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Abstract

Purpose This multi-center, randomized, phase III study was
conducted to demonstrate the non-inferiority of DA-3031
compared with daily filgrastim in patients during the first cy-
cle of chemotherapy for breast cancer in terms of the duration
of severe neutropenia (DSN).

Methods Seventy-four patients with breast cancer who were
receiving combination chemotherapy with docetaxel, doxoru-
bicin, and cyclophosphamide (TAC) were enrolled. All par-
ticipants were randomized to receive either daily subcutane-
ous injections of filgrastim 100 wg/m?/day for up to 10 days or
a single subcutaneous injection of DA-3031 at fixed doses of
6 mg on day 2 of each chemotherapy cycle.

Results The mean duration of grade 4 (G4) neutropenia in
cycle 1 was 2.08 + 0.85 days for the filgrastim group and
2.28 £ 1.14 days for the DA-3031 group. The difference be-
tween groups was 0.2 + 1.10 days (95 % confidence interval

P4 Jae Hong Seo
cancer@korea.ac.kr

Division of Oncology/Hematology, Department of Internal
Medicine, Korea University College of Medicine, 73 Inchonro,
Sungbuk-Gu, Seoul 02481, South Korea

Division of Oncology, Department of Internal Medicine, Severance
Hospital, Yonsei University College of Medicine, Seoul, South
Korea

Division of Oncology/Hematology, Department of Internal
Medicine, University of Ulsan College of Medicine, Ulsan, South
Korea

Department of Hematology-Oncology, Ajou University School of
Medicine, Suwon, South Korea

Division of Oncology/Hematology, Department of Internal
Medicine, Hallym University Sacred Heart Hospital, Pyeongchon,
Anyang-si, Gyeonggi-do, South Korea

(CI) = —0.26, 0.66), which supported non-inferiority. No sta-
tistically significant differences were observed in nadir abso-
lute neutrophil count (ANC) ( 154.34/mm> and 161.75/mm’
for the filgrastim and DA-3031 groups, respectively;
P =0.8414) or in time to ANC recovery (10.03 + 0.75 and
9.83 + 1.56 days in the filgrastim and DA-3031 groups, re-
spectively; P = 0.0611) during cycle 1. Serious AEs occurred
in six (15.8 %) patients receiving filgrastim and in ten
(27.8 %) patients receiving DA-3031; however, none was de-
termined to be related to the study drug.

Conclusions DA-3031 and daily filgrastim are similar in re-
gard to DSN and safety in breast cancer patients receiving
TAC chemotherapy.
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Introduction

Hematologic toxicities, including myelosuppression, are the
most important dose-limiting factors in cytotoxic chemother-
apy. Patients with severe neutropenia often develop clinically
important complications, including an increased risk for op-
portunistic infections and sepsis. As a result, patients with
early stage cancers may receive adjuvant chemotherapy at a
decreased relative dose intensity (RDI), which compromises
treatment efficacy [1, 2]. In patients with advanced or recur-
rent cancers, severe infectious complications can be a major
cause of morbidity and can deteriorate the quality of life [3].

Combination chemotherapy with docetaxel, doxorubicin,
and cyclophosphamide (TAC) is a standard of care for both
patients with high-risk early and advanced HER-2 negative
breast cancers [4, 5]. However, implementation of TAC che-
motherapy in patient care has been limited by the high inci-
dence of febrile neutropenia. Based on the clinical benefit of
granulocyte-colony stimulating factor (G-CSF) in the preven-
tion of febrile neutropenia and subsequent intravenous antibi-
otic treatment or hospitalization in the setting of TAC chemo-
therapy, prophylactic use of G-CSF is recommended by the
guidelines of the American Society of Clinical Oncology, the
European Organization for Research and Treatment of Cancer,
and the National Comprehensive Cancer Network [6, 7].

