Chemotherapy-induced neutropenia in rats following administration of eflapegrastim* or
pegfilgrastim on the same day at three different timepoints and at 24 hours post-chemotherapy
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INTRODUCTION

SAME DAY DOSING PROTOCOL

BONE MARROW UPTAKE IN
CHEMOTHERAPY-INDUCED NEUTROPENIC RATS

• Chemotherapy induced neutropenia (CIN) and its associated complications remain a clinical
challenge even with considerable improvements in cancer treatment and broad access to
G-CSF prophylaxis (Crawford 2008, Denduluri 2015, Lyman 2019).
• Eflapegrastim is a novel, non-biosimilar, long-acting granulocyte-colony stimulating factor
(G‑CSF) comprised of a G-CSF analog and an IgG4 Fc fragment conjugated via a short
flexible polyethylene glycol linker (Figure 1) (Shin 2013); the strategy of adding an Fc
fragment to improve pharmacological properties has been used in marketed biologics that
collectively have been safely and effectively administered to treat hundreds of thousands of
patients (e.g., etanercept, aflibercept, dulaglutide) (Valeria 2017).
Figure 1. Mechanism of Action of Eflapegrastim

• Eflapegrastim was administered at a reduced G-CSF dose vs pegfilgrastim (60% of the
G-CSF in the pegfilgrastim dose), and neutropenia was induced with combination TC
chemotherapy, approximating the setting used in the eflapegrastim phase 3 trials.
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• Venous blood samples were collected on Day 0, 0.25, 1, 2, 3, 4, 5, 6, 7 and 8 (N=5) for the
determination of absolute neutrophil count (ANC), using Sysmex XN1000-V (Sysmex, Japan).
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Eflapegrastim is a long-acting granulocyte-colony stimulating factor (G-CSF) produced by covalent coupling of a human G-CSF analog and
an Fc fragment of human immunoglobulin G4 (IgG4), both derived from recombinant E.coli via a single 3.4 kDa polyethylene glycol linker

• As predicted by its molecular design, early preclinical studies showed increased uptake
and retention in the bone marrow for eflapegrastim due to the interaction of its Fc fragment
with FcRn. The Fc fragment addition resulted in increased activity for eflapegrastim
compared to pegfilgrastim in a rat model of CIN where eflapegrastim was administered 24 hr
post-chemotherapy (Kim 2017).
• In clinical studies, eflapegrastim showed non-inferiority versus pegfilgrastim at a lower
G-CSF dose (Vacirca 2018, Schwartzberg 2020). In two large (N=643) Phase 3 trials in
patients with early-stage breast cancer treated with adjuvant/neoadjuvant docetaxel/
cyclophosphamide (TC) chemotherapy (NCT02643420, NCT02953340), eflapegrastim
demonstrated non-inferiority (P<0.0001) at a lower dose of G-CSF vs pegfilgrastim
(3.6 mg vs 6.0 mg) (Schwartzberg ASCO 2019).

• Neutropenia was induced in male SD rats by administering single-agent cyclophosphamide
(CPA) at 50 mg/kg, i.p.
• Four days later, equivalent G-CSF doses (100 µg/kg) of eflapegrastim or pegfilgrastim were
administered s.c. to 15 animals per group.

Serum and bone marrow concentrations of eflapegrastim and pegfilgrastim in
neutropenic rats following subcutaneous injection
Time Post-Injection
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179.7 ± 32.2

13.2 ± 1.7

0.2 ± 0.0
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120.9 ± 13.2
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8.1 ± 1.5

0.4 ± 0.037

0.1 ± 0.1
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Eflapegrastim

64.4 ± 3.9

92.6 ± 2.1

62.4 ± 18.3

14.7 ± 2.4

1.5 ± 0.2

Pegfilgrastim

45.7 ± 4.1

44.3 ± 7.7

1.9 ± 0.6
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• We hypothesize that the addition of the Fc fragment may support eflapegrastim
administration on the same day as chemotherapy.
• The present study was performed to assess the feasibility of same-day dosing of
eflapegrastim vs pegfilgrastim in a rat model of CIN using relative doses of eflapegrastim and
pegfilgrastim that approximate those used in the eflapegrastim phase 3 trials (eflapegrastim
at 60% of the G-CSF dose in pegfilgrastim) and the same combination TC chemotherapy.

Summary: Bone Marrow Uptake in Chemotherapy-Induced Neutropenic Rats

Binding of Eflapegrastim to FcRn was studied by ELISA (A). The
concentration of individual test articles was calculated based
on the theoretical Fc protein to make equivalent molarity. For
studying transcytosis (B), the quantity of eflapegrastim and
pegfilgrastim transported across the cell layer was determined
by ELISA. The data are presented as mean values from duplicate
samples. The error bars represent SEM values. *p <0.05; **p<
0.01. OD: optical density. FcRn: neonatal Fc receptor; IVIG:
intravenous immunoglobulin G; GlycoFcG1: glycosylated
Fc fragment of human IgG1; AglycoFcG1: Aglycosylated Fc
fragment of human IgG1; MDCK: Madin-Darby Canine Kidney
cells; MDCK‑FcRn: MDCK cells with over-expressed FcRn
obtained by transfection.

