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PHASE II STUDIES

A randomized, multi-center, open-label, phase II study

of once-per-cycle DA-3031, a biosimilar pegylated G-CSF,
compared with daily filgrastim in patients receiving TAC
chemotherapy for early-stage breast cancer
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Summary Backgrounds A pegylated form of recombinant
granulocyte-colony stimulating factor (G-CSF) was devel-
oped for prophylactic use in breast cancer. The aim of this
study was to evaluate the efficacy and safety of once-per-
cycle DA-3031 in patients receiving chemotherapy for
breast cancer. Methods A total of 61 patients receiving
docetaxel, doxorubicin, and cyclophosphamide (TAC) che-
motherapy were randomized in cycle 1 to receive daily
injections of filgrastim (100 pg/m?) or a single subcutane-
ous injection of pegylated filgrastim DA-3031 at a dose of
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either 3.6 mg or 6 mg. Results The mean duration of grade 4
neutropenia in cycle 1 was comparable among the treatment
groups (2.48, 2.20, and 2.05 days for filgrastim, DA-3031
3.6 mg and 6 mg, respectively; P=0.275). No statistically
significant differences were observed in the incidence of
febrile neutropenia between the treatment groups (9.5 %,
15.0 %, and 5.0 % for filgrastim, DA-3031 3.6 mg and
6 mg, respectively; P=0.681) in cycle 1. The incidences of
adverse events attributable to G-CSF were similar among
the treatment groups. Conclusions Fixed doses of 3.6 mg or
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6 mg DA-3031 have an efficacy comparable to that of daily
injections of filgrastim in ameliorating grade 4 neutropenia
in patients receiving TAC chemotherapy.

Keywords Breast cancer - Neutropenia - Pegylated G-CSF -
TAC chemotherapy

Introduction

Myelosuppression is often the principal dose-limiting toxic-
ity of cytotoxic chemotherapy and the reason for dose
reduction in cancer patients. In early breast cancer, there is
evidence supporting a close correlation of sustained relative
dose intensity (RDI) of adjuvant chemotherapy and clinical
outcomes of patients [1, 2]. Thus, substantial reductions in
RDI may compromise the efficacy of adjuvant chemothera-
py. Since the duration of grade 4 neutropenia is known to be
a risk factor for life-threatening infectious complications,
recombinant granulocyte-colony stimulating factor (G-
CSF) has been developed for prophylactic use to reduce
the severity and duration of chemotherapy-induced
neutropenia.

Recently, TAC (docetaxel/doxorubicin/cyclophosphamide)
and dose-dense (every 2-week) chemotherapy have been ac-
cepted as standard care because of their superior clinical
benefit in early stage breast cancer patients [3, 4]. However,
successful clinical implementation of these effective ad-
juvant treatments should be supported by prophylactic
G-CSF treatment [3, 5-7]. After the initial development
of G-CSF by recombinant technology, further modifica-
tion of filgrastim by chemical addition of polyethylene
glycol (PEG) resulted in increased plasma half-life, thus
sustaining the pharmacologic effect in cancer patients
[8]. With a single injection of pegfilgrastim per chemo-
therapy cycle, patients receive the same benefit as daily
injections of filgrastim after chemotherapy [9, 10]. The
development of this convenient biologic agent has led to
better compliance of patients and fewer burdens for
both patients and health professionals. However, the
high cost of this biologic limits its routine use in
clinical practice.

DA-3031, a pegylated human recombinant G-CSF which
is biosimilar to the reference pegfilgrastim, Neulasta, has
been developed for subcutaneous administration in the treat-
ment of chemotherapy-induced neutropenia. The
manufacturing process was developed by and preclinical
and phase I studies have been conducted by Dong-A
Pharmaceuticals.

The aim of this study was to evaluate the efficacy and
safety of once-a-cycle DA-3031 at two dose levels in com-
parison with daily filgrastim in patients receiving TAC
chemotherapy for early stage breast cancer.

