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Abstract
Purpose  Pegfilgrastim is a long-acting granulocyte colony-stimulating factor indicated for prevention of febrile neutropenia 
in patients receiving myelosuppressive chemotherapy by promoting neutrophil recovery.
Methods  This phase 1, randomized, double-blind, three-way crossover trial in healthy volunteers evaluated the pharma-
cokinetics (PK), pharmacodynamics (PD), safety, and tolerability of the proposed biosimilar, comparing MYL-1401H, 
reference pegfilgrastim (Neulasta®, Amgen Inc, Thousand Oaks, CA, USA) sourced from the European Union, and reference 
pegfilgrastim sourced from the USA. Primary PK end points were peak plasma concentration of pegfilgrastim (Cmax) and 
area under the plasma concentration–time curve from the time of dosing to infinity (AUC​0−inf). Primary PD end points were 
area under the curve above baseline for absolute neutrophil counts (ANC AUC​0−t) and maximum change from baseline for 
ANC (ANC Cmax). Adverse events were also recorded.
Results  The primary PK and PD end points were similar across all groups. For the PK parameters, the 90% confidence inter-
vals (CIs) of the ratios of geometric means ranged between 0.91 and 1.18, which were within the predefined bioequivalence 
interval of 0.8000 to 1.2500 for all comparisons. For the PD parameters, the 95% CIs of the ratios of geometric means ranged 
between 0.94 and 1.06 for all comparisons, which were within the predefined PD equivalence interval of 0.8500 to 1.1765. 
The safety profiles were similar, with the most common adverse events being back pain and headache.
Conclusions  MYL-1401H demonstrated similar PK, PD, and safety to reference pegfilgrastim in healthy volunteers and may 
be an equivalent option for the prevention of febrile neutropenia.
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Introduction

The prevention of chemotherapy-induced neutropenia can 
reduce infections, decrease mortality, and prevent reductions 
and delays in chemotherapy doses (Kuderer 2011; Dale 2002). 
Clinically, filgrastim and its long-acting pegylated analog, peg-
filgrastim, are used for the prevention of febrile neutropenia 
(FN) in patients receiving myelosuppressive chemotherapy 
(Neulasta 2016; Neupogen 2016). Filgrastim and pegfil-
grastim are recombinant granulocyte colony-stimulating fac-
tors (G-CSFs) that act in the same manner as the endogenous 
G-CSF protein to stimulate the production of neutrophils 
(Neulasta 2016; Neupogen 2016). Recombinant G-CSFs have 
been used clinically for more than 25 years, and a significant 
amount of evidence demonstrates the long-term safety, effi-
cacy, and value of these products.

As many biologics begin to lose patent protection, the 
development of biosimilars may serve to improve access to 
reliable treatments such as G-CSFs (Mellstedt et al. 2008; 
Blackstone and Joseph 2013). Filgrastim was among the first 
drugs to have biosimilar versions approved by the European 
Medicines Agency (EMA; in 2008) and the US Food and Drug 
Administration (FDA; in 2015) (Raedler 2016; Minghetti et al. 
2012). Randomized controlled clinical studies demonstrated 
that biosimilar filgrastim has comparable efficacy and safety 
to originator filgrastim (Blackwell et al. 2015; del Giglio et al. 
2008; Gascon et al. 2010; Waller et al. 2010b). Accordingly, 
guidelines from major medical organizations indicate that 
filgrastim biosimilars are an effective option for the primary 
prophylaxis of FN in patients receiving myelosuppressive 
chemotherapy (Smith et al. 2015; Aapro et al. 2011).

Filgrastim needs to be administered daily for several days 
after each chemotherapy cycle. Pegfilgrastim, however, is a 
longer-acting pegylated analog that only requires administra-
tion once per chemotherapy cycle, with more than 15 days 
between administrations (Neulasta 2016; Smith et al. 2015; 
Green et al. 2003; Holmes et al. 2002a, b). Although signifi-
cant efforts are being made to develop pegfilgrastim biosimi-
lars (Harbeck et al. 2016; Park et al. 2013), neither the EMA 
nor the FDA have currently approved biosimilar versions 
of pegfilgrastim. Here, we present preclinical data demon-
strating the analytical similarity of the proposed biosimilar, 
MYL-1401H, and reference pegfilgrastim as well as data from 
a phase 1 trial evaluating the pharmacokinetic (PK) and phar-
macodynamic (PD) equivalence of MYL-1401H and reference 
pegfilgrastim.

