection considered unrelated to
the study drug; the other one in the pegfilgras-
tim-US group, with a moderate, non-serious
angioedema event of moderate severity consid-
ered related to the study drug.

A similar percentage of subjects experienced
treatment-emergent AESIs across groups in both
studies, and the most frequently reported AESI
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Table 5 Summary of TEAEs (in at least 10% of subjects for any treatment) and any treatment-emergent AESIs by preferred
term in single-dose (C1221001) and multiple-dose (C1221005) studies (safety analysis sets)

TEAEs
Preferred terma,b

Single-dosec study Multiple-dosec study

PF-06881894
(n = 148)

Pegfilgrastim-US
(n = 146)

Pegfilgrastim-EU
(n = 148)

PF-06881894
(n = 210)

Pegfilgrastim-US
(n = 210)

Number of subjects with at

least one all-causality

TEAE, n (%)

147 (99.3) 139 (95.2) 141 (95.3) 194 (92.4) 202 (96.2)

All TEAEs, n 732 666 648 616 567

Number of subjects who had

treatment-related TEAEs,

n (%)

143 (96.6) 134 (91.8) 138 (93.2) 191 (91.0) 198 (94.3)

All-causality TEAEs (reported in at least 10% of subjects for any treatment), n (%)

Musculoskeletal pain 118 (79.7) 116 (79.5) 111 (75.0) 47 (22.4) 37 (17.6)

Headache 101 (68.2) 99 (67.8) 105 (70.9) 111 (52.9) 107 (51.0)

Back pain 10 (6.8) 7 (4.8) 9 (6.1) 123 (58.6) 126 (60.0)

Nausea 28 (18.9) 25 (17.1) 25 (16.9) 9 (4.3) 14 (6.7)

Pain in extremity 2 (1.4) 10 (6.8) 4 (2.7) 37 (17.6) 31 (14.8)

Myalgia – – – 24 (11.4) 35 (16.7)

Injection-site pain 22 (14.9) 22 (15.1) 18 (12.2) 8 (3.8) 3 (1.4)

Dizziness 16 (10.8) 3 (2.1) 8 (5.4) 8 (3.8) 4 (1.9)

Catheter-site pain 15 (10.1) 13 (8.9) 14 (9.5) — —

Contusion 13 (8.8) 11 (7.5) 15 (10.1) 0 2 (1.0)

Vessel puncture-site bruise 15 (10.1) 11 (7.5) 9 (6.1) — —

Treatment-emergent AESIs

AESI category

Preferred terma

Number of subjects who

had a treatment-emergent

AESI, n (%)

8 (5.4) 12 (8.2)d 10 (6.8) 11 (5.2) 9 (4.3)

Potential allergic reactions 8 (5.4) 11 (7.5) 10 (6.8) 6 (2.9) 5 (2.4)

Rash 1 (0.7) 3 (2.1) 4 (2.7) — —

Dermatitis 1 (0.7) 0 1 (0.7) — —

Swelling face 0 0 1 (0.7) 1 (0.5) 0

Allergic respiratory disease 0 1 (0.7) 0 — —

Eczema 0 1 (0.7) 0 — —

Periorbital swelling — — — 1 (0.5) 0
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was potential allergic reactions (C1221001:
5.4%, 7.5%, and 6.8% in PF-06881894, pegfil-
grastim-US, and pegfilgrastim-EU, respectively;
C1221005: 2.9% and 2.4% in PF-068818894 and

pegfilgrastim-US, respectively; Table 5). One
subject (0.7%) each in the PF-06881894 and
pegfilgrastim-US groups in study C1221001 and
no subjects in study C1221005 had an AESI in

Table 5 continued

TEAEs
Preferred terma,b

Single-dosec study Multiple-dosec study

PF-06881894
(n = 148)

Pegfilgrastim-US
(n = 146)

Pegfilgrastim-EU
(n = 148)

PF-06881894
(n = 210)

Pegfilgrastim-US
(n = 210)

Rash generalized 0 1 (0.7) 0 — —

Rash pustular — — — 1 (0.5) 0

Skin reaction 0 0 1 (0.7) — —

Angioedema — — — 0 1 (0.5)

