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Abstract
Background Eflapegrastim  (Rolontis®) is a novel long‐acting pegylated recombinant human granulocyte colony-stimulating 
factor (G-CSF). Eflapegrastim has been developed to reduce the duration and incidence of chemotherapy-induced neutropenia 
in cancer patients using patient-friendly, less-frequent administration.
Objective This phase I study aimed to evaluate the safety, tolerability, pharmacokinetic (PK), pharmacodynamic (PD), and 
immunogenicity of eflapegrastim following a single subcutaneous administration to healthy Japanese and Caucasian subjects.
Methods A randomized, double-blind, placebo- and active-controlled, dose-escalation study was conducted in healthy Japa-
nese and Caucasian subjects. Eligible subjects randomly received a single subcutaneous administration of eflapegrastim (1.1, 
3.3, 10, 45, 135, and 270 μg/kg), pegfilgrastim 6 mg, or placebo in a ratio of 6:2:2 (Cohorts 1–2, Caucasian subjects only) 
or 12:2:2 (Cohorts 3–6, Japanese and Caucasian subjects). Safety and tolerability were assessed throughout the study. Serial 
blood samples were collected predose and up to day 22 postdose for PK and PD analyses. PK assessments were performed 
in the 45, 135, and 270 µg/kg dose groups. Antidrug antibodies to eflapegrastim were determined at baseline up to day 42 
after the first dose for immunogenicity.
Results A total of 84 subjects (42 males and 42 females) were enrolled, and 78 (31 Japanese and 47 Caucasian subjects) 
completed the study as planned. Japanese and Caucasian subjects showed similar PK and PD profiles. In the 45, 135, and 
270 µg/kg dose groups, the maximum serum concentration (Cmax) of eflapegrastim exhibited a dose-proportional increase, 
whereas its exposure increased greater than dose proportional in both ethnic groups. The mean area under the effect-time 
curve  (AUEClast) and maximum serum concentration of both absolute neutrophil count  (ANCmax) and  CD34+ cell count 
 (CD34+

max) increased in a dose-dependent manner. There were no significant adverse events attributable to eflapegrastim or 
pegfilgrastim in both Japanese and Caucasian subjects. No neutralizing antibodies against G‐CSF were detected.
Conclusions Eflapegrastim was safe and well tolerated at doses up to 270 μg/kg in healthy Japanese and Caucasian subjects. 
In both ethnic groups, eflapegrastim showed dose-dependent PK and the exposure to eflapegrastim was positively correlated 
with ANC and  CD34+ cell count. The comparable PK and PD profiles of eflapegrastim in Japanese and Caucasian subjects 
may indicate the same dosage regimen is acceptable.
Clinical Trial Registration ClinicalTrials.gov: NCT01037543 (23 December 2009).
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1 Introduction

Neutropenia, a common complication of chemotherapy, is 
characterized by an abnormally low concentration of abso-
lute neutrophil count (ANC), which may lead to hospitali-
zation and increase the risk of infection [1]. Patients with 
neutropenia may have to delay, reduce, or discontinue their 

https://orcid.org/0000-0002-5134-065X
https://orcid.org/0000-0001-7047-308X
https://orcid.org/0000-0002-0784-6522
http://orcid.org/0000-0001-6713-5418
http://crossmark.crossref.org/dialog/?doi=10.1007/s40268-021-00379-8&domain=pdf


72 Y. Jeon et al.

Key Points 

In this phase I study, eflapegrastim  (Rolontis®), a novel 
long‐acting granulocyte colony-stimulating factor devel-
oped to prevent chemotherapy-induced neutropenia, was 
evaluated in healthy Japanese and Caucasian subjects.

A single subcutaneous administration of eflapegrastim 
1.1–270 μg/kg was safe and well tolerated in Japanese 
and Caucasian subjects.

The Japanese and Caucasian subjects showed similar 
pharmacokinetic and pharmacodynamic profiles of efla-
pegrastim 45–135 μg/kg, suggesting that different dosage 
regimens based on ethnicity may not be required.

with pegfilgrastim, and hence supporting the potential for 
same-day dosing of eflapegrastim with chemotherapy [12]. 
In healthy Korean subjects, a single subcutaneous adminis-
tration of eflapegrastim showed a greater than dose-propor-
tional increase in exposure, while both the ANC and  CD34+ 
cell count were positively correlated with the area under the 
concentration-time curve (AUC) [10].

