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ABSTRACT

Objectives. This study aimed to evaluate the efficacy and safety
of once-per-cycle balugrastim versus pegfilgrastim for neutro-
phil support in breast cancer patients receiving myelosuppres-
sive chemotherapy.

Methods. Breast cancer patients (n = 256) were randomized
to 40 or 50 mg of subcutaneous balugrastim or 6 mg of
pegfilgrastim ~24 hours after chemotherapy (60 mg/m?
doxorubicin and 75 mg/m? docetaxel, every 21 days for up to
4 cycles).The primary efficacy parameter was the duration of
severe neutropenia (DSN) in cycle 1. Secondary parameters
included DSN (cycles 2—4), absolute neutrophil count (ANC)
nadir, febrile neutropenia rates, and time to ANC recovery
(cycles 1-4). Safety, pharmacokinetics, and immunogenicity
were assessed.

Results. Mean cycle 1 DSN was 1.0 day with 40 mg of balugrastim,
1.3 with 50 mg of balugrastim, and 1.2 with pegfilgrastim (upper limit
of 95% confidence intervals for between-group DSN differences
was <1.0 day for both balugrastim doses versus pegfilgrastim).
Between-group efficacy parameters were comparable except for
time to ANC recovery in cycle 1 (40 mg of balugrastim, 2.0 days;
50 mg of balugrastim, 2.1; pegfilgrastim, 2.6). Median terminal elim-
ination half-life was /37 hours for 40 mg of balugrastim, ~36 for
50 mg of balugrastim, and /45 for pegfilgrastim. Antibody response
to balugrastim was low and transient, with no neutralizing effect.
Conclusion. Once-per-cycle balugrastim is not inferior to pegfil-
grastim in reducing cycle 1 DSN in breast cancer patients receiving
chemotherapy; both drugs have comparable safety profiles.
The Oncologist 2016;21:7-15

Implications for Practice: This paper provides efficacy and safety data for a new, once-per-cycle granulocyte colony-stimulating factor,
balugrastim, for the prevention of chemotherapy-induced neutropenia in patients with breast cancer receiving myelosuppressive
chemotherapy. In this phase lll trial, balugrastim was shown to be not inferior to pegfilgrastim in the duration of severe neutropenia in
cycle 1 of doxorubicin/docetaxel chemotherapy, and the safety profiles of the two agents were similar. Once-per-cycle balugrastim is a
safe and effective alternative to pegfilgrastim for hematopoietic support in patients with breast cancer receiving myelosuppressive

chemotherapy associated with a greater than 20% risk of developing febrile neutropenia.

INTRODUCTION

Neutropenia is one of the most common toxicities in cancer
patients receiving myelosuppressive chemotherapy [1]. Pa-
tients who develop neutropenia are at increased risk for
infection with fever [1]. Febrile neutropenia (FN) often requires
hospitalization and treatment with i.v. antibiotics, may neces-
sitate chemotherapy dose reductions and/or delays, and may
confer a mortality rate ranging from 8.0% to 14.3% depending
on the type of cancer [2-5]. Severe neutropenia occurs most
often during the initial cycles of chemotherapy [6], and
increased duration is associated with an increased risk of
infection [1, 7]. Because the incidence of FN across cancer
types treated with commonly used chemotherapy regimens

ranges from 5% to 44%, appropriate and effective prophylactic
neutrophil support is an important clinical goal [3, 8].
Granulocyte colony-stimulating factor (G-CSF) products
have demonstrated clinical benefit [9—12] in patients at risk
for chemotherapy-induced neutropenia by stimulating neu-
trophil proliferation and function [13]. The prophylactic use
of G-CSF products is therefore routinely recommended to
maintain absolute neutrophil counts (ANC) in patients receiving
chemotherapy regimens when the risk of FN is 20% or higher
[6, 14, 15]. Filgrastim is an Escherichia coli-derived recombinant
formulation of G-CSF that has a short elimination half-life
(t1/2) and requires daily s.c. injections [16]. Attachment of a
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polyethylene glycol moiety to filgrastim (pegfilgrastim) extends
its elimination half-life, facilitating once-per-chemotherapy-
cycle dosing [16-18].