Rash macular — — — 1 (0.5) 0

Vessel puncture-site rash 1 (0.7) 0 0 – –

Hypersensitivity – – – 0 3 (1.4)e

Injection-site rash 2 (1.4) 2 (1.4) 1 (0.7) 1 (0.5)f 0

Dermatitis contact 0 1 (0.7) 1 (0.7) 2 (1.0) 1 (0.5)

Dermatitis allergic 2 (1.4) 1 (0.7) 1 (0.7) – –

Rhinitis allergic 1 (0.7) 2 (1.4) 0 – –

Thrombocytopenia 0 0 0 5 (2.4) 4 (1.9)

Thrombocytopenia 0 0 0 3 (1.4) 4 (1.9)

Platelet count decreased – – – 2 (1.0) 0

Splenomegaly 1 (0.7) 1 (0.7) 0 – –

Splenomegaly 1 (0.7) 1 (0.7) 0 – –

– not reported, AE adverse event, AESI adverse event of special interest, MedDRA Medical Dictionary for Regulatory
Activities, n number of subjects meeting prespecified criteria, pegfilgrastim-EU pegfilgrastim sourced from the European
Union (reference product), pegfilgrastim-US pegfilgrastim sourced from the USA (reference product), PF-06881894 pro-
posed biosimilar of pegfilgrastim (test product), TEAE treatment-emergent adverse event
a All investigator AE terms were coded using MedDRA version 19.1 for study C1221001 and MedDRA version 21.1 for
study C1221005
b Cutoff criterion for incidence of TEAEs was based on preferred term
c Includes TEAEs up to 30 days after the last dose of the study drug for study C1221001, and up to 60 ± 5 days in phase 2
of study C1221005, and AESI up to 30 days after the last dose of study drug in both studies
d One subject who received single-dose pegfilgrastim-US discontinued study treatment, and the study, due to AESI rash
generalized
e Two subjects (negative for anti-pegfilgrastim antibodies at baseline but positive when tested on day 13 of period 1)
reported hypersensitivity unrelated to the study drug
f One subject who received multiple-dose PF-06881894 [and was positive for anti-pegfilgrastim antibody at baseline (day 1)
and the period 1 follow-up (day 30)], reported the AESI of injection-site rash and discontinued (withdrew) from the study
after period 2 (day 5) without further immunogenicity samples being collected
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the splenomegaly category. The rates of AESI of
thrombocytopenia were similar between the PF-
06881894 and pegfilgrastim-US groups (2.4%
and 1.9%, respectively) in study C1221005, and
not present in study C1221001.

The ISR assessment in study C1221005
showed that 11 subjects (5.2%) in the PF-
06881894 group and eight (3.8%) in the pegfil-
grastim-US group reported at least one event
during the study. In the PF-06881894 group,
injection-site pain was reported for eight (3.8%)
subjects, injection-site ecchymosis for five sub-
jects (2.4%), and injection-site erythema or
pruritus for one subject (0.5%) each. In the
pegfilgrastim-US group, injection-site ecchy-
mosis was reported for six subjects (2.9%) and
injection-site pain by three (1.4%). All ISRs, and
ISRs captured during AE monitoring, were mild
in severity and none were clinically significant.

In both studies, there were no clinically sig-
nificant findings for vital signs, ECG, physical
examination, or clinical laboratory results.

DISCUSSION

Studies C1221001 and C1221005 were con-
ducted to support the totality of evidence for
demonstrating the biosimilarity of PF-06881894
to its US-licensed and EU-approved reference
products. Both studies met their primary and
secondary endpoints and collectively resulted
in the demonstration of PD/PK equivalence
among PF-06881894, pegfilgrastim-US, and
pegfilgrastim-EU, the non-inferior immuno-
genicity of PF-06881894 versus pegfilgrastim-
US, and no clinically meaningful differences in
the safety profile of PF-06881894 when consid-
ered with respect to the safety and tolerability of
the reference products in healthy volunteers.

Study C1221001 demonstrated the pharma-
cologic equivalence of PF-06881894 with pegfil-
grastim-US and pegfilgrastim-EU for the primary
PD endpoints (AUECANC and ANC_Cmax) and
primary PK variable (AUC0–? and Cmax) on the
basis of the 90% CIs being completely contained
within the 80–125% acceptance limits. Study
C1221001 also demonstrated robustness, with
equivalence extending to the results of the PD/

PK sensitivity analyses, as well as to the PD
results and sensitivity analysis (AUECANC and
ANC_Cmax) on the basis of the construction of a
95% CI. In addition, in study C1221001 it was
important to support bridging between local and
foreign pegfilgrastim products to satisfy regula-
tory filing requirements in major global juris-
dictions [23].