Materials and methods

Preclinical characterization

To compare the biological activity of MYL-1401H with 
that of originator pegfilgrastim (Neulasta®, Amgen Inc, 
Thousand Oaks, CA, USA) sourced from the European 
Union (EU-reference pegfilgrastim) and from the USA 
(US-reference pegfilgrastim), a cell proliferation assay 
using a murine myelogenous leukemia cell line [M-NFS-
60 (ATCC​® CRL-1838™) purchased from the American 
Type Culture Collection (Manassas, VA, USA)] was used. 
The in vitro assay compared the relative ability of MYL-
1401H, EU-reference pegfilgrastim, and US-reference 
pegfilgrastim to induce proliferation of the cell line. The 
bioactivity data were reported as relative potency to the 
internal reference standard, calibrated against an inter-
national reference standard. Additionally, the binding 
affinities of MYL-1401H, EU-reference pegfilgrastim, and 
US-reference pegfilgrastim with the G-CSF receptor were 
evaluated by surface plasmon resonance (SPR).

Study design

This phase 1, randomized, double-blind, three-way crosso-
ver trial in healthy volunteers evaluated the PK, PD, safety, 
and tolerability of MYL-1401H compared with those of 
EU-reference and US-reference pegfilgrastim. The primary 
objective of this study was to compare the PK and PD 
of MYL-1401H with reference pegfilgrastim. It was esti-
mated that with 180 evaluable subjects, the study would 
have a combined power of over 90% to establish PK and 
PD equivalence for each of the three pairwise compari-
sons. The sample size calculation was based on intrasu-
bject variability from a pilot study [area under the curve 
above baseline for absolute neutrophil count (ANC AUC​
0−t), 14%; pegylated G-CSF (PEG-G-CSF) area under the 
plasma concentration–time curve from the time of dos-
ing to infinity (AUC​0−inf), 36%; PEG-G-CSF peak plasma 
concentration (Cmax), 50%] and the assumption that ANC 
AUC​0−t, PEG-G-CSF AUC​0−inf, and PEG-G-CSF Cmax met 
predefined criteria for equivalence.

The study was conducted at a single site (PRA Health 
Sciences, Groningen, The Netherlands). Male and female 
subjects were screened for eligibility in the trial within 3 
weeks before the first administration of the study drug. 
Subjects were eligible if they were 18–65 years of age 
and deemed healthy as determined by clinical screening. 
Subjects were excluded if they had a history of medical 
conditions that would potentially increase risks or could 
affect the evaluation of study results, including evidence 
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of clinically relevant pathology (e.g., sickle cell disorders, 
hematologic malignancies) and history of relevant drug or 
food allergies. Subjects were also excluded if they had any 
previous exposure to any G-CSF product.

This was the first in-human study conducted with MYL-
1401H, so no human safety data were available before the 
start of the study. MYL-1401H was not expected to pose a 
significant safety risk based on the known pharmacologic 
mechanism of action and results from nonclinical studies 
comparing MYL-1401H with reference pegfilgrastim in rats. 
Additionally, based on the content and purity of the drug, 
physicochemical similarity, and functional comparability 
demonstrated during characterization studies, the safety 
profiles of MYL-1401H and reference pegfilgrastim were 
expected to be similar. A 2-mg dose was used in this study, 
which is less than the clinical dose of reference pegfilgrastim 
(6 mg), but is on the steep part of the dose–response curve 
for the PD parameters and more sensitive than a 6-mg dose 
for detecting differences in PD between MYL-1401H and 
reference pegfilgrastim. This dose was initially evaluated 
in one sentinel subcohort of six subjects, with two subjects 
receiving 2 mg of MYL-1401H, two subjects receiving 2 mg 
of EU-reference pegfilgrastim, and two subjects receiving 
2 mg of US-reference pegfilgrastim. No safety concerns 
were identified in the sentinel group; thus, the remaining 
subjects were enrolled and dosed.