This first-in-human study of eflapegrastim was conducted 
to evaluate the potential ethnic differences between Japa-
nese and Caucasian subjects. The primary objective was to 
evaluate the safety and tolerability of eflapegrastim after a 
single subcutaneous administration in healthy Japanese and 
Caucasian subjects. The secondary objectives were to (1) 
assess the pharmacokinetic (PK) and pharmacodynamic 
(PD) profiles, and immunogenicity of a single subcutane-
ous administration of eflapegrastim, and (2) characterize the 
PK/PD relationship in those subjects.

2  Methods

2.1  Subjects and Study Design

Males and females aged 20–45 years, with a body mass 
index (BMI) of 18.0–29.9 kg/m2 were eligible for this study 
if they were healthy by medical history, physical exami-
nation, vital signs, 12-lead electrocardiogram (ECG), and 
laboratory test (chemistry, hematology, and urinalysis) 
assessments. Subjects were defined as Japanese if they were 
born in Japan, had two parents of Japanese descent, held 
a Japanese passport, and had not lived outside Japan for 
> 5 years, while subjects were defined as Caucasian if they 
were of European or Latin American descent. Subjects were 
excluded if they had previously received G-CSF-related 
products. Subjects with a history or presence of a signifi-
cant disease, a positive urine drug/alcohol screening test or 
a drug/alcohol abuse history, or a positive test for hepatitis 
B, hepatitis C, or human immunodeficiency virus were also 
excluded. Prescription or nonprescription drugs within 14 
or 7 days, respectively, prior to administration of the study 
drug were not allowed. Pregnant or breastfeeding subjects 
were not eligible for this study.

This was a first-in-human, randomized, double-blind, pla-
cebo- and active-controlled, single-dose, phase I study to 
evaluate the safety, tolerability, PK, PD, and immunogenic-
ity of eflapegrastim in healthy Japanese and Caucasian sub-
jects. The study consisted of six cohorts, in which subjects 
randomly received a single subcutaneous administration of 
eflapegrastim, pegfilgrastim 6 mg, or placebo in a ratio of 
6:2:2 (Cohorts 1 and 2) or 12:2:2 (Cohorts 3–6). The dose of 
eflapegrastim in Cohorts 1–6 was 1.1, 3.3, 10, 45, 135, and 
270 μg/kg, respectively. No Japanese subjects were enrolled 
into the two lowest dose groups (Cohorts 1 and 2), whereas 

chemotherapy, which harbors potential negative clinical out-
comes [1]. To minimize the aforementioned risk, physicians 
have widely prescribed the recombinant human (rh) granu-
locyte colony-stimulating factor (G-CSF) since 1991 [2, 3]. 
G-CSF is a glycoprotein that stimulates the bone marrow to 
produce granulocytes and stem cells and release them into 
the bloodstream [4].

Filgrastim  (Neupogen®), an rh-G-CSF, requires multiple 
daily injections due to its short half-life (3.5 h) in humans 
[5]. To overcome the inconvenience of multiple daily injec-
tions, pegfilgrastim  (Neulasta®), a long-acting rh-G-CSF 
conjugated with polyethylene glycol (PEG), was developed 
to extend the half-life of filgrastim, and thereby more con-
venient and less frequent administration per chemotherapy 
cycle [6]. The current guidelines by both the National Com-
prehensive Cancer Network [7] and the American Society of 
Clinical Oncology [8] recommend pegfilgrastim be admin-
istered the day after or up to 4 days following chemother-
apy, but not on the same day of chemotherapy to prevent 
enhanced chemotherapy-induced neutropenia due to the pro-
liferation of myeloid progenitor cells by pegfilgrastim [9].

Eflapegrastim  (Rolontis®) or HM10460A, a novel long-
acting rh-G-CSF, conjugates the G-CSF analog (the 17th 
serine-G-CSF) and the N-terminus of an rh-immunoglobulin 
(Ig) G4 Fc fragment (HMC001) via a 3.4 kDa PEG linker 
[10] using Hanmi’s proprietary long-acting protein/pep-
tide discovery technology (LAPSCOVERY™). The LAP-
SCOVERY™ technology enables eflapegrastim to be long-
acting by increasing its uptake into the bone marrow [11] 
while decreasing the renal clearance. Eflapegrastim showed 
not only similar in vitro binding affinity to that of pegfil-
grastim [12] but also greater potency than pegfilgrastim in 
chemotherapy-induced neutropenic rats [13]. Moreover, the 
greater bone marrow uptake and retention of eflapegrastim 
was shown to reduce the duration of neutropenia compared 



73Safety, PK, and PD of Eflapegrastim in Healthy Japanese and Caucasian Subjects

both Japanese and Caucasian subjects were recruited into 
Cohorts 3–6 in the same ratio, or 8:8. Additionally, the same 
number of males and females were enrolled in each cohort.

