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ABSTRACT

Introduction: To help prevent febrile neutrope-
nia, pegfilgrastim-cbqv (UDENYCA�; Coherus
BioSciences), a pegfilgrastim (NEULASTA�;
Amgen) biosimilar, is administered 24–96 h after
myelosuppressive chemotherapy. Delivery of
pegfilgrastim-cbqv using an on-body injector
(OBI) provides an alternative method of admin-
istration, affording options in drug delivery. This
study aimed to establish pharmacokinetic (PK)
and pharmacodynamic (PD) bioequivalence and
assess the safety of pegfilgrastim-cbqv adminis-
tered using an OBI compared with a prefilled syr-
inge (PFS).
Methods: In this open-label, two-period cross-
over study, healthy adult male participants
(N = 189) were randomly assigned 1:1 to receive
pegfilgrastim-cbqv 6 mg subcutaneously using
an OBI (n = 92) or a PFS (n = 95) in period 1 and
then an injection via the other method in
period 2. Primary PK end points were area under

the concentration–time curve from time 0 to
infinity, area under the concentration–time
curve from time 0 to the last quantifiable con-
centration, and maximum plasma concentra-
tion. Secondary PD end points, safety,
immunogenicity, and tolerability were also
assessed.
Results: The 90% confidence intervals (CIs) of
the geometric mean ratios for the PK and PD
end points fell within the predetermined range
(80–125%), indicating PK and PD bioequiva-
lence between pegfilgrastim-cbqv OBI and peg-
filgrastim-cbqv PFS. Treatment-emergent
adverse events (TEAEs) occurred in 87.8% and
75.8% of participants in the OBI and PFS
groups, respectively. Most TEAEs were muscu-
loskeletal effects. The most common OBI-
related TEAE was injection site erythema
(31.7%), which was mild, transient, and self-
limiting. The incidence of treatment-emergent
antidrug antibodies (ADAs) was similar between
the OBI and PFS. ADAs had no apparent impact
on PK, PD, or safety. Neutralizing antibodies
were not detected in any participant.
Conclusions: Results of the study showed PK
and PD bioequivalence of pegfilgrastim-cbqv
administered using OBI compared with PFS. OBI
and PFS administration had similar safety, tol-
erability, and immunogenicity profiles. No
unexpected safety signals were identified.
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PLAIN LANGUAGE SUMMARY

Febrile neutropenia is when a patient has a fever
and a lower-than-normal number of white
blood cells. When white blood cell counts are
low, patients are more susceptible to oppor-
tunistic infections as a result of their weakened
immune systems. Severe febrile neutropenia can
lead to the stopping or delaying of chemother-
apy. The drug pegfilgrastim-cbqv is used
24–96 h after chemotherapy to stimulate the
growth of white blood cells. Pegfilgrastim-cbqv
is available in a single-dose prefilled syringe and
in a prefilled autoinjector. If a patient cannot
inject themselves with the drug, they must go
to a clinic for the injection. Using an on-body
injector applied to the skin that automatically
injects the drug at a specific time could elimi-
nate the need to go to the clinic. During this
study, healthy adult male participants were
given pegfilgrastim-cbqv through an on-body
injector or a prefilled syringe to investigate if
the movement of the drug into, through, and
out of the body (pharmacokinetics) and the
physiological action of the drug in the body
(pharmacodynamics) were similar between the
two injection methods. Side effects were also
studied. The researchers found that the phar-
macokinetics and pharmacodynamics for peg-
filgrastim-cbqv given by on-body-injector or
prefilled syringe were similar. The number and
types of side effects were also similar. The most
common side effect for the on-body injector
was mild erythema at the injection site. This
side effect resolved by itself. The treatment
benefit and safety of pegfilgrastim-cbqv were
very similar regardless of how the drug was
administered.

Keywords: Bioequivalence; Febrile neutropenia;
Immunogenicity; On-body injector; Pegfilgras-
tim-cbqv;Pharmacokinetics; Pharmacodynamics

Key Summary Points

Why carry out this study?

The US Food and Drug Administration-
licensed biosimilar pegfilgrastim-cbqv
(UDENYCA�, Coherus BioSciences) was
initially approved for administration
using a prefilled syringe (PFS).

The on-body injector (OBI) presentation
was developed to offer a new
administration option for pegfilgrastim-
cbqv.

The investigator’s goals of this study were
to establish the pharmacokinetic (PK) and
pharmacodynamic (PD) bioequivalence of
pegfilgrastim-cbqv by OBI and
pegfilgrastim-cbqv by PFS and to assess
the safety and tolerability of the OBI.

What was learned from the study?

The PK, PD, and safety assessments
following administration of pegfilgrastim-
cbqv by OBI were similar to those of
administration by PFS.

The use of a pegfilgrastim-cbqv OBI may
be a beneficial alternative to
administration of pegfilgrastim-cbqv by
PFS, providing an additional option for
dose delivery, which reduces the need for
patient visits to health care facilities to
receive the recommended next-day
administration of pegfilgrastim-cbqv at a
clinic or hospital.

DIGITAL FEATURES

This article is published with digital features,
including a Graphical Abstract, to facilitate
understanding of the article. To view digital
features for this article, go to https://doi.org/10.
6084/m9.figshare.24517105.
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INTRODUCTION

Febrile neutropenia (FN) is a serious complica-
tion of cancer chemotherapy. It is defined as an
oral temperature of greater than 38.3 �C or two
consecutive readings of greater than 38.0 �C
sustained over 2 h and an absolute neutrophil
count (ANC) of less than 0.5 9 109/L or an ANC
expected to decrease to less than 0.5 9 109/L
over a period of 48 h [1, 2]. Associated with
substantial morbidity and mortality, FN is also
one of the most frequent complications of
chemotherapy [3–8]. As a result of FN, treat-
ment efficacy can be compromised because of
delays and dose reductions in chemotherapy
[4, 8]. FN is also associated with a substantial
increase in health care-related costs [3].