Advances in recombinant technology introduced a
pegylated form of G-CSF via the addition of polyethylene
glycol (PEG) to original filgrastim, resulting in a long plasma
half-life by single injection per chemotherapy cycle [8]. This
convenient biologic agent has led to better compliance in pa-
tients and a decreased burden for clinicians, but its high cost
and accessibility limit its routine use in practice [9].

DA-3031 (tripegfilgrastim; Dong-A ST, Seoul, Korea) is
composed of three isomers, the Lys®>, Met™ ™" and Lys!’-
mono-PEGylated filgrastim, which are manufactured by con-
jugation of a 23 kDa polyethylene glycol (amine PEGylation)
to one of three conjugate sites (N-terminal, Lys17, or Lys35)
of filgrastim. A phase II trial showed that a fixed dose of 6 mg
DA-3031 has comparable efficacy to that of daily injections of
filgrastim in ameliorating grade 4 neutropenia in patients re-
ceiving TAC chemotherapy [10].

The primary objective of this study was to demonstrate the
non-inferiority of DA-3031 compared with daily filgrastim in
patients during the first cycle of chemotherapy for breast can-
cer in terms of the duration of severe neutropenia (DSN).

Patients and methods
Patients

The study protocol was approved by the institutional review
board of each participating center and the Ministry of Food
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and Drug Safety. All patients gave written informed consent
before any study-related procedure was performed. Patients
were eligible if they were at least 18 years of age; had no prior
chemotherapy; were eligible for six cycles of TAC for the
treatment of high-risk stage II, III, or IV breast cancer; had
an Eastern Cooperative Oncology Group (ECOG) perfor-
mance status of 0 or 1; had an absolute neutrophil count
(ANC) > 1.5 x 10°/L and a platelet count > 100 x 10°/L;
and had adequate renal, hepatic (i.e., bilirubin <1.5% the upper
limit of normal and aspartate aminotransferase [AST], alanine
transaminase [ALT], or both <1.5x the upper limit of normal
concomitant with alkaline phosphatase <2.5x the upper limit
of normal), and normal cardiac function.

Exclusion criteria included history of participation in any
investigational drug trial within 30 days before informed con-
sent, previous exposure to filgrastim or pegfilgrastim, preg-
nant or breast-feeding women, treatment with systemic anti-
biotics within 72 h of chemotherapy, prior bone marrow or
stem-cell transplantation, or prior radiation therapy within
4 weeks of informed consent.

Study drug

Patients who were randomized to filgrastim received daily
subcutaneous injections of filgrastim 100 pg/m*/day begin-
ning approximately 24 h after chemotherapy and continued
until ANC was documented to be 5 x 10°/L after nadir, or for
up to 10 days. Patients who were randomized to the DA-3031
group received a single subcutaneous injection of DA-3031 at
fixed doses of 6 mg on day 2 of each chemotherapy cycle
approximately 24 h after completion of chemotherapy.

Study design

This was a randomized, multi-center, open-label, phase III study
that compared the efficacy and safety of once-per-cycle DA-
3031 with that daily filgrastim. Eligible patients were random-
ized in a 1:1 ratio to receive either daily subcutaneous filgrastim
100 pg/m? or a single fixed dose of DA-3031 6 mg. Patients
were assigned to treatment groups using a block randomization
method according to the participating institution.

Chemotherapy

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

Endpoints

The primary endpoint was the duration of grade 4 neutropenia
(defined as ANC < 0.5 x 10/L) in chemotherapy cycle 1 of
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Fig. 1 Study flow diagram
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the full analysis set. Secondary endpoints were the depth of
ANC nadir, time to ANC recovery to >2 x 10°/L in the first
cycle of chemotherapy, rate of febrile neutropenia, and num-
ber of patients requiring intravenous antibiotics during six
cycles of chemotherapy.

Safety was assessed by the incidence of adverse events
(AEs) using preferred terms designated by the Common
Terminology Criteria for Adverse Events (CTCAE, version
4.0) and graded according to the National Cancer Institute’s
Common Toxicity Criteria (version 4.0).