Patients and methods
Patients

This study was approved by the institutional review boards
of each participating center and the Korean Food and Drug
administration. All patients gave written informed consent
before any study-related procedure was performed. Patients
were eligible for study enrollment if they met the following
inclusion criteria: >18 years of age; diagnosis of high-risk
(as defined by the investigator) stage 11 or III breast cancer;
Eastern Cooperative Oncology Group (ECOG) performance
status 0 or 1; absolute neutrophil count (ANC) >1.5x10°/L;
platelet count >100x 10°/L; adequate renal, hepatic (i.e.,
bilirubin <1.5%the upper limit of normal and AST, ALT,
or both <1.5xthe upper limit of normal concomitant with
alkaline phosphatase <2.5 xthe upper limit of normal), and
cardiac function; and chemotherapy-naive.

Patients were excluded if they: had been enrolled into or
had not yet completed other investigational drug trials with-
in 30 days before randomization into this study; were still
receiving other investigational agents; had previous expo-
sure to filgrastim or pegfilgrastim within 6 weeks of ran-
domization into this study; were pregnant or breast-feeding;
had received systemic antibiotics within 72 h of chemother-
apy; had prior bone marrow or stem-cell transplantation; or
had undergone prior radiation therapy within 4 weeks of
randomization into this study.

Study drug

Patients randomized to filgrastim received daily subcutane-
ous injections of filgrastim 100 pg/m*/d beginning approx-
imately 24 h after chemotherapy and continuing until
documented ANC 5x10°/L after nadir or up to 10 days.
Patients randomized to pegfilgrastim received a single sub-
cutaneous injection of DA-3031 at fixed doses of either
3.6 mg or 6 mg per chemotherapy cycle on day 2 of each
cycle approximately 24 h after completion of chemotherapy.
Both filgrastim (Leucostim, Dong-A pharmaceuticals,
Seoul, Korea) [11] and pegfilgrastim (DA-3031, Dong-A
pharmaceuticals, Seoul, Korea) were produced by recombi-
nant DNA technology. DA-3031 was generated by adding
PEG to filgrastim in order to prolong half-life and to en-
hance in vivo stability.

Study design

This study was a randomized, multi-center, open-label, dose-
finding phase II study to compare the safety and efficacy
between once-a-cycle pegfilgrastim and daily filgrastim. Pa-
tients at each center were randomized separately and were
assigned in a 1:1:1 ratio to filgrastim100 pg/m?/d or
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Table 1 Patient characteristics

Filgrastim DA-3031 P-value
3.6 mg 6 mg

No. of patients 21 20 20

Age (yr)

Mean + SD 45.29+6.13 42.50+5.62 46.95+9.19 0.146
Median (range) 47 (29, 56) 43 (34, 54) 46 (34, 67)

Height (cm, mean + SD) 158.83+5.89 157.15+£3.99 158.07+3.72 0.515
Weight (kg, mean + SD) 60.57+8.22 59.49+8.28 57.80+7.09 0.530
Disease stage (n, %)

Stage 11 15 (71.4) 11 (55.0) 11 (55.0) 0.459
Stage 111 6 (28.6) 9 (45.0) 9 (45.0)

Baseline ANC 3460.76+1248.35 3971.35+1401.74 3380.10+£1428.46 0.334

pegfilgrastim 3.6 mg or 6 mg treatment groups by using a
stratified permuted-block randomization schedule with body
weight (=60 kg versus <60 kg) as the stratification variable.

Chemotherapy

Patients received chemotherapy on day 1 of each cycle,
which consisted of doxorubicin at 50 mg/m?, cyclophospha-
mide at 500 mg/m?, and docetaxel at 75 mg/m?, infused in
that order. Chemotherapy was repeated every 3 weeks for up
to six cycles.

End points

The primary efficacy end point was the duration of grade 4
neutropenia (defined as ANC <0.5x 10°/L) in chemotherapy
cycle 1. Secondary end points were the depth of ANC nadir,
the time to ANC recovery to >2x10%/L, the rate of febrile
neutropenia, and the incidence of patients requiring intrave-
nous antibiotics in the first cycle of chemotherapy.