Granulocyte colony-stimulating factors (G-
CSFs) substantially reduce the risk of infection
that could result from FN and are recommended
as prophylaxis by international guidelines
[1, 4, 9–11]. Long-acting G-CSFs, such as peg-
filgrastim (NEULASTA�; Amgen, Thousand
Oaks, CA), are administered 24–96 h after
chemotherapy and decrease the risk of FN
[10–15].

Although biologic medications such as peg-
filgrastim have marked clinical benefit, biolog-
ics are associated with considerable cost [16].
Biosimilars are biologic drugs proven to be
highly similar in potency, safety, and efficacy to
the originator biologic (reference product) but
available at a lower cost [17]. Pegfilgrastim-cbqv
(UDENYCA�; Coherus BioSciences, Redwood
City, CA) is approved by the US Food and Drug
Administration (FDA) as a biosimilar to peg-
filgrastim [12, 13]. Bioequivalence between
pegfilgrastim-cbqv and the reference product
pegfilgrastim, along with a similar safety profile,
was established during a trial of a single-dose
injected using a prefilled syringe (PFS) [18].

As an alternative to the pegfilgrastim-cbqv
PFS, a pegfilgrastim-cbqv on-body injector (OBI)
drug–device combination product was devel-
oped. It consists of a 6-mg/0.6-mL single-dose
pegfilgrastim-cbqv solution contained in a PFS
copackaged with an OBI. The OBI is filled by the
health care provider and attached to the
patient’s arm or abdomen. Patients can return

home after chemotherapy wearing the OBI,
which is preset to automatically deliver a dose
of pegfilgrastim-cbqv 27 h after chemotherapy
[14]. The dosage, route of administration, and
conditions of use (i.e., indication and dosing
regimen) of this new presentation are identical
to those of the FDA-licensed pegfilgrastim-cbqv
single-dose 6-mg PFS and the reference product
pegfilgrastim [12]. The OBI provides an alter-
native for patients who are unable to self-
administer the drug and reduces the need for a
second health care visit to receive the recom-
mended next-day administration of pegfilgrastim-
cbqv [16]. The goal of the current study was
to establish the pharmacokinetic (PK) bio-
equivalence of pegfilgrastim-cbqv OBI and peg-
filgrastim-cbqv PFS and to assess the pharmaco-
dynamic (PD) bioequivalence, the safety
(including immunogenicity), and the tolerability
of the OBI.

METHODS

Study Design

This was a randomized, open-label, two-period,
two-sequence crossover study that was con-
ducted over a period of 14–16 weeks from
November 2020 to August 2021 at two clinical
sites in the USA. The study was designed to
assess the PK bioequivalence of a single 6-mg
subcutaneous (SC) injection of pegfilgrastim-
cbqv administered using an OBI compared with
a PFS. PD bioequivalence, safety (including
immunogenicity), and tolerability were also
assessed.

After an initial screening period (a 28-day
period before dosing), participants were ran-
domly assigned 1:1 to receive pegfilgrastim-
cbqv 6 mg SC using a PFS or an OBI adminis-
tered by or under health care provider supervi-
sion on day 1 of period 1. After a 6- to 8-week
washout period, participants received a single
injection of pegfilgrastim-cbqv 6 mg on day 1 of
period 2 using the method not used in period 1
(Supplementary Material Fig. S1). A sample for
hematologic testing was drawn 2 days before
period 2. To be eligible for enrollment in
period 2, participants were required to have an
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ANC of 1.7–7.2 9 103/mm3 and a white blood
cell (WBC) count of 4.0–11.0 9 103/mm3. If the
ANC or WBC count was outside this range, two
subsequent counts were allowed, if the pre-
scribed washout period was not exceeded and
the participants’ ANC and WBC met the count
criteria.

During periods 1 and 2, participants were
admitted to the clinical sites 2 days before the
first dose and remained at the site through the
96-h postdose time point (i.e., day 5). Blood
samples were collected at specified time points
for PK and PD measurements, and participants
were closely monitored for safety. During the
admission period, samples were collected
30 min before dosing and 0.25, 0.5, 0.75, 1, 2, 3,
4, 6, 8, 10, 12, 16, 24, 36, 48, 60, 72, 84, and
96 h after dosing. Following discharge for each
period, participants returned to the clinical sites
for outpatient visits for blood sample collection
on days 6–11, 13, and 21 and in period 1 on
day 28. Antidrug antibody (ADA) samples were
collected in both periods on day 1 before dosing
and on day 11 and in period 2 on day 28.

Participants and Treatment

All participants were healthy, male, and aged
18–45 years with a body weight between 50 and
100 kg and a body mass index between 18 and
28 kg/m2. Participants who were previously
given filgrastim or pegfilgrastim were not
included in the study. Pegfilgrastim-cbqv was
supplied either as a single 6-mg dose in a PFS or
as a copackaged OBI and PFS. The OBI was a
wearable drug delivery device attached to the
participant’s arm or abdomen and held in place
by an adhesive pad. Participants who received
the OBI could not shower, bathe, or exercise
until the OBI was removed. The study drug was
administered at approximately the same time
on day 1 of periods 1 and 2. The OBI was pro-
grammed to deliver the study drug 27 h after
activation (which occurred after the OBI was
filled with study drug) and over a period of
5 min.

Ethical Approval

The protocol and informed consent form were
reviewed and approved by the Advarra institu-
tional review board (IRB registration number
IRB0000097).

The study was conducted in accordance with
all applicable laws and regulations and com-
plied with the International Conference for
Harmonisation E6 Guideline on Good Clinical
Practice. All procedures were in accordance with
the ethical standards of the institutional and/or
national research committee and with the 1964
Helsinki declaration and its later amendments
or comparable ethical standards. Informed
consent was obtained from all individual par-
ticipants included in the study.