The No Observed Adverse Effect Levels (NOAEL) 
assessed from the preclinical toxicity studies in rats and 
monkeys were 0.161 and 0.969 mg/kg, respectively. In 
order to ensure the safety of eflapegrastim, the maximum 
recommended starting dose of eflapegrastim in humans was 
estimated to be 1.1 μg/kg after applying a standard safety 
factor of 10. Six ascending dose cohorts were planned with 
a maximum planned dose of 270 μg/kg.

This study was conducted at the Early Phase Clinical 
Unit of PAREXEL International (Glendale, CA, USA). The 
clinical study protocol, any amendments, subject informa-
tion sheets, written informed consent forms, and relevant 
study documentation were reviewed and approved by the 
Institutional Review Board (Aspire IRB; ClinicalTrials.gov 
registration number NCT01037543). The study was con-
ducted in full compliance with the International Conference 
on Harmonization (ICH) Good Clinical Practice guidelines 
and the Declaration of Helsinki. All subjects provided writ-
ten informed consent before study entry.

2.2  Safety and Tolerability Assessments

Safety was assessed at regular intervals throughout the 
entire study based on physical examinations, injection site 
assessments, splenic assessments by ultrasound, laboratory 
tests, 12-lead ECG, vital signs, immunogenicity assessment, 
and adverse event (AE) monitoring. Local tolerability was 
assessed based on the presence of inflammatory signs such 
as spontaneous pain or tenderness, erythema, swelling, and 
induration at 1, 24, and 48 h postdose. The end-of-study 
visit occurred on day 42 after a single dose of eflapegrastim.

A serious AE was defined as any undesirable experience 
occurring to a subject at any dose result in one of the follow-
ing: death, life-threatening event, hospitalization (initial or 
prolonged), disability (significant or persistent), and congen-
ital anomaly. The severity of all observed AEs was assessed 
based on a three-level scale of mild, moderate, and severe, 
respectively, an event that is easily tolerated and not interfer-
ing with daily activity, that interferes with daily activity, and 
that requires medical intervention.

2.3  Bioanalysis

The immunogenicity of eflapegrastim was assessed by a 
validated enzyme-linked immunosorbent assay (ELISA). 
The serum concentrations of eflapegrastim were deter-
mined using an anti-human G-CSF ELISA kit (Synexa 
Life Sciences, Cape Town, South Africa; reference number 
SG005/2010). The assay depended on the 96-well streptavi-
din-coated microplates, to which biotinylated eflapegrastim 

was added. Following incubation and washing step, the 
detection antibody (i.e., digoxigenin-labeled anti-human 
IgG4) was bound to eflapegrastim. After an additional incu-
bation and washing step, an anti-digoxigenin peroxidase-
labeled antibody was added with a further incubation step. 
A substrate was added, colorization was stopped, and the 
optical density of each well was measured at 450 nm using 
a microplate reader.

The serum concentrations of eflapegrastim were deter-
mined from the standard curve, which was constructed by 
plotting the blank-corrected mean optical density against the 
serum concentrations of eflapegrastim using a four-param-
eter logistic regression model. For the serum eflapegrastim 
analysis, the standard curve was accurate (−6.55% ≤ % rela-
tive error ≤ 2.37%) and precise (0.13% ≤ % coefficient of 
variation ≤ 13.3%) over the calibration range of 3.13–200 
ng/mL, with a lower limit of quantification (LLOQ) of 3.13 
ng/mL.

Antidrug antibodies (ADA) to eflapegrastim, pegfil-
grastim, placebo, and G-CSF were determined at screening 
and on days 15, 22, and 42 using ELISA. If any of the sub-
jects in a dose group were positive or the immunogenicity 
results were positive, the dose was not escalated to the next 
higher level.