Statistical analysis
The planned sample size for this study was approximately

60 patients, which was calculated using the confidence
interval to ensure that the width of the 95 % confidence

Table 2 Duration of G4 neutropenia

interval for the difference between the pegfilgrastim dose
group and the filgrastim group for the mean duration of
grade 4 neutropenia was 2 days and that the standard devi-
ation was 1.5 days.

Efficacy analyses included all randomized patients who
took at least one dose of the study drug and who had at least
one post-baseline measurement. Safety analyses included all
randomized patients who received at least one dose of study
drug and any safety data were collected.

For efficacy analyses, descriptive statistics were
performed for each efficacy endpoint. The means and
standard deviations (SD) in each group were calculated
for continuous variables, and 95 % two-sided confi-
dence intervals (CIs) were calculated for the difference
between ecach pegfilgrastim dose group and the
filgrastim group for each efficacy endpoint. The
treatment-group comparisons were performed using
analysis of variance (ANOVA) or the Kruskal-Wallis
test. The frequencies and percentages were calculated
for categorical variables and the treatment-group com-
parisons were performed using the chi-square test or
Fisher’s exact test.

For safety analyses, adverse events were classified
according to the NCI Common Terminology Criteria for
Adverse Events (CTCAE version 4.01). The number and
percentage of patients who experienced adverse events were

Filgrastim (n=21) DA-3031 Total (n=61) P-value
3.6 mg (n=20) 6 mg (n=20)
Overall (day, mean + SD) 2.48+1.03 2.20+1.47 2.05+1.05 2.25+1.19 0.275
Subgroup analysis by body weight
>60 kg 2.33+1.12 2.44+1.94 1.78+0.83 2.19+1.36 0.409
<60 kg 2.58+1.00 2.00£1.00 2.27+1.19 2.29+1.06 0.518
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Fig. 1 Mean ANC profiles in cycle 1

summarized, and the treatment-group comparisons were
performed using the chi-square test or Fisher’s exact test.

All significance tests were two-tailed with a nominal
significance level of 0.05.

Results
Patients

A total of 65 patients were screened from 9 centers, with 4
patients not passing the screening process. Sixty-one pa-
tients were randomized and received the study drug in the
first cycle of chemotherapy. The groups were well-balanced
for demographics, body size, and disease stage (Table 1).
The patients in this study were all Korean women, and the
mean age was 44.92+7.26 years. Twenty-one patients were
randomized to receive daily injections of filgrastim
(100 pg/m?/d), 20 patients were randomized to receive
DA-3031 3.6 mg, and the other patients received DA-3031
6 mg. Three patients erroneously received another study
drug instead of the allocated one: filgrastim was given to a
DA-3031 6 mg group patient, and DA-3031 6 mg was given
to patients in the filgrastim and DA-3031 3.6 mg groups,
respectively. Efficacy analysis for these patients was based
on the initial randomized assignment and not on the treat-
ment received. Safety analysis was based on the treatment
received, not as randomized. All of the patients completed

Table 3 ANC profile and incidence of febrile neutropenia

the study, and filgrastim was provided until the last cycle of
chemotherapy for each group of patients.

Efficacy

The mean duration of G4 neutropenia in cycle 1 was com-
parable among the treatment groups (2.48+1.03 days versus
2.20+1.47 days versus 2.05+1.05 days for filgrastim versus
DA-3031 3.6 mg versus DA-3031 6 mg, respectively; P=
0.275; Table 2). Subgroup analysis by stratification factor
and body weight showed a trend for shorter duration of G4
neutropenia with DA-3031 6 mg in patients who weighed
60 kg or higher. However, the trend was not statistically
significant (P=0.409).