IN VITRO SUMMARY
• G-CSF receptor binding KD was comparable for eflapegrastim (3.6 nM) and
pegfilgrastim (2.9 nM).
• Stimulation of bone marrow cell proliferation were also comparable; EC50 values (expressed
as concentration of G-CSF in ng/mL) were 0.11 ± 0.02 for eflapegrastim 0.13 ± 0.02 for
pegfilgrastim.
• Eflapegrastim bound to FcRn with affinities comparable to those of glycosylated and
aglycosylated Fc fragments of human IgG1, at lower levels than those of serum IgG.
• Eflapegrastim showed a 4-fold increase in transport in FcRn-expressing MDCK cells
compared to MDCK-WT cells (43 vs 160 pM); in contrast, pegfilgrastim showed similar
transport in FcRn-expressing MDCK and MDCK-WT cells (73 vs 86 pM).
• These results, as expected, show that eflapegrastim, unlike pegfilgrastim, can undergo
FcRn-mediated transcytosis.
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• In eflapegrastim-treated rats with CIN, ANC values at nadir were ~2 fold higher; in addition,
post-nadir ANC recovery was also markedly increased through Day 8 for eflapegrastim vs
pegfilgrastim.

Bone Marrow (ng/g as G-CSF)

BQL: Below quantification limit; G-CSF: granulocyte colony stimulating factor;
NC: Not calculated Data presented are mean; ± SEM values from 3 animals

FCRN BINDING AND FCRN-MEDIATED TRANSCYTOSIS

• Duration of neutropenia (DN) was determined by computing the number of days ANC was
below the mean ANC of untreated control group).

• At 8, 30, 54, 72, and 96 hours post G-CSF administration 3 animals per group were
euthanized and serum and bone marrow levels of G-CSF were determined via ELISA (IBL
Cat. No. JP27131).

STUDY RATIONALE
• While clinical practice guidelines recommend prophylactic administration of G-CSF 24-hours
post-chemotherapy (NCCN 2020), same-day administration with chemotherapy would
simplify G-CSF prophylaxis for both patients and practices; however, the results of clinical
studies testing this strategy have failed to provide evidence to support its use, and instead
suggest a loss of efficacy for current G-CSF prophylaxis options (Burris 2010, Weycker 2016).

• Area under the ANC-versus-time effect curve above baseline (AUECANC) was calculated for
individual animals by subtracting the effects of chemotherapy alone at corresponding times.

*p < 0.05

• Peak levels of eflapegrastim occurred at 30 hr while pegfilgrastim peak levels in serum and
bone marrow were observed at 8- 30 hours.
• Eflapegrastim exhibited approximately 3-fold higher serum exposure (AUClast 12401vs 4263
ng·hr/ml) and Cmax (308 vs 125 ng/ml) versus pegfilgrastim at the same G-CSF doses.
• The terminal half-lives for both compounds were comparable at approximately 4 hours.
• Bone marrow levels of eflapegrastim were higher vs those of pegfilgrastim at all
corresponding time points.
• Bone marrow levels of eflapegrastim declined at a slower rate than those of pegfilgrastim.
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• Eflapegrastim-treated rats showed significantly higher AUECANC and lower DN compared to
pegfilgrastim-treated rats, regardless of the time of administration after chemotherapy.
• The DN observed on dosing eflapegrastim concomitantly with chemotherapy was minimal
(0.6 day) and similar to DN on eflapegrastim dosing 24 hr post-chemotherapy (0.2 day).

SUMMARY
• In vitro results showed comparable effects for eflapegrastim and pegfilgrastim in stimulating
the proliferation of neutrophil progenitors.
• As expected, due to its unique molecular structure that includes an IgG4 Fc fragment,
eflapegrastim—but not pegfilgrastim—showed FcRn-mediated transcytosis.
• Compared to pegfilgrastim, eflapegrastim showed ~3-fold higher exposure in serum and
bone marrow and persisted longer in the bone marrow in neutropenic rats.
• With relative doses approximating those used in the eflapegrastim Phase 3 trials
(eflapegrastim given at 60% of the G-CSF dose of pegfilgrastim), the duration of
neutropenia in a rat model of CIN was significantly shorter with eflapegrastim vs
pegfilgrastim, regardless of the timing of administration: concomitantly, on the same day
post-chemotherapy, and 24-hr post-chemotherapy.
• These preclinical results support our hypothesis that the increased activity and unique PK
properties of eflapegrastim may provide effective prophylaxis against CIN when given on
the same day as chemotherapy.
• Accordingly, a phase 1 clinical trial (NCT04187898) has been initiated to assess the
feasibility of eflapegrastim administration on the same day as chemotherapy in patients with
ESBC receiving TC chemotherapy (same setting as in the eflapegrastim phase 3 trials).

*Eflapegrastim is an investigational drug not approved by the FDA
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