Statistical analysis

The planned sample size for this study was approximately
74 patients. With 37 patients in each group, the sample
size was calculated to have 90 % power to establish the
non-inferiority of DA-3031 compared with filgrastim
(Leucostim) at the 2.5 % significance level, assuming that
the standard deviation for the duration of grade 4 neutro-
penia was 2.5 days and the non-inferiority margin was
2 days. The sample size also assumed that the true mean

Table 1 Patient characteristics

Filgrastim DA-3031 P value
No. of patients 38 36
Age (year)
Mean + SD 45.76 £8.12 47.11 £6.37 0.4311
Median (range) 48 (30, 67) 48 (33, 66)
Height (cm, mean + SD) 156.71 £ 5.44 157.84 £4.71 0.3446
Weight (kg, mean + SD) 57.63 +£7.65 59.84 +£9.45 0.3412
ECOG performance status (n, %) 0.6796
0 32 (84.2) 29 (80.6)
1 6 (15.8) 7(194)
Disease stage (n, %) 0.6959
Stage | 1(2.6) 0(0.0)
Stage 11 24 (63.2) 21(58.3)
Stage 111 10 (26.3) 13 (36.1)
Stage IV 3(7.9) 2 (5.6)
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Table 2 Duration of G4
neutropenia in cycle 1

difference between treatment groups equaled zero and the
dropout rate was 10 %.

Filgrastim DA-3031 Difference between groups
(95 % confidence interval)®
Full analysis set
Number of patients 38 36
Overall (day, mean + SD) 2.08 £0.85 228+ 1.14 0.20 £ 1.00 (—0.26, 0.66)
Per-protocol set
Number of patients 32 31 0.13 £0.98 (-0.36, 0.63)
Overall (day, mean + SD) 2.06 +0.88 2.19+£1.08
#DA-3031—Filgrastim
Results
Patients

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

For the primary endpoint, the treatment group difference
in duration of grade 4 neutropenia was analyzed using a
95 % two-sided confidence interval (CI). DA-3031 was
considered non-inferior to filgrastim (Leucostim®) if, in
cycle 1, the upper limit of the 95 % two-sided confidence
interval for the difference in mean duration of grade 4 neu-
tropenia was less than the pre-specified non-inferiority mar-
gin of 2 days. The secondary endpoints were summarized as
the mean, standard deviation (SD), minimum, median, and
maximum for continuous data and as counts and percent-
ages for categorical data. For continuous variables, the
inter-group comparisons were performed using the two-
sample ¢ test or Wilcoxon rank sum test, and for categorical
variables, the inter-group comparisons were performed
using the chi-square test or Fisher’s exact test.

All significance tests were two tailed with a nominal sig-
nificance level of 0.05, and the statistical analysis was per-
formed using SAS software version 9.2 (SAS Institute Inc.,
Cary, NC, USA).

Table 3  Secondary efficacy analysis

Between February 2012 and February 2013, a total of 83
Korean patients with breast cancer were screened at ten par-
ticipating sites in Korea. Seventy-four patients were random-
ized to receive either filgrastim (n = 38) or DA-3031 (n = 36).
Seventy-three patients finished the first cycle treatment; one
patient in the DA-3031 group withdrew from the study.
Figure 1 shows the progress of patients through the phases
of the study. As shown in Table 1, the baseline characteristics
of patients in each group were well balanced.

Efficacy

The primary endpoint, the mean duration of G4 neutropenia in
cycle 1, was 2.08 + 0.85 days for the filgrastim group and
2.28 + 1.14 days for the DA-3031 group in the full analysis
set(Table 2). The difference between groups was 0.2 + 1.00 days
(95 % CI =-0.26, 0.66) which supported non-inferiority (pre-
specified non-inferiority margin of 2 days), and similar results
were seen in the per-protocol set.