2.4  Pharmacokinetic Assessment

Blood samples were obtained to determine serum eflape-
grastim and pegfilgrastim concentrations at 0, 0.25, 0.5, 
0.75, 1, 2, 3, 4, 6, 8, 12, 16, 24, 36, and 48 h and on days 4, 
5, 6, 7, 11, 15, and 22. Individual PK parameters of eflape-
grastim and pegfilgrastim were obtained by noncompart-
mental methods using the Phoenix WinNonlin software 
(Professional version 5.1; Pharsight Corporation, Mountain 
View, CA, USA). The maximum serum concentration (Cmax) 
and time to reach Cmax (Tmax) were acquired directly from the 
observed values. AUC from time zero to the last observed 
concentration (AUC last) was calculated using the linear trap-
ezoidal method. The terminal elimination half‐life (t½) was 
ln(2) divided by the apparent terminal elimination rate con-
stant (λz), which was estimated by linear regression of the 
terminal linear portion of the log concentration versus time 
curve. The AUC from time zero to infinity (AUC ∞) was the 
sum of AUC last and  Clast/λz, where  Clast was the last observed 
concentration. The apparent clearance (CL/F) was the dose 
divided by AUC ∞.

2.5  Pharmacodynamic Assessment

PD endpoints included ANC and  CD34+ cell count. Blood 
samples for ANC were collected at 0, 0.25, 0.5, 0.75, 
1, 2, 3, 4, 6, 8, 12, 16, 24, 36, and 48 h postdose and on 
days 4, 5, 6, 7, 11, 15, and 22. On the other hand, blood 
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samples for  CD34+ cell count were collected at predose, 
24 and 48 h postdose and on days 4, 5, 6, 7, 11, 15, and 
22. The maximum serum concentration of ANC  (ANCmax) 
and  CD34+ cell count  (CD34+

max) and time to reach peak 
ANC (Tmax_ANC) and  CD34+ cell count (Tmax_CD34+) were 
derived from the observed values. The mean area under the 
effect-time curve  (AUEClast) was calculated as the area under 
the PD response curve from time zero to the last observed 
value using the linear trapezoidal rule. For each of ANC and 
 CD34+ cell count, the derived parameters were calculated 
using the Phoenix WinNonlin software (Professional version 
5.1; Pharsight Corporation).

2.6  Statistical Analysis

Given the exploratory nature of this study, no formal sam-
ple size estimation was performed. However, a sample size 
of 84 subjects (10 subjects in Cohorts 1 and 2; 16 subjects 
in Cohorts 3–6) was considered adequate. The number of 
subjects experiencing AEs and the number of AEs were 
summarized by dose and ethnic group. Safety data, includ-
ing laboratory tests, vital signs, and 12-lead ECG results, 
were summarized by dose and ethnic group using descriptive 

statistics for the actual value and for a mean change from 
baseline at each time point. The PK and PD parameters were 
summarized by dose and ethnic group using descriptive sta-
tistics. Within each ethnic group, dose proportionality of the 
PK parameters was evaluated using a power model, where 
log-transformed AUC last, AUC ∞, and Cmax were regressed, 
respectively, with log-transformed dose. If the two‐sided 
95% confidence interval (CI) for the slope included 1, dose 
proportionality for the corresponding PK parameter was 
concluded [14]. A p value <0.05 was considered statistically 
significant. For PK/PD analysis, the relationship between 
serum concentrations of eflapegrastim (or pegfilgrastim) 
and ANC and  CD34+ cell count, respectively, was evalu-
ated using SAS PROC REG (version 9.1; SAS Institute Inc, 
Cary, NC, USA).

3  Results

3.1  Subjects

Of 84 subjects enrolled, 36 Japanese and 48 Caucasian 
subjects participated in the study and a total of 78 subjects 

Fig. 1  Subject disposition. A total of 36 Japanese and 48 Caucasian subjects randomly received a single subcutaneous administration of eflape-
grastim, pegfilgrastim, or placebo in a ratio of 6:2:2 (Cohorts 1 and 2) or 12:2:2 (Cohorts 3–6)
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Fig. 2  Mean serum concentration-time profiles of eflapegrastim and pegfilgrastim after a single subcutaneous administration in Japanese and 
Caucasian subjects. Concentrations are shown in the log scale. The error bars represent the standard deviations