PK and PD End Points

Plasma samples were analyzed for pegfilgrastim-
cbqv concentrations using a validated enzyme-
linked immunosorbent assay with a sensitivity
of 150 pg/mL. Anti-G-CSF antibodies were used
as capture and detection reagents to perform
the assay. Using automated hematology ana-
lyzers that were subject to FDA regulation and
underwent evaluation and approval of all ana-
lytical performance standards, Clinical Labora-
tory Improvement Amendments certified
laboratories carried out the ANC analysis.
Phoenix WinNonlin version 8.1 (Certara L.P.,
Princeton, NJ) was used to determine the PK
parameters, while Statistical Analysis System
(SAS; SAS Institute, Cary, NC) version 9.4 was
used to calculate PK and PD bioequivalence.

The primary PK end points were area under
the concentration–time curve (AUC) from
time 0 to infinity (AUC0–inf), area under the
concentration–time curve from time 0 to the
last quantifiable concentration (AUC0–last), and
maximum plasma concentration (Cmax). Other
PK end points were time to maximum plasma
concentration (Tmax), terminal elimination
half-life, elimination rate constant, AUC from
time 0 to 288 h, apparent extravascular clear-
ance, volume of distribution, and percentage
AUC extrapolated. The key PD parameters were
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ANC–time curve from time 0 to the last quantifi-
able absolute neutrophil count (ANC AUC0–last)
and the maximum absolute neutrophil count
(ANCmax). Other PD end points were time to
maximum ANC and area under the ANC–time
curve from time 0 to 480 h.

Safety

Measures of safety were treatment-emergent
adverse events (TEAEs), AEs of special interest,
serious adverse events (SAEs), local injection site
reactions, laboratory tests, hematology, coagu-
lation, urinalysis, and vital signs.

Immunogenicity

Samples were tested for the presence of ADAs
using a validated electrochemiluminescence
bridging assay [18–20]. All ADA-positive sam-
ples were characterized for titer, binding reac-
tivity (to polyethylene glycol [PEG] or G-CSF),
and neutralizing antibodies (NAbs) by use of a
validated cell-based assay. Any NAb-positive
samples were further tested to determine their
ability to neutralize endogenous G-CSF. Details
of the immunogenicity assays (ADA and NAb)
are discussed in a previous publication [19].

Tolerability

Skin reactions to the OBI adhesive were evalu-
ated using the dermal response scale [21]. The
scale ranged from 0 (no evidence of irritation)
to 7 (strong reaction spreading beyond the
application site) [21]. Pain was evaluated using
the Wong-Baker FACES pain rating scale [22].
The pain scale ranged from 0 (no hurt) to 10
(hurts worst) [22]. The number and the per-
centage of participants in each result category
for each scale were summarized for the peg-
filgrastim-cbqv OBI treatment group.

Statistical Analysis

Determination of Sample Size
The study was powered to support the primary
objective of determining PK bioequivalence,
and the sample size was estimated on the basis

of the results from a previous pegfilgrastim-cbqv
study [18]. Approximately 186 participants were
randomly assigned 1:1 to each treatment
sequence in the study, based on the assump-
tions of an intraparticipant coefficient of varia-
tion (CV) B 47.5%, expected true geometric
mean ratio (GMR) B 1.07 for the primary PK
end points, and a 35% dropout rate.

Primary PK Bioequivalence Analysis
In the PK bioequivalence assessment for the pri-
mary analysis, using the PK-evaluable population,
the logarithm-transformed parameters AUC0–inf,
AUC0–last, and Cmax were analyzed using an
analysis of variance (ANOVA), including terms of
sequence (i.e., treatment sequence), treatment
(i.e., treatment group), and period as fixed effects
and participant nested within sequence as a ran-
dom effect. PK bioequivalence was demonstrated
if the 90% confidence interval (CI) for the GMR of
pegfilgrastim-cbqv OBI/PFS fell within the range
of 80–125% for AUC0–inf, AUC0–last, and Cmax.
The PK-evaluable population consisted of all
participants who received two full doses of peg-
filgrastim-cbqv and had sufficient plasma con-
centration–time data to permit reliable cal-
culation of PK parameters for at least one of the
primary PK end points.

Sensitivity Analysis for PK Bioequivalence
Assessment
A sensitivity analysis for PK bioequivalence was
conducted to test the robustness of the primary
analysis using participants in the PK-evaluable
population plus PK outliers. A PK outlier was
defined as any participant who had an unusu-
ally high or low PK response to either treatment
that differed from the data for that participant
or any of the participants. Numerically, a par-
ticipant was a PK outlier if the participant had at
least one intraparticipant CV that was greater
than 100% in the AUC0–inf, AUC0–last, and Cmax

between period 1 and period 2.
For the sensitivity analysis, the logarithm-

transformed parameters AUC0–inf, AUC0–last,
and Cmax were analyzed using the same ANOVA
model as the primary PK bioequivalence analy-
sis. PK bioequivalence was demonstrated if the
90% CI for the GMR of pegfilgrastim-cbqv OBI/
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PFS fell within the range of 80–125% for
AUC0–inf, AUC0–last, and Cmax.

Secondary PD Bioequivalence Analysis
PD parameters were summarized by treatment
group and study period using the PD-evaluable
population. The PD-evaluable population con-
sisted of all participants who received two full
doses of pegfilgrastim-cbqv and had sufficient
data to permit reliable calculation of the PD
parameters for at least one of the primary PD
end points. Geometric mean (GM) and geo-
metric CV% were added to the descriptive
statistics.

In the PD bioequivalence assessment, loga-
rithmic transformations of the PD parameters
were analyzed using an analysis of covariance
model, including terms for sequence (i.e.,
treatment sequence), treatment (i.e., treatment
group), and period as fixed effects; participant
nested within sequence as a random effect; and
baseline ANC as a covariate. PD bioequivalence
was demonstrated if the 90% CI for the GMR of
pegfilgrastim-cbqv OBI/PFS fell within the range
of 80–125% for ANC (AUC0–last) and ANCmax in
the PD-evaluable population.