As an alternative to pegylation, a novel technology was
used to develop balugrastim (Egranli [CG-10639]; Teva
Pharmaceutical Industries, Netanya, Israel, http://www.
tevapharm.com), a recombinant protein composed of human
serum albumin and human G-CSF produced through recombi-
nant DNA technology in Saccharomyces cereviseae [19]. The
albumin domain prolongs the circulating half-life of balugrastim
compared with G-CSFs, allowing once-per-cycle, fixed-dose, s.c.
administration [20].

This phase Il noninferiority study aimed to evaluate the
efficacy and safety of 40- and 50-mg doses of balugrastim
versus a 6-mg dose of pegfilgrastim (Neulasta; Amgen Inc.,
Thousand Oaks, CA, http://www.amgen.com) for the pro-
phylaxis of chemotherapy-induced neutropenia.The doses in
the current study were chosen based on the results of a dose-
escalation phase Il study that demonstrated similar safety
and efficacy between the 40- and 50-mg doses of balugrastim
and the active comparator, pegfilgrastim [21].

MATERIALS AND METHODS

Study Design and Treatment

This multicenter, randomized, open-label, phase Il non-
inferiority study compared the efficacy and safety of once-
per-cycle 40 or 50 mg of balugrastim and 6 mg of pegfilgrastim
in patients with breast cancer receiving chemotherapy with
doxorubicin and docetaxel. The phase Ill portion of the study
followed a phase |l dose-escalation study of once-per-cycle 30,
40, and 50 mg of balugrastim and was designed to select 2
doses of balugrastim that demonstrated similar safety and
efficacy to pegfilgrastim for further investigation in the phase
1l study.

Patients were randomized in a 1:1:1 ratio to receive s.c.
injections of 40 or 50 mg of balugrastim or 6 mg of pegfilgrastim
once per cycle approximately 24 hours after chemotherapy
administration for up to four 21-day chemotherapy cycles
(Fig. 1). Randomization was stratified by body weight (<50,
=50, <80, and =80 kg), prior chemotherapy exposure, and
global location. Patients were allocated to treatment groups
using a blocked randomization scheme with a block size of three.
The randomization process was conducted by ClinPhone
(Nottingham, U.K., http://www.clinphone.com) using comput-
erized randomization and was delivered using an interactive
voice response system. Chemotherapy consisted of doxorubicin
60 mg/m? i.v. injection, followed by docetaxel 75 mg/m? i.v.
infusion. To reduce the incidence of fluid retention and
hypersensitivity reactions, patients received oral corticosteroids
for 3 days, starting 1 day before docetaxel administration. The
use of antiemetics or other premedications was left to the
physician’s discretion. Prior to receiving chemotherapy, patients
were required to have an ANC of =1.0 X 10%/L and a platelet
count of =100 X 10°/L. Patients were followed for 1 year after
the final dose of study drug to assess overall survival.

The local institutional review boards and ethics commit-
tees of the participating centers approved the study protocol,
and the study was conducted in accordance with the principles
of the Declaration of Helsinki and the International Conference
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Figure 1. Phase Ill study design. Chemotherapy comprised
doxorubicin 60 mg/m? + docetaxel 75 mg/m?.
Abbreviations: Chemo, chemotherapy; D, day.

on Harmonization Good Clinical Practice guidelines. Written
informed consent was obtained from all patients before the
start of any study-related procedures.

Patients
Male and female patients aged 18 years or older with histolog-
ically or cytologically confirmed breast cancer who were
scheduled to receive doxorubicin and docetaxel combination
chemotherapy were eligible to participate in the study if they
had an Eastern Cooperative Oncology Group (ECOG) perfor-
mance status of <2, ANC of >1.5 X 10°/L, platelet count
of >100 X 10°/L, and adequate hepatic and renal function.
Patients were excluded from the study if they had
received more than 1 prior chemotherapy regimen, includ-
ing adjuvant therapy within the last 12 months; a total
lifetime cumulative anthracycline dose exceeding doxorubicin
of >240 mg/m? or equivalent dose of another anthracycline
or anthracenedione; high-dose chemotherapy with hemato-
poietic stem cell transplant; chemotherapy, immunother-
apy, or any investigational agent; or radiation (excluding
spot irradiation for bone metastases). Other key exclusion
criteriaincluded previous exposure to G-CSF, granulocyte-
macrophage CSF, or erythropoietin; systemic antibiotics
within 72 hours of study chemotherapy; or concomitant
trastuzumab. Pregnant or breastfeeding women were ex-
cluded, as were nonsterile menand women who did notagree
to use an effective method of contraception throughout
the study.