After randomization to one of six treatment sequences, 
subjects were administered MYL-1401H or one of the two 
reference pegfilgrastim products in period 1. In the two 
crossover periods, subjects were given alternative thera-
pies (Fig. 1). Subjects received a single 2-mg subcutane-
ous injection of each drug followed by a washout period of 
4 weeks. Subjects were in the clinic for all three treatment 
periods, beginning 2 days before drug administration and 

remaining in the clinical research center for approximately 
96 h after each drug administration.

PK/PD analyses

Blood samples (2.5 mL) were collected for PK/PD analy-
ses immediately before dose administration (0 h) and at 
2, 4, 6, 8, 10, 12, 16, 20, 24, 48, 72, 96, 120, 144, 168, 
192, 264, 336, and 504 h after administration. The pri-
mary PK end points were pegfilgrastim Cmax and AUC​
0−inf. Other key PK end points included AUC​0−t, the time 
of maximum serum concentration (tmax), terminal elimi-
nation rate constant (kel), apparent terminal elimination 
half-life (t1/2), and apparent volume of distribution (Vd/F). 
Analyses were performed on the PK parameters using the 
general linear model analyses of variance (GLM ANOVA). 
The bioequivalence criterion was that the 90% confidence 
intervals (CIs) of least squares mean ratios of Cmax and 
AUC​0−inf were bounded within 0.8000 to 1.2500 for the 
natural log-transformed data.

The primary PD end points were ANC AUC​0−t and 
maximum change from baseline for ANC (ANC Cmax). 
Other key PD end points included area under the curve 
above baseline for CD34+ cell counts (CD34+ AUC​0−t), 
the time of maximum change from baseline for ANC and 
CD34+ cell counts (ANC tmax and CD34+ tmax, respec-
tively), and maximum change from baseline for CD34+ 
cell counts (CD34+ Cmax). Pharmacodynamic parameters 
were calculated using nonparametric techniques. Statisti-
cal analyses were performed using GLM ANOVA. The PD 
equivalence criterion was that the 95% CI of least squares 
mean ratios of ANC AUC​0−t and ANC Cmax were bounded 
within 0.8500 to 1.1765 for the natural log-transformed 
data.
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Fig. 1   Study design. Patients were administered a single 2-mg SC 
dose of MYL-1401H, EU-reference pegfilgrastim, or US-reference 
pegfilgrastim during the first treatment period. Each of the other 

drugs was administered in the following crossover periods after a 
washout of 4 weeks. SC subcutaneous, XO crossover
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Safety and tolerability analyses

Safety and tolerability assessments included adverse events 
(AEs), clinical laboratory parameters, vital signs, 12-lead 
electrocardiograms (ECGs), local tolerability, and physi-
cal examination. The safety set included all subjects who 
received at least one dose of the study medication. All AEs 
between signing of informed consent and completion of the 
follow-up visit were recorded. Any clinically significant 
observations that were made on clinical laboratory param-
eters, 12-lead ECGs, vital signs, local tolerability, or physi-
cal examinations were recorded as AEs. Adverse events 
were graded for severity using the National Cancer Institute 
(NCI) Common Terminology Criteria for Adverse Events 
(CTCAE) version 4.03.

For immunogenicity measurements, two blood samples 
(5 mL each) were collected at baseline, on days 7–9 of 
each treatment period, and at follow-up. Antidrug antibody 
(ADA) analysis was conducted using a validated, sensitive, 
and specific analytical method on the MesoScale Discovery® 
Platform (Rockville, MD, USA). Positive samples were 
validated using a confirmatory assay that tested antibodies 
against MYL-1401H, EU-reference pegfilgrastim, and US-
reference pegfilgrastim. Samples confirmed as positive for 
ADA were further tested for the presence of neutralizing 
antibodies (NAb) using a validated cell-based assay (Cirion 
BioPharma Research Inc., Laval, QC, Canada). Because 
immunogenicity data from the second and third treatment 
periods are confounded with earlier treatments, only immu-
nogenicity data from the first treatment period are presented.