Similarly, differences in secondary endpoints were not
significant (Table 3). First, nadir ANC during the first cycle
of treatment was 154.34/mm> in the filgrastim group and

Full Analysis Set

Per-Protocol Set

Filgrastim DA-3031 P value Filgrastim DA-3031 P value

Nadir ANC in cycle 1 (/mm®) (n=38) (n=236) 08414 (n=32) (n=31) 0.9288
15434 £162.26 161.75+194.30 157.13 £168.52 166.55 +198.32

Time to ANC recovery in cycle 1 (days) (n=38) (n=36) 0.0611 (n=32) (n=31) 0.0866
10.03 £0.75 9.83 +£1.56 10.00 £ 0.80 9.74 £1.48

Incidence of febrile neutropenia for all cycles (n, %) (n = 38) (n=35) 0.2963 (n=21) (n=28) 0.0622
3(7.9) 6(17.1) 0 (0.0) 5(17.9)

Use of IV antibiotics for all cycles (n, %) (n=38) (n=35) 09788 (n=21) (n=28) 0.7884
14 (36.8) 13 (37.1) 6 (28.6) 9 (32.1)
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Fig. 2 Duration of severe neutropenia (a), time to ANC recovery (b), and mean dose intensities of chemotherapy (c¢) for all cycles. Error bars represent

95 % confidence interval of mean; *P < 0.05

161.75/mm’ in the DA-3031 group (P = 0.8414). Second,
time to ANC recovery in cycle 1 was 10.03 £ 0.75 and
9.83 £ 1.56 days in the filgrastim and DA-3031 groups,
respectively. Third, three patients (7.9 %) in the filgrastim
group developed febrile neutropenia during all chemother-
apy cycles compared with six patients (17.1 %) in the DA-
3031 group (P = 0.2963). During all chemotherapy cycles,
14 patients in the filgrastim group (36.8 %) and 13 patients
in the DA-3031 group (37.1 %) required hospitalization for
intravenous antibiotic treatment (P = 0.9788).

The duration of severe neutropenia during all treatment
cycles was comparable between the two treatment groups
(Fig. 2a). Mean time to ANC recovery showed a similar
pattern in the two treatment groups, except in the second
and third cycle treatments (Fig. 2b). The dose intensities
of chemotherapy were also similar between patients who
received filgrastim and those who received DA-3031 for
all cycles (Fig. 2c¢).

Any antibodies to filgrastim or DA-3031 were not newly
detected during treatment in this study. One patient in the

filgrastim group was positive for anti-G-CSF antibody at base-
line, but negative conversion was reported on six consecutive
tests with treatment.

Safety

All patients experienced AEs and the safety profile of DA-
3031 was similar to that of filgrastim in this study (Table 4).
Severe (G3 or higher) AEs were reported in 94.7 % of
filgrastim patients and 97.2 % of DA-3031 patients.
However, most AEs were attributed to cytotoxic chemothera-
py; 6 (15.8 %) patients in the filgrastim group and 2 (5.6 %)
patients in the DA-3031 group were reported as study drug-
related AEs. Most of the study drug-related AEs were related
to musculoskeletal pain in the back, muscles, and extremities.
None of the AEs related to musculoskeletal system led to the
discontinuation of study participation and were managed by
analgesics. Serious AEs occurred in six (15.8 %) patients re-
ceiving filgrastim and in ten (27.8 %) patients receiving DA-
3031, while none was determined to be related to the study

Table 4 Frequencies of adverse

events Category of adverse events Filgrastim (n = 38) DA-3031 (n = 36) P value
n (%) n (%)

Any AE 38 (100) 36 (100) -
Drug-related AE 6 (15.8) 2 (5.6) 0.2627
Serious AE 6 (15.8) 10 (27.8) 0.2105
Serious drug-related AE 0 (0) 0(0) -
Severe (>G3) AE 36 (94.7) 35(97.2) -
Severe drug-related AE 0(0) 0(0) -
Death 0 (0) 12.8) -
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drug. One patient treated with DA-3031 died from disease
progression during the study.