Safety
Safety data were summarized and listed for the
safety population. The safety population con-
sisted of all randomly assigned participants who
received at least one dose of pegfilgrastim-cbqv
using a PFS or an OBI. No formal statistical
analysis of the safety data was conducted; safety
data were analyzed descriptively.

Immunogenicity
Incidence and time course of ADAs, ADA titer,
and NAbs, if any, were summarized by treat-
ment group and by treatment sequence group
using the safety population. Additional analyses
were conducted to explore the impact of ADAs
or NAbs on PK, PD, and safety. The PK con-
centration population, comprising all partici-
pants who received any amount of
pegfilgrastim-cbqv and had any measurable
plasma PK data, was used to assess the impact of
immunogenicity on PK. The safety population

was used to assess the impact of immuno-
genicity on PD and safety.

RESULTS

Participant Demographics and Treatment

A total of 189 participants were randomly
assigned in a 1:1 ratio between two treatment
sequences (pegfilgrastim-cbqv OBI then peg-
filgrastim-cbqv PFS, n = 94; pegfilgrastim-cbqv
PFS then pegfilgrastim-cbqv OBI, n = 95).
Participant disposition and baseline demo-
graphics were balanced between both treatment
sequences (Tables 1 and 2). Overall, 137 partic-
ipants (72.5%) completed both periods, and 52
participants (27.5%) withdrew early from the
study. The most common reasons for early
withdrawal were AEs and failure to meet pro-
tocol-specified ANC or WBC count criteria
before dosing. Overall, four participants (2.1%)
from the OBI treatment group (OBI malfunc-
tion) and zero participants from the PFS group
withdrew from the study because of technical
problems (Table 1).

Pharmacokinetics

The mean plasma concentration versus time
curves were similar between treatment groups
in the PK-evaluable population. The mean
pegfilgrastim-cbqv plasma concentrations
peaked at approximately 16 h after dosing for
both treatment groups (Fig. 1). The GMs of
AUC0–last were 8790.4 h�ng/mL and 7633.3
h�ng/mL, the GMs of AUC0–inf were
8812.0 h�ng/mL and 7657.0 h�ng/mL, and the
Cmax values were 229.6 ng/mL and 199.4 ng/mL
for pegfilgrastim-cbqv OBI and pegfilgrastim-
cbqv PFS, respectively (Supplementary Material
Table S1).

PK bioequivalence of the pegfilgrastim-cbqv
OBI compared with the PFS was established on
the basis of the 90% CI of GMRs for AUC0–inf,
AUC0–last, and Cmax using the PK-evaluable
population. For AUC0–inf and AUC0–last, the
GMRs were 115.8 (90% CI 107.3–124.9) and
115.8 (90% CI 107.3–125.0), respectively. The
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GMR for Cmax was 115.7 (90% CI 107.2–124.8).
Because the 90% CIs for the GMRs of peg-
filgrastim-cbqv OBI/pegfilgrastim-cbqv PFS for
the primary PK parameters fell within the pre-
determined range, PK bioequivalence was
shown between the pegfilgrastim-cbqv OBI and
PFS (Table 3).

The robustness of the primary PK analysis
was assessed in a sensitivity analysis that
included the PK-evaluable population and the
PK outliers. In the sensitivity analysis, the GMRs
for AUC0–inf and AUC0–last were 112.4 (90% CI
102.7–123.0) and 112.4 (90% CI 102.7–123.1),
respectively. The GMR for Cmax was 113.7
(90% CI 103.4–124.9). Because the 90% CIs for
theGMRsofpegfilgrastim-cbqvOBI/pegfilgrastim-
cbqv PFSwere within the predetermined range, PK
bioequivalence was further demonstrated in the
sensitivity analysis (Table 4).

Pharmacodynamics

For both treatment groups, the mean ANC
peaked at approximately 72 h after dosing and
returned approximately to baseline levels in the
PD-evaluable population (Fig. 2). The mean and
highest ANCmax and Tmax values for pegfilgrastim-
cbqv OBI and pegfilgrastim-cbqv PFS were also
similar (Supplementary Material Table S2). Over-
all, the mean ANC was similar between the two
treatment groups over time.

The PD bioequivalence of the pegfilgrastim-
cbqv OBI and PFS was established on the basis of
the 90% CIs for the GMRs for ANC AUC0–last

and ANCmax using the PD-evaluable population.
For the ANC AUC0–last and the ANCmax, the
GMRs were 100.4 (90% CI 98.4–102.4) and
102.1 (90% CI 99.8–104.5), respectively.
Because the 90% CIs for the GMRs of peg-
filgrastim-cbqv OBI/pegfilgrastim-cbqv PFS were

Table 1 Participant disposition by treatment sequence (randomly assigned population)

Pegfilgrastim-cbqv OBI/
pegfilgrastim-cbqv PFS
n (%)

Pegfilgrastim-cbqv PFS/
pegfilgrastim-cbqv OBI
n (%)

Total
N (%)

Randomly assigned 94 (100.0) 95 (100.0) 189 (100.0)

Took the first dose 92 (97.9) 95 (100.0) 187 (98.9)

Took the second dose 66 (70.2) 72 (75.8) 138 (73.0)

Completed both study periods 66 (70.2) 71 (74.7) 137 (72.5)

Reason for early withdrawal 28 (29.8) 24 (25.3) 52 (27.5)

AE 9 (9.6) 4 (4.2) 13 (6.9)

Death 1 (1.1) 0 1 (0.5)

Lost to follow-up 1 (1.1) 3 (3.2) 4 (2.1)

Physician decision 0 1 (1.1) 1 (0.5)

Protocol deviation 1 (1.1) 4 (4.2) 5 (2.6)

Did not meet ANC/WBC criteria 8 (8.5) 4 (4.2) 12 (6.3)

Technical problems 1 (1.1) 3 (3.2) 4 (2.1)

Withdrawal by participant 6 (6.4) 5 (5.3) 11 (5.8)

Other 1 (1.1) 0 1 (0.5)

In each column, percentages were calculated using the number of participants randomly assigned in the study as the
denominator
AE adverse event, ANC absolute neutrophil count, OBI on-body injector, PFS prefilled syringe, WBC white blood cell
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within the range of 80–125%, PD bioequiva-
lence was shown (Table 5).