Ethical approval

This study was approved by the independent ethics com-
mittee of the Evaluation of Ethics in Biomedical Research 
Foundation (Assen, The Netherlands) and conducted in 
accordance with the ethical principles of the Declaration 
of Helsinki and in compliance with the International Con-
ference on Harmonisation E6 Guideline for Good Clinical 
Practice and the European Union Clinical Trial Directive. 
All patients provided written informed consent before any 
study-related procedures were started.

Results

Preclinical characterization

MYL-1401H showed high similarity to EU-reference pegfil-
grastim and US-reference pegfilgrastim lots in the potency 
assay (Fig. 2). Similarly, the relative potency of EU-ref-
erence pegfilgrastim was equivalent to US-reference peg-
filgrastim. Additionally, the equilibrium dissociation con-
stants (KD) of MYL-1401H, EU-reference pegfilgrastim, 
and US-reference pegfilgrastim to the G-CSF receptor, as 
evaluated by SPR, were highly similar. Binding constants 
for all MYL-1401H lots fell within the quality range (QR) of 
EU-reference pegfilgrastim and US-reference pegfilgrastim 
lots. Overall, these data suggest a high degree of similarity 
between MYL-1401H, EU-reference pegfilgrastim, and US-
reference pegfilgrastim.
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Fig. 2   a Scatter plot of the relative potency for various lots of MYL-
1401H, EU-reference pegfilgrastim, and US-reference pegfilgrastim. 
b Scatter plot for the equilibrium dissociation constant (KD) of 
G-CSF receptor binding with MYL-1401H, EU-reference pegfil-
grastim, and US-reference pegfilgrastim. The lines represent the 

ranges from the observed data for the EU-reference pegfilgrastim 
(dark gray) lots and US-reference pegfilgrastim (light gray) lots. 
G-CSF granulocyte colony-stimulating factor, KD equilibrium disso-
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Patient disposition and baseline characteristics

A total of 372 subjects were screened, 216 of whom were 
enrolled in the study (Online Resource 1). All 216 subjects 
who were enrolled received at least one dose of pegfilgrastim 
and were included in the safety set. Of these, 208 subjects 
were administered at least two of the three doses of pegfil-
grastim and were included in the PK and PD analysis sets. 
Over the course of the entire study, 20 subjects discontinued 
because of protocol violation (n = 8), withdrawal of consent 
(n = 8), AEs (n = 3), or missing too many visits because 
of illness that was considered unrelated to the study drug 
(n = 1).

More male (n = 170) than female (n = 46) subjects par-
ticipated in the study (Online Resource 2). The median age 
was 33 years, and the median body mass index was 24.4 kg/

m2. Baseline characteristics were similar in the safety and 
PK/PD analysis sets and across all six treatment sequences 
(Online Resource 3).

Pharmacokinetics

The shape of the serum concentration–time profile for peg-
filgrastim was similar across all three treatments (Fig. 3a). 
The mean [coefficient of variation (%CV)] Cmax of pegfil-
grastim was 36.7 pg/mL (72.1), 34.2 pg/mL (72.1), and 
37.3 pg/mL (67.6) in the MYL-1401H, EU-reference peg-
filgrastim, and US-reference pegfilgrastim groups, respec-
tively (Table 1). The mean (%CV) AUC​0−inf was 869 h·ng/
mL (69.1), 833 h·ng/mL (70.1), and 876 h·ng/mL (66.3) in 
the MYL-1401H, EU-reference pegfilgrastim, and US-ref-
erence pegfilgrastim groups, respectively. When comparing 

Fig. 3   a Mean serum pegfil-
grastim concentration versus 
time profile (PK analysis set). 
b ANC versus time profile (PD 
analysis set). ANC absolute neu-
trophil count, PD pharmacody-
namic, PEG-G-CSF pegylated 
granulocyte colony-stimulating 
factor, PK pharmacokinetic
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Table 1   Summary of the pharmacokinetic parameters for pegfilgrastim in serum (PK analysis set)

AUC​0−inf area under the curve from the time of dosing to infinity, AUC​0−t area under the curve from time 0 to time of last quantifiable concentra-
tion, CI confidence interval, Cmax observed maximum serum concentration, %CV coefficient of variation, kel terminal elimination rate constant, 
LS least squares, PK pharmacokinetic, t1/2 terminal elimination half-life, tmax time of maximum serum concentration, Vd/F volume of distribution