Discussion

The data of this study demonstrated the non-inferiority of a
single fixed dose of DA-3031, a tripegfilgrastim, versus daily
injection of filgrastim in patients who receive TAC chemo-
therapy for breast cancer. The mean duration of G4 neutrope-
nia in cycle 1 was 2.28 days for the DA-3031 group and
2.08 days for the filgrastim group, supporting non-inferiority
in the full analysis set. This data were consistent with the
results from the previous phase II study that determined dos-
ing using the same study drug [10]. In addition, the analysis
for all secondary endpoints was comparable between the DA-
3031- and filgrastim-treated groups, and no additional safety
issue was identified.

Although the DSN in cycle 1 was the primary endpoint to
evaluate the efficacy of the study drug, the incidences of febrile
neutropenia and hospitalization are more clinically meaningful
endpoints. In this study, a fixed dose of 6 mg tripegfilgrastim,
DA-3031, showed comparable clinical parameters of efficacy
to reference daily filgrastim; the incidences of febrile neutrope-
nia and intravenous antibiotic use in all cycles were similar
(Table 3). Reportedly, the incidence of febrile neutropenia in-
duced by TAC chemotherapy exceeds 24 % without prophy-
lactic G-CSF in patients with early breast cancer [11, 12].
However, with the use of prophylactic G-CSF, the incidence
of febrile neutropenia over six cycles of TAC treatment was
significantly decreased to 7-16 % [13]. Moreover, prophylactic
use of G-CSF significantly reduced the incidence of non-
hematologic toxicities including asthenia, anorexia, myalgia,
nail disorders, and stomatitis by an unknown mechanism [12].
Consistent with previous studies, our study showed an inci-
dence of febrile neutropenia of 7.9 % in the filgrastim group
and 17.1 % in the DA-3031 group, but the numeric difference
was not statistically significant. Furthermore, mean dose inten-
sities of chemotherapy were comparable between treatment
groups (Fig. 2c); dose reduction of chemotherapy was required
in five patients (13.2 %) and four patients (11.1 %) in filgrastim
and DA-3031 groups, respectively.

The mean DSN in cycle 1 in our study (2.28 and 2.08 days
for the DA-3031 group and filgrastim group, respectively)
was longer than those of other studies were. A Korean study
using pegteograstim or reference pegfilgrastim also showed
a mean DSN of 1.84-1.96 days in patients receiving TAC
chemotherapy [14]. In a recent German study, however, the
mean DSN in cycle 1 ranged from 1.17 to 1.20 days after
daily injection of a biosimilar or reference filgrastim in
patients receiving TAC chemotherapy for early breast can-
cers [15]. Potential reasons for the difference in the mean
DSN among studies might include an ethnic difference
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between Asian and non-Asian patients, as shown in an in-
tegrated analysis [16]. Given the divergent myelotoxicity in
Asian patients, more individualized supportive care includ-
ing pegfilgrastim might be of more benefit to the patients
receiving docetaxel-based chemotherapy.

The use of biosimilar pegfilgrastim is now widely accepted
based on studies that showed similar efficacies and safety pro-
files in clinical use. As the number of patients who participated
in this pivotal study is relatively small, further safety and effi-
cacy data should be collected after extrapolation to other dis-
eases. In addition, we used daily subcutaneous injections of
filgrastim as the reference drug instead of the pegylated form,
because no pegylated G-CSF was available at the time of study
initiation in Korea. Our data also has limitation as we used the
approved dosage of filgrastim in Korea, 100 pg/m?, which is
lower than the FDA-recommended dose (5 pg/kg/day). DA-
3031 is now being used in clinical practice after approval by
the Korea health authority. Further clinical studies and vigilant
post-marketing surveillance of efficacy and safety in the real
world were in progress.

This study demonstrates that DA-3031 and daily filgrastim
are similar in regard to the duration of severe neutropenia and
safety in breast cancer patients receiving TAC chemotherapy.
The new pegfilgrastim, DA-3031, could contribute towards
better accessibility to treatment in the future.

Compliance with ethical standards The study protocol was approved
by the institutional review board of each participating center and the
Ministry of Food and Drug Safety. All patients gave written informed
consent before any study-related procedure was performed.
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