Outcomes

The primary efficacy parameter was the duration of severe
neutropenia (DSN; number of days with ANC of <0.5 X 10%/L)
in cycle 1. Secondary parameters included DSN in cycles 2—4;
incidence of FN (ANC of <0.5 X 10%/L and oral temperature of
=38.2°Coccurring onthe same day) and severe neutropeniain
cycles 1-4; and time to ANC nadir, depth of ANC nadir, and time
to ANC recovery (time from nadir ANCto ANC of =1.5 X 10°%/L,
calculated for patients with ANC of <<1.5 X 10%/L after the start
of chemotherapy) in cycles 1-4. Blood samples were collected
to determine ANC 1 day before each chemotherapy cycle and
until postnadir ANC was >2.0 X 10%/L and then twice weekly.
Serum samples for clinical chemistry panels were collected
within 2 days before chemotherapy and then weekly during
cycle 1and 1 day before chemotherapy during cycles 2—4. Body
temperature was monitored twice daily from days 5-15 of
each chemotherapy cycle.
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Pharmacokinetic parameters during cycle 1 for balugrastim
and pegfilgrastim were derived using noncompartmental meth-
ods using Phoenix WinNonlin version 6.1. Balugrastim and
pegfilgrastim concentrations were detected using a sandwich
enzyme-linked immunosorbent assay (ELISA). Pharmacokinetic
(PK) parameters included the area under the curve (AUCy..),
apparent total clearance (CL/F), apparent volume of distribution
(Vz/F), maximum serum concentration (C,.,), €limination half-life
(t1/2, elim), @and mean residence time. Blood samples for PK analysis
were obtained during cycle 1 only, before study-drug administra-
tion, 24 hours after administration, and daily on days 5-8.

Immunogenicity samples were obtained before each che-
motherapy cycle and at 6 and 12 months after the final dose of
study drug. Screening, confirmation, and characterization assays
were implemented for immunogenicity assessment. A direct-
binding ELISA was used to evaluate development of antidrug
antibodies against balugrastim and pegfilgrastim in balugrastim-
or pegfilgrastim-treated patients, respectively. Confirmed
antibalugrastim or antipegfilgrastim samples were tested for
G-CSF-neutralizing activity. An additional assay was used to
detect antidrug antibodies specifically against albumin domain
in balugrastim-treated patients.

Adverse events (AEs) were continually monitored by the
investigators throughout the course of the study, and an
independent data safety monitoring committee periodically
reviewed safety data after 60 subjects, 120 subjects, and 180
subjects completed cycle 1 of chemotherapy. AEs were
reported from the start of study drug administration until 30 days
after the last injection, summarized by type and frequency, and
categorized using the Medical Dictionary for Regulatory Activities
(version 11.1) system of organ classification. The investigator
evaluated all AEs based on seriousness, causality (relationship to
study drug), and grade using the National Cancer Institute
Common Terminology Criteria for Adverse Events (version 3.0).

Statistical Analysis
Asample size of at least 75 patients per treatment arm was chosen
to provide 87% or greater power to establish noninferiority of
balugrastim compared with pegfilgrastim with regard to the
primary efficacy parameter, mean DSN in cycle 1. Sample size
calculations included an estimate of 1.6 days as the within-
treatment SD of cycle 1 DSN and a =20% dropout rate. All
statistical analyses were performed using the SAS system.
Noninferiority tests for cycle 1 DSN were performed on
the per-protocol population (randomized patients with no
protocol violations that could affect the primary efficacy
parameter; violations occurring after the measurement of
DSNin cycle 1 were not considered relevant). Noninferiority
tests were based on confidence intervals (Cls) for differ-
ences in mean DSN estimated by bootstrap resampling and
stratified by previous chemotherapy and weight. Relative to
pegfilgrastim, the noninferiority of balugrastim was estab-
lished if either of the following conditions was met: the null
hypothesis that the mean cycle 1 DSN for balugrastim
exceeded the mean cycle 1 DSN for pegfilgrastim by at least
1 day was rejected if the 95% 2-sided Cl for the differencein
mean cycle 1 DSN was lessthan 1 day (1-sided &« = 0.025) for
both balugrastim treatment groups, or the null hypothesis
that the mean cycle 1 DSN for balugrastim exceeded the
mean cycle 1 DSN for pegfilgrastim by at least 1 day was
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rejected if the 97.5% 2-sided Cl for the difference in mean
cycle 1 DSN was less than 1 day (1-sided « = 0.0125) for
either balugrastim treatment group.