tachycardia reported in the 270 µg/kg eflapegrastim dose 
group. Likewise, no serious or severe AEs were seen. Most 
of the AEs were considered mild in intensity (seven AEs 
were moderate, data not shown) and all were resolved by 
the end of the study. A total of 56 (66.7%) subjects reported 
one or more treatment-emergent AEs (TEAEs), of which 
30, 11, and 3 were considered related to eflapegrastim, peg-
filgrastim, and placebo, respectively (Table 2). The three 
higher doses of eflapegrastim (i.e., 45, 135, and 270 µg/kg) 
and pegfilgrastim were associated with a greater frequency 
of TEAEs related to study medication than the three lower 
doses of eflapegrastim (i.e., 1.1, 3.3, and 10 µg/kg) (Table 2). 
The most common TEAEs after eflapegrastim, particularly 
at the three higher doses, were bone pain, headache, and 
back pain, which were also frequently seen in the pegfil-
grastim dose group. Overall, the safety profiles of eflape-
grastim and pegfilgrastim were comparable between Japa-
nese and Caucasian subjects (54.2 vs. 47.2%, drug-related 
AEs) (Table 2). No subject was positive for the treatment-
induced formation of ADA. G-CSF neutralizing antibodies 
were also negative in all of the subjects.

completed the study, with six withdrawals (4 and 1 Japanese 
subjects and 1 Caucasian subject, due to protocol violation, 
consent withdrawn, and travel abroad, respectively) (Fig. 1). 
The proportion of male and female subjects was equally bal-
anced in each dose group (Table 1). The mean age, height, 
weight, and BMI were similar across the dose groups. 
The Japanese and Caucasian subjects had a mean (stand-
ard deviation [SD]) age of 29.3 (5.2) years and 29.8 (6.5), 
respectively (Table 1). Japanese subjects weighed lighter 
and had a lower BMI than Caucasian subjects, with a mean 
(SD) weight of 61.2 (11.1) and 72.6 (14.0) kg and a mean 
(SD) BMI of 22.0 (2.7) and 24.1 (3.1) kg/m2, respectively 
(p <0.005) (Table 1). Other baseline laboratory test results 
were in the normal range and were comparable between eth-
nic groups (Table 1). 

3.2  Safety, Tolerability, and Immunogenicity

A single subcutaneous dose of eflapegrastim 1.1–270 µg/
kg was safe and generally well tolerated in both Japanese 
and Caucasian subjects. No clinically significant abnormali-
ties were observed in physical examination, laboratory tests, 
12-lead ECG, or vital signs, except for one case of mild 
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3.3  Pharmacokinetics

Reliable serum concentrations, over the range of 3.13–200 
ng/mL, were obtained in the three higher eflapegrastim dose 
groups (i.e., 45, 135, and 270 µg/kg), while most of the con-
centrations in the three lower eflapegrastim dose groups (i.e., 
1.1, 3.3, and 10 µg/kg) were below the LLOQ. Therefore, 
PK assessments were performed in the 45, 135, and 270 µg/
kg dose groups.

After a single subcutaneous administration, eflapegrastim 
was slowly but steadily absorbed, reaching the peak concen-
tration at 6–30 h postdose (Fig. 2, Table 3). Eflapegrastim 
was eliminated following a mono-exponential decrease 
pattern up to 24 h postdose in the 45 µg/kg dose group, 
with a  t½ of 5–7 h, whereas a bi-exponential decline up to 
144 h postdose was more apparent in the 135 and 270 µg/
kg dose groups, with a t½ of 13–20 h (Fig. 2). The Cmax of 
eflapegrastim increased dose proportionally over a range of 
45–270 µg/kg, i.e., the estimated slope in the power model 
was close to 1 (0.90, 95% CI 0.64–1.17). Likewise, the AUC 
last of eflapegrastim increased in a dose-proportional manner 
(0.84, 95% CI 0.39–1.29), whereas AUC ∞ showed a dose-
dependent increase slightly more than proportional (1.67, 
95% CI 1.17–2.17). Pegfilgrastim 6 mg after a single sub-
cutaneous administration reached the peak concentration at 
30 h postdose and was eliminated, with a t½ of 30 h (Fig. 2, 

Table 3). Overall, serum concentration-time profiles and PK 
parameters of eflapegrastim and pegfilgrastim were compa-
rable between Japanese and Caucasian subjects across dose 
groups (Fig. 2, Table 3). 