Single injections of pegfilgrastim DA-3031 at the two
different dose levels showed similar ANC profiles when
compared with daily injections of filgrastim treatment
(Fig. 1). The ANC nadir was observed on approximately
day 7 of cycle 1 of chemotherapy. The mean nadir ANCs of
the DA-3031 6 mg group and the 3.6 mg group were 139.2+
114.9/mm® and 136.7+183.2/mm?>, respectively. These
values tended to be higher than that of the filgrastim group;
however, the difference was not statistically significant
(96.0/mm>; P=0.361; Table 3). The mean time to ANC
recovery to >2x10%/L was similar among the treatment
groups (9.8+0.8 days versus 10.1+1.8 days versus 9.9+
1.6 days for filgrastim versus DA-3031 3.6 mg versus DA-
3031 6 mg, respectively; P=0.681; Table 3).

The overall incidence of febrile neutropenia was 9.8 %
(6/61). In the DA-3031 3.6 and 6 mg dose groups, three
(15.0 %) and one (5.0 %) patients, respectively, and two
patients in the filgrastim group (9.5 %) experienced febrile
neutropenia in cycle 1. No statistically significant differ-
ences were observed between the incidence of febrile neu-
tropenia in any DA-3031 dose group and the filgrastim
group (P=0.681).

Safety

All of the participating patients reported at least one adverse
event; however, most of the adverse events were attributed
to complications from the TAC chemotherapy. Table 4
shows the adverse events that were considered to be

Filgrastim(n=21) DA-3031 Total (n=61) P-value
3.6 mg (n=20) 6 mg (n=20)
Nadir ANC (/mm?, mean = SD) 96.0£120.8 136.7+183.2 139.2+114.9 123.5+141.7 0.361
Time to ANC recovery (day, mean + SD) 9.8+0.8 10.1+1.8 9.9+1.6 9.9+1.4 0.6815
Incidence of febrile neutropenia (n, %) 2(9.5) 3 (15.0) 1(5.0) 6 (9.8) 0.6814
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Table 4 Possible study-drug-related adverse events in cycle 1

System organ class Filgrastim DA-3031 P-value
Adverse events (n=21, n (%)) 3.6 mg (n=19) 6 mg (n=21)

Cardiac disorders 1(4.8) 1.0000
Palpitations 1(4.8)

Immune system disorders 1(4.8) 1(5.3) 0.7590
Allergic reaction 1(4.8) 1(5.3)

Musculoskeletal and connective tissue disorders 6(28.6) 4(21.1) 8(38.1) 0.4950
Back pain 3(14.3) 4(19.0)

Myalgia 5(23.8) 4(21.1) 6(28.6)

Pain in extremity 1(5.3) 1(4.8)

Nervous system disorders 2(9.5) 1(5.3) 0.5221
Headache 2(9.5) 1(5.3)

Reproductive system and breast disorders 1(5.3) 03115
Pelvic pain 1(5.3)

possibly related to the study drugs by the investigators
(22/61, 36.1 %), and all of these adverse events were grade
1 or 2. Musculoskeletal pain in the back, muscles, and
extremities was the most frequently-reported adverse event
in this study (Table 4). In the DA-3031 3.6 and 6 mg dose
groups, four (21.1 %) and eight (38.1 %) patients, respec-
tively, and six patients (28.6 %) in the filgrastim group
experienced mild pain in cycle 1. Although the musculo-
skeletal pain in the DA-3031 group showed a dose effect,
the difference among the study groups was not statistically
different. Other adverse events attributable to the study
drugs were headache (2/21 in the filgrastim group, 1/19 in
the DA-3031 3.6 mg group), palpitation (1/21 in the
filgrastim group), allergic reaction (1/21 in filgrastim group,
1/19 in DA-3031 3.6 mg group), and pelvic pain (1/19 in
pegfilgrastim 3.6 mg group). One serious adverse event was
reported by the patient who received 3.6 mg of DA-3031,
however, the event was not considered to be related to the
study drug.