All other efficacy analyses were performed on the per-
protocol population and modified intent-to-treat (mITT) pop-
ulation (all randomized patients who received =1 dose of
assigned study drug), and safety analyses were performed on the
mITT population. Mean DSN (cycles 2—4), mean time to ANC
recovery (ANC >1.5 X 109/L), and ANC nadir were assessed using
conventional methods for calculating 95% Cls. As appropriate, the
X’ or Fisher’s exact test was used for testing differences in the
incidence of FN and severe neutropenia (grade 4) and grade 3/4
neutropenia among treatment groups. All tests of treatment
effects were conducted at a 2-sided « level of 0.05.

PK analyses were performed on the PK population (all
randomized patients who had =1 PK sample collected;
population eliminated those patients with insufficient data
points and those with predose balugrastim serum concentra-
tions >5% of C.x). The complete PK population was a subset
of the PK population and included only those with a definable
t1/2, elim- IMMunogenicity was assessed in the mITT population.

RESULTS

Patient Disposition
The study was conducted at 45 sites located in Russia (31
locations) and Ukraine (14 locations) between August 2008
and June 2009. Of the 256 patients enrolled (40 mg of
balugrastim, n = 86; 50 mg of balugrastim, n = 84; pegfilgrastim,
n = 86), 238 (93%) completed. One patient randomized to
40 mg of balugrastim was withdrawn before receiving study
drug and was excluded from the mITT and per-protocol popu-
lations. The most common reasons for not completing the
study were withdrawal of consent (n = 4,40 mg of balugrastim;
n = 2, 50 mg of balugrastim; n = 1, pegfilgrastim) and AEs
(40 mg of balugrastim, death caused by malignant neoplasm
progression [n = 1] and discontinuation because of cyclothy-
mic disorder [n = 1]; 50 mg of balugrastim, discontinua-
tion because of elevation of liver enzymes [n = 1]; and
pegfilgrastim, death because of pulmonary edema [n = 1])
(Fig. 2). No AEs resulting in study withdrawal were considered
by the investigators to be related to study drug. The per-
protocol and mITT populations were identical.

All 255 patients were white and the majority were female
(n = 1, male; Table 1). Treatment groups were comparable
at baseline for age, weight, body surface area, and ECOG
performance status. Metastatic disease was present in
22%-33% of patients in the balugrastim treatment groups
and in 28% of patients in the pegfilgrastim group.

Efficacy

The primary efficacy parameter, DSN in cycle 1, was
comparable in the 40-mg-balugrastim, 50-mg-balugrastim,
and pegfilgrastim treatment groups (mean 1.0, 1.3, and
1.2 days, respectively [p = .704]; Table 2). The 95% and
97.5% 2-sided Cls for differences between balugrastim and
pegfilgrastim for cycle 1 DSN were less than 1 day for both
balugrastim doses, thereby establishing noninferiority of
balugrastim to pegfilgrastim for the primary efficacy param-
eter.The upper limit of the 95% 2-sided Cl for the difference
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Figure 2. Patient disposition.

Abbreviations: ITT, intent to treat; PI, principal investigator; PK, pharmacokinetic.

Table 1. Summary of baseline patient demographic and breast cancer characteristics (modified intent-to-treat population)

Balugrastim

Characteristic® 40 mg (n = 85) 50 mg (n = 84) Pegfilgrastim (6 mg, n = 86)
Age, years 49.2 £9.9 49.8 £ 9.6 50.3 £ 9.1
Height, cm 162.0 = 6.0 163.1 + 6.4 161.5* 6.4
Weight, kg 73.9 £ 145 74.8 = 13.2 745 + 14.4
BSA, kg/m2 1.8 +0.2 1.8 0.2 1.8 0.2
Sex, n (%)

Female 85 (100) 83 (98.8) 86 (100)

Male 0(0) 1(1.2) 0(0)
White, n (%) 85 (100) 84 (100) 86 (100)
ECOG status, n (%)

0 50 (58.8) 52 (61.9) 53 (61.6)

1 34 (40) 31(36.9) 33(38.4)

2 1(1.2) 1(1.2) 0(0)
Time since histologic diagnosis, years 0.85+2.3 0.67 = 1.54 0.88 + 2.40
Patients with metastases, n (%) 19 (22.4) 28 (33.3) 24 (27.9)

®Mean value =* SD, unless noted.