Safety

Overall, 144 participants (87.8%) in the peg-
filgrastim-cbqv OBI group and 122 participants
(75.8%) in the pegfilgrastim-cbqv PFS group
experienced at least one TEAE. Most TEAEs were
considered related to the study drug and were
mild. Only two participants experienced

treatment-emergent serious adverse events
(TESAEs) (one from each group): the participant
in the pegfilgrastim-cbqv OBI group experi-
enced moderate left nephrolithiasis on day 1 in
period 2, and the participant in the pegfilgrastim-
cbqv OBI group experienced a fatal asthma attack
on day 41 in period 1. Neither TESAE was con-
sidered related to the study drug or the device. In
addition, one participant (0.6%) in the pegfil-
grastim-cbqv OBI group experienced a TEAE of
special interest (perivascular dermatitis) (Table 6).

Table 2 Demographic and baseline characteristics by treatment sequence (safety population)

Characteristic category/statistic Pegfilgrastim-cbqv OBI/
pegfilgrastim-cbqv PFS
n = 92

Pegfilgrastim-cbqv PFS/
pegfilgrastim-cbqv OBI
n = 95

Total
N = 187

Age at informed consent, years

Mean (SD) 30.5 (6.79) 31.4 (7.25) 30.9 (7.02)

Median 30.0 31.0 30.0

Minimum 18 19 18

Maximum 45 45 45

Race, n (%)

White 45 (48.9) 48 (50.5) 93 (49.7)

Black or African American 29 (31.5) 28 (29.5) 57 (30.5)

Asian 8 (8.7) 11 (11.6) 19 (10.2)

American Indian or Alaska native 1 (1.1) 0 1 (0.5)

Native Hawaiian or other Pacific Islander 0 0 0

Other 9 (9.8) 8 (8.4) 17 (9.1)

Ethnicity, n (%)

Hispanic or Latino 20 (21.7) 20 (21.1) 40 (21.4)

Not Hispanic or Latino 72 (78.3) 75 (78.9) 147 (78.6)

Baseline BMI, kg/m2

Mean (SD) 24.45 (2.31) 24.60 (2.46) 24.53 (2.38)

Median 24.45 24.90 24.50

Minimum 18.4 19.3 18.4

Maximum 28.1 28.0 28.1

Baseline was defined as the last measurement before the first dose of study drug. Percentages were calculated using the
number of participants in the column header as the denominator
BMI body mass index, OBI on-body injector, PFS prefilled syringe, SD standard deviation
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In total, eight participants (4.9%) in the
pegfilgrastim-cbqv OBI group and four partici-
pants (2.5%) in the pegfilgrastim-cbqv PFS
group withdrew from the study because of an
AE. Only one participant (0.6%) in each group
experienced a study drug-related TEAE that led
to withdrawal from the study (Table 6).

The most common study drug-related TEAEs
for pegfilgrastim-cbqv OBI and pegfilgrastim-
cbqv PFS were musculoskeletal and connective
tissue disorders (61.6% vs. 56.5%), nervous
system disorders (29.9% vs. 23.0%), and general
disorders and administration site conditions
(6.1% vs. 4.3%). TEAEs for pegfilgrastim-cbqv
OBI and pegfilgrastim-cbqv PFS were mainly
those attributed to the expected musculoskele-
tal effects of G-CSF-related therapeutics,
including myalgia (35.4% vs. 36.6%), back pain
(12.8% vs. 9.3%), and spinal pain (5.5% vs.
6.8%) (Table 7).

Overall, 55 participants (33.5%) experienced
TEAEs related to the OBI. The most common
TEAE related to the OBI was injection site ery-
thema (52 participants [31.7%]). The injection

site erythema was considered mild and self-
limiting and was deemed to be due to the
adhesive of the OBI.

There were no clinically meaningful changes
in the median values for the chemistry or
hematology laboratory tests from baseline or
any notifiable differences in the safety labora-
tory results for chemistry, hematology, and
urinalysis parameters between treatment
groups. Overall, there were no new or unex-
pected safety findings.

Tolerability

The pegfilgrastim-cbqv OBI performed as
expected; there were no concerns with adhesion
during the study. On the basis of the dermal
response scale, most participants who received
pegfilgrastim-cbqv OBI had minimal erythema
that was barely perceptible when the OBI was
removed. Five participants (3.1%) had definite
erythema that was readily visible and minimal
edema or minimal papular response with
removal of the OBI. One participant (0.6%) had

Fig. 1 Mean pegfilgrastim-cbqv concentrations by treat-
ment group for period 1 and period 2 combined (PK-
evaluable population). Concentrations collected at the

follow-up visit were not included. OBI on-body injector,
PFS prefilled syringe, PK pharmacokinetics
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erythema and papules 48, 72, and 96 h after
dosing.

Most participants who received pegfilgrastim-
cbqv OBI reported having no pain at initial
adhesion (169 participants [99.4%]), needle
insertion (113 participants [68.9%]), or removal
(117 participants [72.2%]) of OBI (i.e., rated 0
on the Wong-Baker FACES pain rating scale)
[22]. Three participants (1.8%) reported having
pain with needle insertion and two participants
(1.2%) reported having pain during OBI
removal (i.e., rated 6 on the Wong-Baker FACES
pain rating scale) [22].