The crossover design of study C1221001 was
not suitable or powered for comparing immuno-
genicity among the three study treatments.
Although immunogenicity testing in study
C1221001 was strictly exploratory, the results
aided an early approximation of the incidence
and timing of ADAs, and paved the way for the
subsequent and more robust parallel, multiple-
dose, comparative immunogenicity study
(C1221005) that was appropriately designed and
powered for immunogenicity determinations.

Although PEGylation extends the circulating
kinetics of filgrastim and other biotherapeutics,
the PEG moiety is not immunologically inert
[24, 25]. The ubiquitous presence of PEG in a
variety of manufactured goods has likely
induced strong memory immune responses to
PEGylated polymers in some individuals [25].
Approximately 72% of the general population
test positive for anti-PEG antibodies, which is
similar to the 72.5% of subjects who were anti-
PEG antibody positive at least once during
study C1221001 [26]. Anti-PEG antibodies can
potentially reduce the circulation half-life of
PEGylated agents between two- to tenfold on
average and have been associated with reduced
therapeutic efficacy via enhanced clearance due
to neutralizing capacity [25, 27]. However,
patients who develop ADAs that are transient or
not clinically relevant can remain responsive to
treatment. All 10 subjects identified as anti-
pegfilgrastim antibody-positive during study
C1221001 were confirmed anti-pegfilgrastim
antibody-negative by the end of the study, with
no impact on PD/PK and safety, except in one
subject. That single subject was one of two who
had sustained high titer anti-PEG responses and
demonstrated transient NAbs that were not
specific for the filgrastim protein moiety, but
rather related to the PEG moiety.

It should be noted that assay development
and validations related to immunogenicity
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testing for study C1221001 were aligned with
the FDA’s 2009 draft guidance for industry,
which was available at the time, whereas
updated FDA regulatory guidance for immuno-
genicity testing in 2016 was applied to study
C1221005 [20, 21]. Therefore, in study
C1221005, updated partial validations for the
anti-pegfilgrastim ADA ECL method, the anti-
PEG ADA ELISA, and the cell-based NAb assay
methods were applied in response to evolving
guidance. As a result, a lower positive control
was subsequently implemented that repre-
sented a 1% assay failure rate in confirmatory
cut-point assays to ensure that the minimum
false-positive rates were met for the anti-pegfil-
grastim ADA determination. Normal serum
predose samples from study C1221005 were
used for the screening and confirmatory cut-
point validations of ELISAs and the screening
cut-point validations of cell-based NAb assays.

The results for comparative immunogenicity
in study C1221005—which confirmed the non-
inferiority of PF-06881894 versus pegfilgrastim-
US (12 [5.9%] vs 15 [7.5%] subjects with treat-
ment-emergent anti-pegfilgrastim antibodies,
respectively)—were balanced and generally
consistent with the exploratory findings in
study C1221001 in terms of ADAs and time
profiles, and supported the conclusion of
biosimilarity. The detection of ADAs consis-
tently peaked on day 13 of period/phase 1.

In studyC1221005, onday 13ofphase 1, anti-
pegfilgrastimantibodieswere detected in 4.9%of
subjects who received PF-06881894 and in 4.5%
of subjects who received pegfilgrastim-US,
whereas anti-PEG antibodies were detected in
56.0% and 59.9% of subjects, respectively. The
proportions of subjects who were anti-PEG anti-
body positive reflect the conservative approach
adopted in relation to this standalone assay, in
which every randomized subject was tested,
regardless of positivity in the anti-pegfilgrastim
antibody assay. In addition, the ELISA used to
determine anti-PEG specificity was found to
provide the highest sensitivity and specificity to
all anti-PEG antibodies tested during methodol-
ogy development assessments when ELISA and
ECL formats were compared. No NAbs were
detected among subjects who were negative for
anti-pegfilgrastim antibodies at baseline in study

C1221005. However, NAbs were detected twice
in one subject in study C1221005 who had pre-
existing anti-pegfilgrastim antibodies at base-
line, but no discernible clinical effect of theNAbs
was observed.