Abbreviations: BSA, body surface area; ECOG, Eastern Cooperative Oncology Group.

between the 40-mg-balugrastim group and the pegfilgrastim
group was 0.15 days, and the difference between the 50-mg-
balugrastim group and the pegfilgrastim group was 0.41 days.
The upper limit of the 97.5% Cl versus pegfilgrastim was
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0.21 days for 40 mg of balugrastim and 0.46 days for 50 mg

of balugrastim.

The DSN in cycle 1 was similar across the =50-, <80-, and
=80-kg patient subgroups in all treatment groups. Of the 3
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Table 2. Duration andincidence of severe neutropenia and grade 3/4 neutropenia for chemotherapy cycles 1 through 4 (modified

intent-to-treat population)

Balugrastim
Parameter 40 mg 50 mg Pegfilgrastim (6 mg) p value
Mean DSN = SD, days
Cycle 12 1.0 = 1.1(n = 84) 1.3+ 1.2(n=84) 1.2+ 1.3 (n = 86) .704
Cycle 2 0.5+ 0.8 (n = 83) 0.4 * 0.8 (n = 84) 0.5+ 0.9 (n = 84) 486
Cycle 3 0.4+ 0.8 (n = 82) 0.5+ 1.0 (n = 81) 0.4 * 0.7 (n = 84) .299
Cycle 4 0.4+ 0.8 (n = 79) 0.6 * 1.1 (n = 79) 0.6 * 1.0 (n = 84) 615
Severe neutropenia, n (%)
Cycle 1 50/85 (58.8) 55/84 (65.5) 50/86 (58.1) .559
Cycle 2 27/83 (32.5) 24/84 (28.6) 28/85 (32.9) .797
Cycle 3 18/82 (22.0) 23/80 (28.8) 23/84 (27.4) .596
Cycle 4 16/79 (20.3) 24/79 (30.4) 26/84 (31.0) 229
Mean duration of grade 3/4 neutropenia, days
Cycle 1 1.8+ 1.4(n = 82) 2.1+1.4(n=82) 2.0 + 1.6 (n = 85) .833
Cycle 2 1.0 = 1.1(n = 83) 1.0+ 1.2 (n = 84) 1.3+ 1.6(n = 84) 215
Cycle 3 1.0+ 1.2 (n = 82) 1.1+ 1.4 (n = 80) 1.0+ 1.2 (n = 84) 617
Cycle 4 0.8+ 1.2 (n=79) 1.2+ 15(n=79) 1.2 = 1.5(n = 84) .827
Grade 3/4 neutropenia, n (%)
Cycle 1 66/85 (77.6) 70/84 (83.3) 67/86 (77.9) .586
Cycle 2 44/83 (53.0) 43/84 (51.2) 49/85 (57.6) .684
Cycle 3 40/82 (48.8) 44/80 (55.0) 43/84 (51.2) .797
Cycle 4 31/79 (39.2) 44/79 (55.7) 42/84 (50.0) 113

#Primary outcome.
Abbreviation: DSN, duration of severe neutropenia.

patients in the <50 kg subgroup, 2 who were treated with
balugrastim did not develop severe neutropenia, and 1 who was
treated with pegfilgrastim had a DSN of 3 days during cycle 1.

Compared with cycle 1,the mean durationandincidence of
severe neutropenia were reduced during cycles 2—4 (Table 2).
The mean duration and incidence of grade 3/4 neutropenia
also were shorter in cycles 2—4 than in cycle 1 (Table 2). There
were no significant treatment effects related to the duration or
incidence of severe neutropeniain any chemotherapy cycle for
the doses evaluated.

No significant difference was observedin the proportion
of patients experiencing FN during cycle 1 (3.5%, 40 mg of
balugrastim; 6.0%, 50 mg of balugrastim; 2.3%, pegfilgrastim;
p = .398). Three additional patients experienced FN during
cycles 2 through 4: 2 in the 40-mg-balugrastim group and 1 in
the pegfilgrastim group. The treatment effect was not significant
in any chemotherapy cycle.