Discussion

Pegfilgrastim (Neulasta, Amgen) is known to provide sub-
stantial protective effects against febrile neutropenia in pa-
tients receiving TAC, and prophylactic pegfilgrastim
significantly reduced the incidence of febrile neutropenia
from >20 % to 7 % [5]. The guidelines of the American
Society of Clinical Oncology and the European Organiza-
tion for Research and Treatment of Cancer recommend the
use of colony-stimulating factor (CSF) in the first cycle of
chemotherapy for treatments in which the risk of febrile
neutropenia is greater than 20 % [12, 13]. Thus, the rational
use of pegfilgrastim can protect patients from severe

@ Springer

neutropenia and potentially life-threatening infection in an
adjuvant TAC chemotherapy setting. The wide clinical use
and pending expiry of the patent have stimulated the devel-
opment of filgrastim biosimilars in order to reduce costs and
improve accessibility to this agent. Currently, several agents
have been approved and are being used in clinical practice
[14].

In the present study, a single fixed dose of DA-3031, a
pegfilgrastim biosimilar, demonstrated a similar efficacy
and safety profile to that of the daily injections of the
reference drug, filgrastim, in patients receiving TAC. The
duration of grade 4 neutropenia in cycle 1 was 2.48, 2.20,
and 2.05 days in the filgrastim, DA-3031 3.6 mg, and DA-
3031 6 mg groups, respectively. In addition, the incidence of
febrile neutropenia in cycle 1 was 9.5 %, 15.0 %, and 5.0 %
in the filgrastim, DA-3031 3.6 mg, and DA-3031 6 mg
groups, respectively. There was a decreasing trend in the
duration of grade 4 neutropenia and the incidence of febrile
neutropenia, which were not statistically significant.

The most common adverse event that was possibly relat-
ed to the study drugs was musculoskeletal pain in the back,
muscles, and extremities, which is a known effect of G-CSF.
The severity of the pain was low grade, and the trend for
higher incidence in the DA-3031 6 mg group was not
statistically significant. No other unexpected adverse reac-
tions related to the study medication were reported. Overall,
administration of DA-3031 at two dose levels showed a
safety profile comparable to that of the reference drug,
filgrastim.

Pegfilgrastim is recommended for use as a single, fixed
dose of 6 mg, as that dose was proven to provide the same
benefit as daily filgrastim, regardless of body weight, in a
randomized trial [9]. In this study, we used fixed doses of
DA-3031 3.6 mg and 6 mg to determine the adequate dose
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in patients receiving myelosuppressive chemotherapy. The
two different dosages were determined based on the results
of a phase I study which showed a similar pharmacodynam-
ics as determined by maximum ANC and the area under the
curve of ANC for 264 h after study drug administration
(unpublished data). Both doses of DA-3031 seemed to have
a similar efficacy as the reference drug, filgrastim, for which
the dosage was determined by body surface area as based on
the approval labeling. Moreover, a predefined subgroup
analysis according to body weight (>60 kg versus <60 kg)
showed a comparable efficacy and safety profile in the two
patient groups. Although the differences were not statisti-
cally significant, there was a decreasing trend of duration of
G4 neutropenia and incidence of febrile neutropenia with
6 mg of DA-3031. In addition, the incidence of febrile
neutropenia in the DA-3031 6 mg group seemed to be
comparable to that of the original drug, Neulasta, in patients
receiving TAC (5.0 % for DA 3031 6 mg versus 7 % for
Neulasta) [5]. Thus, it is reasonable to compare 6 mg of DA-
3031 to compare with reference drug in future clinical
studies.

In this study, we could not determine if there was anti-
body formation against the study drug, DA-3031, since this
study involved only the first cycle of treatment, and thus
patients received daily filgrastim for subsequent treatment
cycles as recommended by the Korean FDA. An additional
phase III randomized trial comparing DA-3031 6 mg with
daily injections of filgrastim in the same patient population
as in this study is ongoing (NCT01674855). A confirmative
study demonstrating clinical benefit and long-term safety,
including antibody formation, may support the use of
biosimilar pegfilgrastim, DA-3031, in clinical practice.

In conclusion, fixed doses of 3.6 mg or 6 mg DA-3031
have similar efficacy to daily injections of filgrastim in
ameliorating grade 4 neutropenia and febrile neutropenia
in patients receiving TAC chemotherapy for early stage
breast cancer. DA-3031 showed a similar safety profile in
the doses applied in this study.
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