Parameter MYL-1401H 
(N = 204)

EU-reference 
(N = 203)

US-reference 
(N = 207)

MYL-1401H/EU-reference MYL-1401H/US-refer-
ence

LS mean ratio 90% CI LS mean ratio 90% CI

Primary pharmacokinetic end points
 Cmax (%CV), pg/

mL
36.7 (72.1) 34.2 (72.1) 37.3 (67.6) 1.07 0.98–1.16 0.99 0.91–1.07

 AUC​0−inf (%CV), 
h·ng/mL

869 (69.1) 833 (70.1) 876 (66.3) 1.04 0.98–1.11 1.00 0.94–1.07

Secondary pharmacokinetic end points
 AUC​0−t (%CV), 

h·ng/mL
827 (71.4) 787 (72.7) 832 (68.6) 1.05 0.98–1.13 1.00 0.93–1.07

 tmax, median 
(range), h

12.0 (6.0–24.0) 12.0 (6.0–48.0) 12.0 (4.0–24.0) – – – –

 kel (%CV), h−1 0.014 (31.0) 0.014 (39.1) 0.014 (40.1) 1.03 0.98–1.08 1.04 0.99–1.09
 t1/2 (%CV), h 49.3 (36.5) 51.1 (48.9) 51.0 (42.5) 0.97 0.93–1.02 0.97 0.92–1.01
 Vd/F (%CV), L 164 (100) 177 (101) 168 (113) 0.93 0.85–1.02 0.99 0.89–1.06



1092	 Journal of Cancer Research and Clinical Oncology (2018) 144:1087–1095

1 3

the primary PK end points across all three treatment groups, 
GLM ANOVA results showed that the 90% CIs of the ratios 
of geometric means for these PK parameters ranged between 
0.91 and 1.18, and were all contained within the predefined 
bioequivalence interval of 0.8000 to 1.2500 for each of the 
comparisons.

Secondary PK end points (i.e., AUC​0−t, tmax, kel, t1/2, and 
Vd/F) were also similar across all treatment groups. The least 
squares mean estimates and the corresponding 90% CIs of 
the geometric mean ratios were close to 1 for the secondary 
PK parameters AUC​0−t, kel, t1/2, and Vd/F of pegfilgrastim, 
with 90% CIs ranging between 0.85 and 1.13 for each treat-
ment group comparison. Across all three treatment groups, 
the intrasubject %CV was 44.7, 29.3, 29.3, and 57.2% for 
AUC​0−t, kel, t1/2, and Vd/F, respectively.

Pharmacodynamics

The primary PD parameters (i.e., ANC AUC​0−t and ANC 
Cmax) and overall ANC profiles were similar across all three 
treatment groups (Table 2; Fig. 3b). The geometric mean 
(%CV) ANC AUC​0−t was 2784.4 h·109/L (29.0), 2792.6 
h·109/L (30.7), and 2744.7 h·109/L (30.8) in the MYL-
1401H, EU-reference pegfilgrastim, and US-reference peg-
filgrastim groups, respectively. The geometric mean (%CV) 
ANC Cmax was 22.5 × 109/L (25.7), 22.7 × 109/L (25.9), and 
22.5 × 109/L (26.4) in the MYL-1401H, EU-reference peg-
filgrastim, and US-reference pegfilgrastim groups, respec-
tively. When comparing the primary PD end points across 
all three treatment groups, GLM ANOVA results showed 
that the 95% CIs of the ratios of geometric means for these 

PD parameters ranged between 0.94 and 1.06, and were all 
contained within the predefined PD equivalence interval of 
0.8500 to 1.1765 for each of the comparisons. Additionally, 
there were no meaningful differences in median ANC tmax, a 
secondary PD parameter, across all three treatment groups.