3.4  Pharmacodynamics

The  AUEClast of ANC after eflapegrastim 45, 135, and 270 
µg/kg showed a clear dose-dependent effect. The mean 
ANC-time profiles of eflapegrastim 45, 135, and 270 µg/kg 
and pegfilgrastim 6 mg in Japanese and Caucasian subjects 
are presented (Fig. 3). The median time to reach  ANCmax of 
eflapegrastim 45, 135, and 270 µg/kg was 20.0, 48.0, and 
74.2 h in Japanese subjects and 36.0, 42.1, and 74.0 h in 
Caucasian subjects, respectively (Table 4). The  AUEClast 
of ANC and  ANCmax of eflapegrastim increased as the dose 
increased in both ethnic groups (Table 4). The increase 
in ANC by eflapegrastim 45 and 135 µg/kg was similar 
between Japanese and Caucasian subjects, with the greater 
increase shown in Caucasian subjects at a dose of 270 µg/
kg (Fig. 3, Table 4). The median time to reach the  ANCmax 
of pegfilgrastim 6 mg was 73.5 and 48.0 h in Japanese and 
Caucasian subjects, respectively (Table 4). The increase in 
ANC by pegfilgrastim 6 mg was greater in Japanese subjects 
compared with Caucasian subjects (Fig. 3, Table 4).

Table 3  Pharmacokinetic parameters of eflapegrastim and pegfilgrastim in Japanese and Caucasian subjects

Data are expressed as arithmetic mean ± standard deviation, except for Tmax, which is expressed as median (minimum–maximum)
a Because of the limited number of samples available for the eflapegrastim profile, data were only estimable for five of six subjects
b Because of the limited number of samples available for the eflapegrastim profile, data were only estimable for four of six subjects
c Because of the limited number of samples available for the eflapegrastim profile, data were only estimable for one of six subjects
d CL normalized based on 70 kg adult body weight
AUC last area under the serum concentration-time curve from time zero to the last observed concentration, AUC 48 area under the serum concen-
tration-time curve from time zero to 48 h, AUC ∞ area under the serum concentration-time curve from time zero to the infinity, Cmax maximum 
serum concentration at steady state, CL total serum clearance, t½ terminal elimination half‐life, Tmax time to reach the maximum serum concen-
tration

Treatment Eflapegrastim, μg/kg Pegfilgrastim, mg

Dose 45 135 270 6

Subjects Japanese Caucasian Japanese Caucasian Japanese Caucasian Japanese Caucasian

[n = 6] [n = 6] [n = 6] [n = 6] [n = 6] [n = 6] [n = 4] [n = 8]

Cmax 
(μg/L)

23.4 ± 30.0a 55.7 ± 33.8a 181.4 ± 139.6 152.5 ± 47.8 763.0 ± 429.9 989.8 ± 280.6 137.5 ± 65.5 84.2 ± 70.6

Tmax (h) 6.0 [4.0–8.0]a 6.0 [4.0–12.0]a 8.0 [4.0–16.0] 12.0 [12.0–24.0] 26.0 [12.0–48.0] 30.0 [6.0–36.0] 30.0 [16.0–36.0] 30.0 [12.0–48.0]
AUC last 

(μg∙h/L)
266.8 ± 350.2a 873.4 ± 954.8a 3415.5 ± 2452.2 3318.3 ± 924.0 25,822.5 ± 16,785.5 36,275.7 ± 18908.6 6185.8 ± 1953.8 4282.3 ± 3172.0

AUC 48 
(μg∙h/L)

893.9c 1196.2 ± 885.9b 3930.0 ± 1642.7a 3502.7 ± 881.5a 21,168.8 ± 13,567.5 31,466.2 ± 15455.0 4315.5 ± 1960.7 2873.2 ± 2681.5

AUC ∞ 
(μg∙h/L)

895.8c 1227.7 ± 939.3b 4429.1 ± 2236.3a 3831.3 ± 527.5a 27,128.6 ± 18,411.1a 39,974.6 ± 20378.7a 6643.5 ± 2014.4 4527.6 ± 3221.9

t½ (h) 5.25c 6.7 ± 1.6b 20.4 ± 22.3a 12.9 ± 8.7a 19.1 ± 14.6a 16.6 ± 11.0a 33.6 ± 7.9 27.1 ± 9.2
CL (L/h/

kg)
0.050c 0.050 ± 0.024b 0.037 ± 0.018a 0.036 ± 0.005a 0.023 ± 0.031a 0.012 ± 0.015a 0.014 ± 0.006d 0.028 ± 0.020d
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Similar to ANC, the  AUEClast of  CD34+ cell count 
after eflapegrastim 45, 135, and 270 µg/kg showed a clear 
dose-dependent effect. The mean  CD34+ cell count-time 
profiles of eflapegrastim 45, 135, and 270 µg/kg and peg-
filgrastim 6 mg in Japanese and Caucasian subjects are pre-
sented (Fig. 4). The median time to reach the  CD34+