Immunogenicity

At baseline, 18 participants were positive for
ADAs. The incidence of treatment-emergent
ADAs in period 1 was similar for the OBI
(40.0%) and the PFS (36.6%). ADA titers were
low and primarily directed to the PEG moiety of
pegfilgrastim-cbqv in both treatment groups.
The overall incidence of ADAs was similar in

both treatment sequences (Table 8). NAbs were
not detected in any participant at any time.

Impact of Immunogenicity on PK and PD
To assess the impact of ADAs on the PK of
pegfilgrastim-cbqv OBI and PFS, the GMs of
Cmax and AUC values were compared in ADA-
positive and ADA-negative participants. On the
basis of treatment, the GMs of Cmax and AUC
values were similar in ADA-positive and ADA-
negative participants (Supplementary Material
Table S3). No impact of immunogenicity on PK
was observed.

To assess the impact of ADAs on the PD of
pegfilgrastim-cbqv OBI and pegfilgrastim-cbqv
PFS, the GMs of ANCmax and ANC AUC0–last

values were compared in ADA-positive and
ADA-negative participants on the basis of
treatment with the pegfilgrastim-cbqv OBI or
the PFS. The GM values were similar (Supple-
mentary Material Table S4). No impact of
immunogenicity on PD was observed.

Table 3 Analysis of PK pegfilgrastim-cbqv parameters by treatment group for period 1 and 2 combined (PK-evaluable
population)

PK parameter n Geometric LSMa Ratio of geometric
LSM %

90% CI for
ratio %b

Intraparticipant
CV%c

Pegfilgrastim-
cbqv OBI

Pegfilgrastim-
cbqv PFS

AUC0–last,

h�ng/mL

132 8817.76 7612.00 115.8 107.3–125.0 38.7

AUC0–inf,

h�ng/mL

132 8839.35 7635.75 115.8 107.3–124.9 38.6

Cmax, ng/mL 132 230.20 199.00 115.7 107.2–124.8 38.5

An ANOVA model was performed on logarithm-transformed PK parameters, including treatment sequence, period, and
treatment group as fixed effects, and participant within-treatment sequence as a random effect. The ratio of geometric LSM
was calculated as pegfilgrastim-cbqv OBI/pegfilgrastim-cbqv PFS. If a parameter was only available in a particular participant
for 1 of the 2 treatment periods, the participant was excluded from the analysis for that parameter
ANOVA analysis of variance, AUC0–inf area under the concentration–time curve from time 0 to infinity, AUC0–last area
under the concentration–time curve from time 0 to the last quantifiable concentration, CI confidence interval, Cmax

maximum plasma concentration, CV coefficient of variation, LSM least squares mean, OBI on-body injector, PFS prefilled
syringe, PK pharmacokinetics
aGeometric LSM was the LSM from the ANOVA model presented after back-transformation to the original scale
bThe 90% CIs were presented after back-transformation to the original scale
cIntraparticipant CV% was calculated as 100 9 H(exp[Sigma2] - 1), where Sigma2 was the residual variance estimate from
PROC MIXED (SAS Institute, Cary, NC)
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Table 4 Sensitivity analysis of PK pegfilgrastim-cbqv parameters by treatment group for period 1 and 2 combined (PK-
evaluable population and PK outliers)

PK parameter n Geometric LSMa Ratio of geometric
LSM %

90% CI for
ratio %b

Intraparticipant
CV%c

Pegfilgrastim-
cbqv OBI

Pegfilgrastim-
cbqv PFS

AUC0–last,

h�ng/mL

137 8523.92 7581.14 112.4 102.7–123.1 47.7

AUC0–inf,

h�ng/mL

137 8548.80 7605.89 112.4 102.7–123.0 47.5

Cmax, ng/mL 137 224.60 197.59 113.7 103.4–124.9 49.8

An ANOVA model was performed on logarithm-transformed PK parameters, including treatment sequence, period, and
treatment group as fixed effects, and participant within-treatment sequence as a random effect. The ratio of geometric LSM
was calculated as pegfilgrastim-cbqv OBI/pegfilgrastim-cbqv PFS. If a parameter was only available in a particular participant
for 1 of the 2 treatment periods, the participant was excluded from the analysis for that parameter
ANOVA analysis of variance, AUC0–inf area under the concentration–time curve from time 0 to infinity, AUC0–last area
under the concentration–time curve from time 0 to the last quantifiable concentration, CI confidence interval, Cmax

maximum plasma concentration, CV coefficient of variation, LSM least squares mean, OBI on-body injector, PFS prefilled
syringe, PK pharmacokinetics
aGeometric LSM was the LSM from the ANOVA model presented after back-transformation to the original scale
bThe 90% CIs were presented after back-transformation to the original scale
cIntraparticipant CV% was calculated as 100 9 H(exp[Sigma2] - 1), where Sigma2 was the residual variance estimate from
PROC MIXED (SAS Institute, Cary, NC)

Fig. 2 Mean PD ANC by treatment group for period 1
and period 2 combined (PD-evaluable population). Con-
centrations collected at the follow-up visit were not

included. ANC absolute neutrophil count, OBI on-body
injector, PD pharmacodynamics, PFS prefilled syringe, SD
standard deviation
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Impact of Immunogenicity on Safety
In both treatment groups, TEAEs were compa-
rable for the ADA-positive and ADA-negative
participants (Supplementary Material Table S5).
No impact of immunogenicity on safety was
observed.