Safety

During the course of the study, 97% (210/216) of subjects 
in the safety set reported at least one treatment-emergent 
AE (TEAE). From a total of 1733 TEAEs, 1339 (77%) were 
of grade 1 intensity, 393 (23%) were of grade 2 intensity, 
and 1 (< 1%) was of grade 3 intensity. The total number of 
TEAEs and percentage of subjects reporting TEAEs were 
comparable across all three treatment groups (Table 3). 
Overall, the most frequently reported TEAEs were back 
pain (81%), headache (63%), pain in the extremity (36%), 
and nasopharyngitis (22%). Musculoskeletal complaints 
(e.g., back pain, headache, pain in the extremity) were 
likely manifestations of bone pain resulting from expansion 
of bone marrow. Three TEAEs led to subject withdrawal: 
appendicitis, which occurred after dosing with US-reference 
pegfilgrastim, and abnormal liver function test and arthropod 
bite, both of which occurred after dosing with EU-reference 
pegfilgrastim.

Subcutaneous injections were well tolerated and local 
reactions were minimal in all treatment groups. Mild 
injection site reactions were observed in seven subjects 
after administration of MYL-1401H, in four subjects after 
administration of EU-reference pegfilgrastim, and in three 
subjects after administration of US-reference pegfilgrastim. 

Table 2   Summary of PD parameters for ANC (PD analysis set)

ANC absolute neutrophil count, AUC​0−t area under the curve above baseline, CI confidence interval, Cmax maximum change from baseline for 
ANC, %CV coefficient of variation, LS least squares, PD pharmacodynamics, tmax time of maximum change from baseline for ANC

Parameter MYL-1401H 
(N = 204)

EU-reference 
(N = 203)

US-reference 
(N = 207)

MYL-1401H/EU-reference MYL-1401H/US-refer-
ence

LS mean ratio 95% CI LS mean ratio 95% CI

Primary pharmacodynamic end points
 ANC AUC​0−t 

(%CV), h·109/L
2784.4 (29.0) 2792.6 (30.7) 2744.7 (30.8) 1.00 0.96–1.05 1.02 0.97–1.06

 ANC Cmax (%CV), 
109/L

22.5 (25.7) 22.7 (25.9) 22.5 (26.4) 0.99 0.96–1.03 1.00 0.97–1.04

Secondary pharmacodynamic end points
 CD34+ AUC​0−t 

(%CV), h·cells/
µL

1652.3 (79.7) 1633.5 (81.0) 1598.4 (81.2) – – – –

 ANC tmax, median 
(range), h

48.0 (12.0–96.0) 48.0 (12.0–96.0) 24.1 (8.0–72.0) – – – –

 CD34+ tmax, 
median (range), h

96.0 (72.0–168.0) 96.0 (72.0–192.0) 96.0 (48.0–192.0) – – – –

 CD34+ Cmax 
(%CV), cells/µL

17.5 (76.5) 17.7 (77.0) 17.4 (77.1) – – – –
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One subject receiving MYL-1401H experienced a moderate 
injection site reaction.

The number of subjects with ADA was comparable 
among treatment groups. At baseline, 7% (16/216) of all 
subjects were confirmed positive for ADA. The proportion 
of subjects with treatment-emergent ADA (excluding those 
who were ADA positive at baseline) after the first treatment 
period was comparable among the MYL-1401H (14/63; 
22%), EU-reference pegfilgrastim (16/68; 24%), and US-ref-
erence pegfilgrastim groups (21/69; 30%; Online Resource 
4). Of the subjects who were NAb negative at baseline, two 
in the MYL-1401H group and one each in the EU-reference 
pegfilgrastim and US-reference pegfilgrastim groups were 
treatment-induced NAb positive during period 1. Of the two 
NAb-positive subjects in the MYL-1401H group, one was 
positive for PEG only and the other was positive for both 
PEG and G-CSF; both had very low titers of ADA (8–10 ng/
mL). The NAb-positive subject in the EU-reference pegfil-
grastim group was positive for both PEG and G-CSF. The 
NAb-positive subject in the US-reference pegfilgrastim 
group was positive for PEG only. The presence of NAb was 
not associated with any clinically relevant changes in ANC. 
Overall, there was no evidence of loss of efficacy or serious 

treatment-induced, immune-related AEs in the ADA- or 
NAb-positive subjects.