max of 
eflapegrastim 45–270 µg/kg was 74.7–97.6 h in Japanese 
subjects and 97.4–98.1 h in Caucasian subjects (Table 4). 
The  AUEClast of  CD34+ cell count and  CD34+

max of eflape-
grastim increased as the dose increased in both ethnic groups 
(Fig. 4). The increase in  CD34+ cell count by eflapegrastim 
45 and 135 µg/kg was similar between Japanese and Cauca-
sian subjects, with the greater increase shown in Caucasian 
subjects at a dose of 270 µg/kg (Fig. 4, Table 4). The median 
time to reach the  CD34+

max of pegfilgrastim 6 mg was 98.2 
and 97.8 h in Japanese and Caucasian subjects, respectively 
(Table 4). The increase in  CD34+ cell count by pegfilgrastim 
6 mg was greater in Caucasian subjects compared with Japa-
nese subjects (Fig. 4, Table 4).

The systemic exposure to eflapegrastim, as assessed by 
AUC last, was significantly associated with  AUEClast of both 

ANC and  CD34+ cell count in Japanese and Caucasian sub-
jects (p <0.005) [Fig. 5].

4  Discussion

In this phase I study, a single subcutaneous dose of eflape-
grastim  (Rolontis®) 1.1–270 μg/kg was safe and well toler-
ated in healthy Japanese and Caucasian subjects. In both 
ethnic groups, eflapegrastim 45–135 μg/kg showed a dose-
dependent increase in ANC and  CD34+ cell count.

All TEAEs after eflapegrastim were transient and had 
recovered spontaneously or with medication for TEAEs 
without any eflapegrastim-related TEAEs, leading to study 
discontinuation. The most frequent drug‐related TEAEs 
(in ≥20% of patients) in the eflapegrastim groups included 
bone pain and headache, commonly observed in previous 
studies with other G-CSF treatments such as filgrastim and 
pegfilgrastim [10, 15–19]. No clinically significant abnor-
malities were noted after eflapegrastim administration in the 
physical examination, laboratory tests, 12-lead ECG, vital 
signs, or local tolerability. No neutralizing antibodies against 

Fig. 3  Mean change from baseline in absolute neutrophil count over 
time after a single subcutaneous administration of eflapegrastim and 
pegfilgrastim in Japanese and Caucasian subjects. Baseline was the 

last nonmissing assessment prior to dosing. The error bars denote the 
standard deviations. ANC absolute neutrophil count
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eflapegrastim or G-CSF were detected in either Japanese or 
Caucasian subjects. The presence of ADA for eflapegrastim 
was similar to observations from previous studies with peg-
filgrastim [20–22].

The exposure to eflapegrastim increased in a greater than 
dose-proportional manner, most likely because the clearance 
was decreased as the dose was increased [10]. The nonlinear 
PK of eflapegrastim shown in the present study were con-
sistent with those previously reported for G-CSF PK char-
acteristics [23–25], which were attributed to the saturated 
receptor binding on neutrophils. The primary elimination 
pathways for G-CSF are renal clearance and neutrophil-
mediated clearance. While filgrastim is primarily eliminated 
via both renal and neutrophil-mediated pathways, pegyla-
tion of filgrastim makes the molecule too large to be renally 
eliminated, leaving neutrophil-mediated clearance dominant 
[26, 27]. The Fc fragment of eflapegrastim may also render 
renal clearance negligible.

Eflapegrastim serum concentrations were maintained 
until the production of neutrophils and neutrophil precur-
sors increased, at which point they began to decline rapidly 
as ANC recovered, consistent with a neutrophil-mediated 

clearance mechanism. In addition, because the clearance of 
eflapegrastim is self-regulated by neutrophils, which changes 
according to the neutrophil recovery, a single dose of eflape-
grastim or pegfilgrastim is needed once per chemotherapy 
cycle in contrast to daily injections required for filgrastim.

Overall, the safety profile was similar between eflape-
grastim and pegfilgrastim. The most common AE associ-
ated with G-CSF administration was bone pain [16–19], 
particularly after eflapegrastim 135–270 μg/kg (n = 10, 
41.6%), while it was reported to be lower for pegfilgrastim 
6 mg (n = 4, 33.3%) [Table 2]. The increase in ANC and 
 CD34+ cell count after eflapegrastim 135–270 μg/kg was 
also comparable with that after pegfilgrastim 6 mg (Figs. 3 
and 4). The exposure to eflapegrastim 135 μg/kg was similar 
or slightly lower than that of pegfilgrastim 6 mg, yet eflape-
grastim 135 μg/kg reached the peak concentration faster than 
pegfilgrastim 6 mg (8–12 h vs. 30 h) (Table 3). Collectively, 
eflapegrastim 135–270 μg/kg and pegfilgrastim 6 mg exerted 
comparable PK and PD effects.