In cycle 1, no significant treatment effects occurred in
time to ANC nadir and depth of nadir. The mean ANC nadirin
cycle 1 ranged from 0.6 X 10%/L to 0.7 X 10°/L, which was
reached at a mean of approximately 6.5 days across all
treatment groups (Fig. 3; Table 3). In cycle 1, patients
treated with 40 and 50 mg of balugrastim had a significantly
shorter time to ANC recovery from nadir compared with
patients treated with pegfilgrastim (2.0 and 2.1 days,
respectively, vs. 2.6 days; p = .005). Within cycles 2—4, no
significant differences were noted for any parameter
(Table 3). Across treatment cycles, the mean values were
consistent with the results in cycle 1.
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Overallsurvival atthe end of the 1-year follow-up period was
91.8%, 84.5%, and 90.7% for the 40-mg-balugrastim, 50-mg-
balugrastim, and pegfilgrastim groups, respectively. No appar-
ent differences were observed between treatment groups for
new antitumor therapy, tumor response, or time to death.

Pharmacokinetics

The mean C,,,.x (coefficient of variation [CV%)]) for 40 and 50 mg
of balugrastim was 875 (76.3%) and 975 (74.1%) ng/mL,
respectively. The mean C,ax (CV%) for pegfilgrastim was 164
(63.0%) ng/mL, and the median T,,,.x Was approximately 24 hours
foralltreatment groups. The median terminal phase t; /3, cjim Was
37.4, 35.5, and 45.3 hours for the 40-mg-balugrastim, 50-mg-
balugrastim, and pegfilgrastim groups, respectively. Mean
estimates for CL/F were 1.34 and 1.18 L/hour for the 40-mg
and 50-mg balugrastim groups, respectively, and 0.613 L/hour
for the pegfilgrastim group. Mean estimates for Vz/F were 80.1,
69.2, and 39.7 L for the 40-mg-balugrastim, 50-mg-balugrastim,
and pegfilgrastim groups, respectively.

Safety

There was no consistent relationship between the incidence of
AEs and balugrastim dose (Table 4), but the proportion of
patients with grade 4 AEs was higher in the 50-mg-balugrastim
group (46.4%) than in the other treatment groups (34.1%,
40 mg of balugrastim vs. 36.0%, pegfilgrastim). During the study,
1 patient randomized to the 40-mg-balugrastim group and 1
patient randomized to the pegfilgrastim group died because
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Figure 3. Mean ANC and study drug serum concentration-time profiles for balugrastim (40 and 50 mg) and pegfilgrastim (6 mg) during

chemotherapy cycle 1.

Abbreviations: ANC, absolute neutrophil count; Conc, concentration.

Table 3. ANC nadir, time to ANC nadir, and time to recovery for chemotherapy cycles 1 through 4 (modified

intent-to-treat population)

Balugrastim
Parameter 40 mg (n = 85) 50 mg (n = 84) Pegfilgrastim (6 mg, n = 86) p value
Mean ANC nadir + SD, 10°/L
Cycle 1 0.7 = 0.88 0.6 = 0.68 0.7 = 1.04 423
Cycle 2 1.3 *1.20 1.3 *£1.18 1.4*154 .997
Cycle 3 1.4 *131 1.2 £1.04 1.4 *£1.23 .630
Cycle 4 1.6 £1.42 1.3*1.19 1.4 %132 .373
Mean time to ANC nadir = SD, days
Cycle 1 6.4 +1.38 6.7 = 2.62 6.5 = 2.05 .610
Cycle 2 7.0+ 294 7.3 =3.40 7.2 =298 .784
Cycle 3 6.8 * 2.65 7.4 *+3.73 7.8 =3.59 418
Cycle 4 7.6 *3.87 7.6 =3.93 7.8 =3.85 .909
Mean time to ANC recovery = SD, days
Cycle 1 2.0 =0.94 2.1 *+1.03 2.6 =1.23 .005
Cycle 2 1.8 = 0.80 1.8 £1.11 21 *+1.24 .332
Cycle 3 1.9 *£1.08 2.2 *+1.22 1.8 £0.79 .137
Cycle 4 1.9 = 0.85 2.1 *+1.16 2.1 £ 1.27 .552

Abbreviation: ANC, absolute neutrophil count.