DISCUSSION

This study was conducted to evaluate the bio-
equivalence of pegfilgrastim-cbqv administered
via an OBI compared with a PFS in healthy adult
male participants. Because the 90% CIs of the
GMRs for the PK primary end points were fully
contained within the prespecified range, PK
bioequivalence was demonstrated between the
pegfilgrastim-cbqv OBI and PFS. Results of the
additional sensitivity analysis emphasized the
robustness of the PK results. PD bioequivalence
was also established. The GMRs for the PK and
PD parameters assessed in the current study are
comparable to those found in a prior study for
which the results showed PK and PD bioequiv-
alence of pegfilgrastim-cbqv delivered via a PFS

and pegfilgrastim (PFS) in healthy participants
[18].

The mean plasma levels of pegfilgrastim-
cbqv for the OBI and PFS treatment groups were
superimposable at all time points, with both
treatment groups showing a rapid increase fol-
lowed by a steady decrease in the levels. The
mean ANC levels for the pegfilgrastim-cbqv OBI
and PFS groups were also very similar. After
administration of pegfilgrastim-cbqv, the mean
ANC levels decreased, followed by a return to
baseline levels 2 h after administration. This
fluctuation can be explained by the mechanism
of action of pegfilgrastim-cbqv, which causes
margination of peripheral neutrophils, followed
by subsequent demargination of peripheral
neutrophils and increased release of mature
neutrophils from the bone marrow [23].

The majority of TEAEs with pegfilgrastim-
cbqv OBI and PFS were mild and mainly
attributed to the expected musculoskeletal
effects of GSF-related therapeutics. The most
common TEAE related to the OBI was injection
site erythema, which was mild and caused by
the OBI adhesive. Most participants who
received pegfilgrastim-cbqv using the OBI had

Table 5 Analysis of PD ANC parameters by treatment group for period 1 and 2 combined (PD-evaluable population)

PD parameter n Geometric LSMa Ratio of geometric
LSM %

90% CI for
ratiob %

Intraparticipant
CV%c

Pegfilgrastim-
cbqv OBI

Pegfilgrastim-
cbqv PFS

ANC AUC0–last,

h�109/L
138 5674.4 5652.9 100.4 98.4–102.4 10.2

ANCmax, 10
9/L 138 35.7 34.9 102.1 99.8–104.5 11.5

An ANCOVA model was performed on logarithm-transformed PD parameters, including treatment sequence, period, and
treatment group as fixed effects; participant within-treatment sequence as a random effect; and baseline ANC as a covariate.
The ratio of geometric LSM was calculated as pegfilgrastim-cbqv OBI/pegfilgrastim-cbqv PFS. If a parameter was only
available in a particular participant for 1 of the 2 treatment periods, the participant was excluded from the analysis for that
parameter
ANC absolute neutrophil count, ANCOVA analysis of covariance, ANC AUC0–last area under the absolute neutrophil
count-time curve calculated from time 0 to the last quantifiable absolute neutrophil count, ANCmax maximum absolute
neutrophil count, CI confidence interval, CV coefficient of variation, LSM least squares mean, OBI on-body injector,
PD pharmacodynamics, PFS prefilled syringe
aGeometric LSM was the LSM from the ANCOVA model presented after back-transformation to the original scale
bThe 90% CIs were presented after back-transformation to the original scale
cIntraparticipant CV% was calculated as 100 9 H(exp[Sigma2] - 1), where Sigma2 was the residual variance estimate from
PROC MIXED (SAS Institute, Cary, NC)
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Table 6 Overview of TEAEs by treatment group at onset (safety population)

Category Pegfilgrastim-cbqv
OBI
n = 164
n (%)

Pegfilgrastim-cbqv
PFS
n = 161
n (%)

Participants who experienced any TEAE 144 (87.8) 122 (75.8)

Maximum severity of TEAE

Mild 139 (84.8) 116 (72.0)

Moderate 4 (2.4) 6 (3.7)

Severe 0 0

Life-threatening 0 0

Death 1 (0.6) 0

Participants who experienced any TEAE related to study drug 119 (72.6) 102 (63.4)

Maximum severity of any TEAE related to study drug

Mild 116 (70.7) 99 (61.5)

Moderate 3 (1.8) 3 (1.9)

Severe 0 0

Life-threatening 0 0

Death 0 0

Participants who experienced any TEAE of special interest 1 (0.6) 0

Participants who experienced any TEAE related to an ISR 59 (36.0) 9 (5.6)

Participants who experienced any TESAE 1 (0.6) 1 (0.6)

Participants who experienced any TESAE related to study drug 0 0

Death from a TEAE 1 (0.6) 0

Participants who experienced a TEAE that led to withdrawal

from study

8 (4.9) 4 (2.5)

Participants who experienced a TEAE related to study

drug and that led to withdrawal from study

1 (0.6) 1 (0.6)

Percentage was calculated using the number of participants in the column header as the denominator. TEAEs were AEs that
started on or after the first dose of study drug. TEAEs were summarized by the participant’s treatment group when the
events were reported
AE adverse event, ISR injection site reaction, OBI on-body injector, PFS prefilled syringe, TEAE treatment-emergent
adverse event, TESAE treatment-emergent serious adverse event
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minimal erythema and reported no pain on
adhesion, needle insertion, or removal of the
OBI. Titers of ADA-positive participants were
generally low and against the PEG portion of
pegfilgrastim-cbqv. Overall, the safety profile of
the pegfilgrastim-cbqv OBI (including
immunogenicity) was similar and consistent
with the known safety profile of the pegfilgras-
tim-cbqv PFS [12].

Failure rates of the OBI device are a key
metric because a missed or partial dose due to
device failure may considerably increase the risk
of FN [5–7]. During the current study, four
participants (2.1%) in the OBI group withdrew
from the trial because of OBI malfunction.
Results of previous studies of patients using an
OBI with pegfilgrastim (the pegfilgrastim
OnPro) showed that the device was subject to
failure at a rate of 1–6.9% [24, 25], meaning that
the failure rate of the pegfilgrastim-cbqv OBI in
the current study was within the known range
and lower than rates reported in studies that
used a different device [24, 25].