One strength of this study was the investigation of eth-
nic sensitivity for eflapegrastim between Japanese and 
Caucasian subjects. The safety and tolerability profiles of 

Fig. 4  Mean change from baseline in CD34-positive cell count over 
time after a single subcutaneous administration of eflapegrastim and 
pegfilgrastim in Japanese and Caucasian subjects. Baseline was the 

last nonmissing assessment prior to dosing. The error bars denote the 
standard deviations. CD34+ CD34-positive cell count
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eflapegrastim were comparable between Japanese and Cau-
casian subjects. Similarly, no significant ethnic difference 
was observed in the PK/PD profiles of eflapegrastim. The 
exposure level at 270 μg/kg eflapegrastim with ANC or 
 CD34+ cell count tended to be slightly higher in Caucasian 
subjects than in Japanese subjects (Figs. 2, 3, 4); however, 
the small number of subjects enrolled in each ethnic group 
(n = 6) may have contributed to this discrepancy in eflape-
grastim dose responses.

Another phase I study evaluated the PK and PD profiles 
of a single subcutaneous administration of eflapegrastim 5, 
15, 45, 135, or 350 μg/kg in healthy Koreans [10]. Compa-
rable PK and PD profiles were noted between Japanese and 
Caucasian subjects in the present study and Korean subjects 
in the other study. In particular,  AUEClast of ANC in Kore-
ans after eflapegrastim 135 ug/kg was 6230.2 K·h/µL [10], 
comparable with 6920.5 and 6547.9 K·h/µL seen in Japanese 
and Caucasian subjects in the present study. The lack of eth-
nic differences in the PK/PD profiles of eflapegrastim may 
suggest no dose adjustment is required for different ethnic 
groups. Ethnic sensitivity assessment among these three eth-
nic groups is ongoing for the dose justification as published 

in the ICH E5 (Ethnic Factors in the Acceptance of Foreign 
Clinical Data); evaluation of diverse ethnic groups, particu-
larly in the early phase of drug development, is critical to a 
global drug development program.

This study had several limitations. First, the study was 
performed in healthy subjects. The effect of eflapegrastim 
to prevent chemotherapy-induced neutropenia can be more 
accurately evaluated in cancer patients. However, given the 
mechanism of G-CSF, the increase in ANC and  CD34+ cell 
count by eflapegrastim seen in the present study with healthy 
subjects is likely to be repeated in cancer patients suffering 
from chemotherapy-induced febrile neutropenia. Second, 
we enrolled only a small number of subjects in each dose 
group, given the exploratory nature of this phase I clinical 
study. However, further phase II [28] and phase III studies 
with eflapegrastim, i.e., ADVANCE [29] and RECOVER 
[11], investigated the efficacy and safety of eflapegrastim in 
patients with early-stage breast cancer for the prevention of 
chemotherapy-induced neutropenia.

Fig. 5  Pharmacokinetic and pharmacodynamic relationship of eflape-
grastim: a ln(AUC last) vs. ln(AUEClast of ANC) and b ln(AUC last) vs. 
ln  (AUEClast of  CD34+). ANC absolute neutrophil count, AUC last area 

under the serum concentration-time curve from time zero to the last 
observed concentration, AUEClast area under the effect-time curve, 
CD34+ CD34-positive cell count
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5  Conclusion

Eflapegrastim  (Rolontis®), a novel long‐acting G‐CSF, was 
safe and well tolerated after a single subcutaneous adminis-
tration at 1.1–270 μg/kg in healthy Japanese and Caucasian 
subjects. In both ethnic groups, eflapegrastim showed dose-
dependent PK and the systemic exposure to eflapegrastim 
was positively correlated with ANC and  CD34+ cell count. 
The PK/PD profiles were comparable between Japanese and 
Caucasian subjects administered eflapegrastim 45–135 μg/
kg, suggesting that different dosage regimens based on eth-
nicity are unlikely required for eflapegrastim, at least up to 
135 μg/kg. The ethnicity sensitivity assessment of eflape-
grastim among Korean, Japanese, and Caucasian subjects is 
in progress to further justify the dose adjustment of eflape-
grastim for various ethnic groups.
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