of malignant neoplasm progression and pulmonary edema,
respectively. Serious AEs (SAEs) occurred in 6 and 8 patients in
the 40- and 50-mg-balugrastim groups, respectively, and in 6
patients treated with pegfilgrastim. Reported SAEs included
febrile neutropenia (n = 4), neutropenia (n = 1), malignant
neoplasm progression (n = 1), cyclothymic disorder (n = 1),
and uretic calculus (n = 1) in the 40-mg-balugrastim group;
febrile neutropenia (n = 5) and bronchitis (n = 1) in the
50-mg-balugrastim group; and febrile neutropenia (n = 3),
pyrexia (n = 1), abdominal wall abscess (n = 1), pneumonia
(n = 1), and pulmonary edema (n = 1) in the pegfilgrastim
group. Of the patients treated with balugrastim, 2 withdrew
because of AEs (1 patient with cyclothymic disorder, 40 mg of

©AlphaMed Press 2016

balugrastim, and 1 patient with elevated liver enzymes, 50 mg
of balugrastim). Two additional patients were withdrawn from
study because of death, as described above.

Complete blood count (CBC) and serum chemistry
parameters were similar across treatment groups. Frequency
distributions for the worst postbaseline grade were not signifi-
cantly different for any CBC or serum chemistry parameter.

Immunogenicity

Immunogenicity was assessed in 169 patients treated with
either balugrastim dose and in 86 patients treated with
pegfilgrastim during the phase lll portion of the 2-phase study.
Antibodies to balugrastim were detected in two balugrastim-

O?fi?ologisf



Gladkov, Moiseyenko, Bondarenko et al.

13

Table 4. Treatment drug-related adverse events reported in at least 10% of patients in any treatment group categorized by
common terminology criteria grade (modified intent-to-treat population)

Balugrastim

40 mg (n = 85) 50 mg (n = 84) Pegfilgrastim (6 mg, n = 86)
Event, n (%) Grade 1/2 Grade 3/4 Grade 1/2 Grade 3/4 Grade 1/2 Grade 3/4
Alopecia 63 (74.1) 0 59 (70.2) 0 48 (55.8) 0
Neutropenia 5(5.9) 40 (47.1) 4(4.8) 39 (46.4) 4(4.7) 35(40.7)
Nausea 33(38.8) 0 36 (42.9) 1(1.2) 40 (46.5) 2(2.3)
Asthenia 23(27.1) 2(2.4) 19 (22.6) 4(4.8) 27 (31.4) 1(1.2)
Leukopenia 4(4.7) 18 (21.2) 4(4.8) 19 (22.6) 5(5.8) 18 (20.9)
Anemia 15 (17.6) 1(1.2) 11(13.1) 3(3.6) 12 (14.0) 2(2.3)
Fatigue 14 (16.5) 0 10 (11.9) 2(2.4) 12 (14.0) 1(1.2)
Bone pain 11 (12.9) 0 14 (16.7) 1(1.2) 11 (12.8) 1(1.2)
Anorexia 12 (14.1) 0 12 (14.3) 0 8(9.3) 0
Thrombocytopenia 8(9.4) 1(1.2) 8(9.5) 6(7.1) 9(10.5) 2(2.3)
Diarrhea 7(8.2) 1(1.2) 13 (15.5) 0 10 (11.6) 1(1.2)
Vomiting 11(12.9) 0 9(10.7) 1(1.2) 10 (11.6) 1(1.2)
Headache 7(8.2) 2 (2.4) 8(9.5) 1(1.2) 12 (14.0) 0
Erythema 9(10.6) 0 5(6.0) 0 7(8.1) 0

treated patients, and antibodies to pegfilgrastim were detected
in one pegfilgrastim-treated patient. Antibody titers in both
balugrastim- and pegfilgrastim-treated patients did not increase
over time. None of the binding antibody-positive samples were
neutralizing in the cell-based assay. In addition, low-titer, transient,
drug-induced antibodies against the albumin domain of balu-
grastim were detected in six balugrastim-treated patients.

DiscussIoN

Based on prospectively defined criteria, this study demon-
strated thatasingle fixed-dose of 40 or 50 mg of balugrastimis
not inferior to 6 mg of pegfilgrastim in reducing DSN during
chemotherapy cycle 1 in breast cancer patients receiving
doxorubicin and docetaxel. A 1-day difference in DSN would
be anticipated to result in an approximate 10% difference in
FN and was therefore selected in the present study and in
previous pegfilgrastim versus filgrastim noninferiority stud-
ies as a meaningful and practical noninferiority margin [11,
22,23].The DSN ranged from 1.0to 1.3 days across treatment
groups during cycle 1, and the upper limits of the 95% and
97.5% 2-sided Cls for the differences among treatment
groups were all less than 1 day; therefore, the null hypothesis
that the difference between balugrastim and pegfilgrastim
was at least 1 day was rejected.