Each method of administration has advan-
tages and disadvantages, with specific benefits
that appeal to different patients. The availabil-
ity of more than one type of administration
device allows the selection of the option that
best fits user needs and preferences [16, 26–28].
The benefits of using an OBI to administer
pegfilgrastim-cbqv are twofold: (1) patients who
are unable to self-inject using a PFS or autoin-
jector have an alternative method for which no
intervention from the patient is necessary and
(2) the need for a second health care visit to
receive the recommended next-day administra-
tion of pegfilgrastim-cbqv is reduced. Addi-
tionally, use of a pegfilgrastim-cbqv OBI could
improve treatment adherence rates when used
in patient groups who prefer not to self-inject
[16, 28]. In a previous study of G-CSF prophy-
laxis, administration using an OBI compared
with a PFS was associated with improved treat-
ment adherence (94.0% [95% CI 92.9–95.2]
versus 58.4% [95% CI 55.2–61.5]) [29]. The
results of one study reported adherence to the
prescribed regimen as 97.6% and 63.1% for
patients administered treatment with the OBI
and PFS, respectively [28].

Table 7 Drug-related TEAEs ([ 2% of participants in
any treatment group) by treatment group at onset by
system organ class and preferred term (safety population)

System organ class
preferred term

Pegfilgrastim-
cbqv OBI
n = 164
n (%)

Pegfilgrastim-
cbqv PFS
n = 161
n (%)

Participants who

experienced any

TEAE related to study

drug

119 (72.6) 102 (63.4)

Musculoskeletal and

connective tissue

disorders

101 (61.6) 91 (56.5)

Myalgia 58 (35.4) 59 (36.6)

Back pain 21 (12.8) 15 (9.3)

Spinal pain 9 (5.5) 11 (6.8)

Bone pain 8 (4.9) 5 (3.1)

Musculoskeletal pain 4 (2.4) 3 (1.9)

Arthralgia 4 (2.4) 0

Nervous system

disorders

49 (29.9) 37 (23.0)

Headache 46 (28.0) 37 (23.0)

General disorders and

administration site

conditions

10 (6.1) 7 (4.3)

Injection site erythema 4 (2.4) 0

Skin and subcutaneous

tissue disorders

7 (4.3) 0

Erythema 6 (3.7) 0

Percentage was calculated using the number of participants
in the column header as the denominator. TEAEs were
AEs that started on or after the first dose of study drug.
TEAEs were summarized by the participant’s treatment
group when the events were reported. All TEAEs were
coded using MedDRA version 23.1
AE adverse event; MedDRAMedical Dictionary for Reg-
ulatory Activities, OBI on-body injector, PFS prefilled
syringe, TEAE treatment-emergent adverse event
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Table 8 ADAs at baseline and during the study by period and treatment sequence (safety population)

Pegfilgrastim-cbqv OBI/
pegfilgrastim-cbqv PFS
n = 92
n (%)

Pegfilgrastim-cbqv PFS/
pegfilgrastim-cbqv OBI
n = 95
n (%)

Total antibody incidencea N0 = 92 N0 = 95

Binding (ADA) 40 (43.5) 42 (44.2)

Total treatment-emergent antibody incidenceb N0 = 80 N0 = 82

Binding (ADA) 32 (40.0) 32 (39.0)

Baseline (preexisting antibody incidence)c N0 = 92 N0 = 95

Binding (ADA) 8 (8.7) 10 (10.5)

Binding (ADA) by binding specificity

PEG and G-CSF 0 0

G-CSF only 0 1 (1.1)

PEG only 4 (4.3) 7 (7.4)

None 4 (4.3) 2 (2.1)

Treatment-boosted antibody incidenced N0 = 87 N0 = 92

Binding (ADA) 3 (3.4) 1 (1.1)

Period 1 treatment-emergent antibody incidencee N0 = 80 N0 = 82

Binding (ADA) 32 (40.0) 30 (36.6)

Binding (ADA) by binding specificity

PEG and G-CSF 2 (2.5) 4 (4.9)

G-CSF only 2 (2.5) 0

PEG only 15 (18.8) 18 (22.0)

None 13 (16.3) 8 (9.8)

Period 2 new treatment-emergent antibody incidencef N0 = 38 N0 = 38

Binding (ADA) 0 2 (5.3)

ADA antidrug antibody, G-CSF granulocyte colony-stimulating factor, N0 number of participants with antidrug antibodies
assessed at the specified time point, OBI on-body injector, PEG polyethylene glycol, PFS prefilled syringe
aTotal antibody incidence: positive ADA results at any visit
bTotal treatment-emergent antibody incidence: negative ADA results or no result at baseline and positive ADA result after
dose
cBaseline: period 1, day 1 before dose
dTreatment-boosted antibody incidence: positive ADA result at baseline and positive ADA result after dose with postdose
titer value at least fourfold the titer value at baseline
eTreatment-emergent antibody incidence: negative ADA result or no result at baseline and positive ADA result in period 1
after dose
fNew treatment-emergent antibody incidence: negative ADA result at all visits in period 1 and period 2, day 1 before dose
and positive ADA result in period 2 after dose
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A possible limitation of the current study
could be that only healthy male participants
were included. However, the FDA recognizes
that healthy participants are the most sensitive
population when aiming to detect differences in
PK and PD, which was the objective of the study
[30]. Furthermore, previous studies have shown
that the PK and PD of pegfilgrastim do not vary
between men and women [12, 13, 18].

CONCLUSIONS

The results of this study show that the peg-
filgrastim-cbqv OBI can be used as an alterna-
tive to the PFS. The PK, PD, and safety (includ-
ing immunogenicity) profiles with
administration of pegfilgrastim-cbqv using an
OBI are similar to those of administration using
a PFS. The OBI had minimal device-specific
adverse effects. Use of the pegfilgrastim-cbqv
OBI may minimize the number of patient visits
to the clinic and improve patient adherence.
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