Discussion

Here, preclinical and clinical data demonstrate similarity 
of MYL-1401H with EU-reference pegfilgrastim and US-
reference pegfilgrastim. Overall, the results of this study 
are similar to those from other PK/PD studies of G-CSF 
products, including the proposed biosimilars (Harbeck et al. 
2016; Waller et al. 2010a; Buchner et al. 2014; Crobu et al. 
2014). The study met its primary PK and PD end points, 
demonstrating bioequivalence of MYL-1401H to EU-refer-
ence pegfilgrastim and US-reference pegfilgrastim in healthy 
volunteers. All products were generally well tolerated, with 
the majority of TEAEs being bone pain, the most common 
side effect of G-CSF products (Smith et al. 2015). Serious 
but rare side effects of G-CSF therapy (Neulasta 2016) such 
as splenomegaly, acute respiratory distress syndrome, capil-
lary leak syndrome, and severe allergic reactions were not 
observed in this study. No significant safety concerns and no 
relevant differences in safety or tolerability were observed 
among the treatments. It should be noted that this study was 

Table 3   Summary of TEAEs by 
treatment (safety analysis set)

AE adverse event, SAE serious AE, TEAE treatment-emergent AE
a Across all treatment periods

MYL-1401H 
(N = 207)

EU-reference 
(N = 208)

US-reference 
(N = 207)

Total (N = 216)a

Subjects with ≥ 1 TEAE, n (%) 177 (86) 182 (88) 181 (87) 210 (97)
Grade 1 158 (76) 172 (83) 166 (80) 204 (94)
Grade 2 86 (42) 92 (44) 84 (41) 147 (68)
Grade 3 0 (0) 0 (0) 1 (0.5) 1 (0.5)
Subjects with ≥ 1 SAE, n (%) 0 (0) 0 (0) 1 (0.5) 1 (0.5)
Withdrawals due to AEs, n (%) 0 (0) 2 (1) 1 (0.5) 3 (1)
Most commonly reported TEAEs (≥ 5% of subjects in any group), n (%)
 Back pain 123 (59) 126 (61) 113 (55) 176 (81)
 Headache 82 (40) 85 (41) 81 (39) 136 (63)
 Pain in extremity 40 (19) 38 (18) 35 (17) 77 (36)
 Nasopharyngitis 24 (12) 21 (10) 21 (10) 47 (22)
 Neck pain 18 (9) 12 (6) 18 (9) 39 (18)
 Musculoskeletal pain 11 (5) 6 (3) 6 (3) 20 (9)
 Arthralgia 10 (5) 17 (8) 13 (6) 31 (14)
 Oropharyngeal pain 10 (5) 11 (5) 6 (3) 20 (9)
 Influenza 10 (5) 8 (4) 6 (3) 23 (11)
 Abdominal pain 9 (4) 14 (7) 9 (4) 26 (12)
 Fatigue 8 (4) 8 (4) 10 (5) 22 (10)
 Myalgia 7 (3) 12 (6) 4 (2) 20 (9)
 Catheter site–related reaction 7 (3) 10 (5) 13 (6) 28 (13)
 Catheter site pain 6 (3) 5 (2) 10 (5) 18 (8)
 Chest pain 5 (2) 12 (6) 6 (3) 19 (9)
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conducted in healthy subjects with doses lower than those 
used clinically. Still, the general profile of AEs appears simi-
lar to what has been reported for other G-CSFs in studies 
of patients receiving myelosuppressive anticancer drugs 
(Holmes et al. 2002b; Park et al. 2013). It is possible that 
differences in the safety profiles of MYL-1401H and refer-
ence pegfilgrastim products could emerge with increased 
exposure and under clinical conditions.

Pegfilgrastim is currently indicated for the reduction in 
duration of neutropenia and the incidence of FN in patients 
treated with cytotoxic chemotherapy for malignancy (Neu-
lasta 2016). For the prevention of FN, pegfilgrastim acts by 
binding to receptors on the surface of hematopoietic cells, 
thereby stimulating the production of neutrophils. MYL-
1401H consistently stimulated the production of neutro-
phils in a manner similar to approved pegfilgrastim products. 
Thus, the proposed pegfilgrastim biosimilar, MYL-1401H, 
may be an effective treatment option for the prevention of 
chemotherapy-induced neutropenia.
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