Beyond baseline detection of ADAs, many pre-
vious clinical studies have measured ADAs when
assessing pegfilgrastim and/or proposed biosimi-
lars of pegfilgrastim at day 21, 28, or later after
dosing has commenced [2, 28–33], or at unspeci-
fied intervals [34, 35]. Among earlier timed
immunogenicity assessments was a phase 1, ran-
domized, double-blind, three-way, three-period,
crossover study in which proposed pegfilgrastim
biosimilar MYL-1401H (pegfilgrastim-jmdb; Ful-
phila�, Mylan GmbH, Zurich, Switzerland) was
comparedwithpegfilgrastim-USand -EU reference
products in healthy volunteers [36]. ADAs were
assessed on days 7–9 of period 1. The incidence of
treatment-emergent ADAs ranged from 22% to
30% among treatment groups. Two subjects in the
MYL-1401H group and one subject each in the
pegfilgrastim-US and -EU reference groups devel-
oped treatment-emergent NAbs that, in the MYL-
1401H group, were characterized by very low titers
(8–10 ng/mL). Among them, one subject each in
the MYL-1401H group and the pegfilgrastim-US
group was anti-PEG positive, and the remaining
two subjects were both anti-pegfilgrastim positive
and anti-PEG positive. No loss of efficacy and no
safety issues were associated with the detected
NAbs in subjects.

ADA binding location and affinities are
known to variously impact drug clearance or
metabolism, efficacy, and/or safety [37, 38]. In
addition, the incidence of ADAs, including
NAbs, as a result of exposure to biologic prod-
ucts of the same sequence or structural homol-
ogy, tend to be disparately influenced by a
range of intrinsic and extrinsic factors, includ-
ing (but not limited to) assay methodology and
parameters (despite the use of fully validated
assays), sample collection and handling meth-
ods, concomitant medications, and disease
conditions [20]. Importantly, the FDA advises
that the immunogenicity of homologous bio-
logic products can only ever be appropriately
compared via head-to-head clinical studies that
employ standardized assays under the same
sensitivity and specificity conditions [20].
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Limitations in this study are intertwined with
the overall biosimilar development program for
which the latitude is limited. We acknowledge
that the PD/PK in healthy volunteers is poten-
tially different than that of patients; a small pilot
study was conducted in a patient population to
determine that the PD response and PK exposure
would be relatable (data not shown). Our studies
did not generate long-term safety data, although
the use of pegfilgrastim is typically not chronic,
and most treatment-emergent AEs have a rapid
onset. Rather, a robust program of long-term
toxicology data was generated. The methodol-
ogy employed in these studies used highly sen-
sitive bioanalytical methods to detect antibodies
to pegfilgrastim as well as their specificity for the
component molecules filgrastim and PEG. Not
all prior studies of pegfilgrastim (including
biosimilars) immunogenicity have included
specificity testing, particularly by testing for anti-
PEG antibody, the presence of which was found
to result in PK and PD changes in at least one
subject in our study. The timing of antibody
samples was also relevant, as the highest anti-
PEG responsewasobserved at or before day 13.As
a result, it is not possible to compare immuno-
genicity results across programs or products.

Overall, the safety results observed in clinical
studies C1221001 and C1221005 were consis-
tent with the known safety profiles of US- and
EU-approved pegfilgrastim, as described in the
US Prescribing Information and Summary of
Product Characteristics [7, 9]. PF-06881894 was
generally as well tolerated as the reference
products in each study, with no clinically
meaningful differences reported for TEAEs,
SAEs, and AESIs, and no trends were identified
related to TEAEs, contingent upon the presence
of anti-pegfilgrastim antibodies. The clinical
laboratory results and patterns observed with
PF-06881894 were also consistent with the
known therapeutic response and the safety
profiles for the reference products [7, 9].

CONCLUSIONS

PF-06881894, a proposed biosimilar of pegfil-
grastim, demonstrated PD and PK equivalence
to the US- and EU-approved pegfilgrastim

reference products (Neulasta�) in a single-dose,
three-period, crossover study. In a multiple-
dose, comparative immunogenicity study, PF-
06881894 was non-inferior to US-approved
pegfilgrastim. Across both studies, there were no
clinically meaningful differences in terms of
safety. Together, these studies demonstrate
support for biosimilarity of PF-06881894 to
Neulasta�.
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