The 40- and 50-mg-balugrastim doses were selected for
evaluation based onaphasell, sequential dose-escalation pilot
study of once-per-cycle 30,40, and 50 mg of balugrastim versus
6 mg of pegfilgrastim in breast cancer patients receiving
chemotherapy with doxorubicin and docetaxel [21]. The phase
Il study suggested that, compared with pegfilgrastim, 40 and
50 mg of balugrastim provided similarly effective prophylac-
tic neutrophil support in breast cancer patients receiving
myelosuppressive chemotherapy. These findings were con-
firmed in the current phase Il study.

Balugrastim treatment also was associated with a
significantly shorter time to ANC recovery in cycle 1 versus
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pegfilgrastim; however, recovery time was comparable
between study drugs in cycles 2—4. No significant differ-
ences were noted between balugrastim and pegfilgrastim
for any other secondary parameters in cycles 1-4.

Previous clinical studies have reported that primary
prophylaxis with pegfilgrastim is as effective as filgrastim
in reducing neutropenia and associated complications
throughout a four-cycle course of doxorubicin and docetaxel
chemotherapy [11]. Significant findings that favored
pegfilgrastim over filgrastim, including DSN in cycles 2—-4 and
lower overall rates of FN, were reported, and trends toward
higher nadir counts and a lower incidence of severe neutropenia
also were noted. It was presumed that constant stimula-
tion of neutrophils with longer-acting pegfilgrastim may be
involved in such observations [11].

Previous studies have demonstrated a DSN of approxi-
mately 3.8 days in cycle 1 for breast cancer patients not
treated with G-CSF during chemotherapy with doxorubicin
and docetaxel [24]. Treatment with 6 mg of pegfilgrastim has
demonstrated a decrease in DSN in cycle 1, with values
ranging from 1.3 to 1.8 days, which is consistent with the
values observed for pegfilgrastim during cycle 1 of the
present study (1.2 days) [10, 11, 23].

The design of the current study was consistent with
previous studies designed to demonstrate noninferiority of
pegfilgrastim compared with filgrastim for the provision of
neutrophil support in patients with breast cancer receiving
chemotherapy with doxorubicin and docetaxel [11, 23]. The
breast cancer patient population selected for this study had a
greater than 20% risk of developing FN during chemotherapy
with doxorubicin and docetaxel and represented the target
population for G-CSF support [6, 14, 15].

Because of concerns that fixed G-CSF dosing may not be as
clinically beneficial for heavier patients because of a decreased
overall per-kg dose, a previous study stratified patients treated
with pegfilgrastim by weight and demonstrated comparable
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DSNs in both heavier and lighter patients [23]. Similarly, in the
current study, weight did not affect DSN in the balugrastim or
pegfilgrastim treatment groups. However, because of relatively
small sample sizes within weight strata, differencesin mean DSN
were not expected to be statistically significant.

Compared with filgrastim, which has an elimination t;/, of
approximately 3.5 hours [16], the present study indicated that
the median extended elimination t;/, of 40 mg of balugrastim
(=37 hours) was sufficient to support once-per-cycle admin-
istration in patients receiving chemotherapy with doxorubicin
and docetaxel. Although the median elimination t;;, of
balugrastim was shorter than that of pegfilgrastim (45 hours),
similar efficacy in terms of neutrophil support was clearly
demonstrated in the balugrastim and pegfilgrastim treatment
groups.

Balugrastim was well tolerated and, in general, the safety
profiles of balugrastim and pegfilgrastim were comparable.
The type and frequency of AEs were consistent with the
underlying medical condition, and the safety profile was
associated with that for chemotherapy with doxorubicin and
docetaxel. The most common drug-related AEs, which included
bone pain and asthenia, were expected with a G-CSF product
[23, 24]. Although no apparent relationship existed between
the incidence of AEs and the balugrastim dose, the proportion
of patients with grade 4 AEs was higher in the 50-mg-
balugrastim group. A dose of 40 mg of balugrastim also tended
to perform better than the 50-mg dose for several efficacy
parameters, including DSN and incidence of FN in cycle 1 and
for severe neutropenia, suggesting that the 40-mg dose has a
better benefit:risk profile.

Antibalugrastim binding antibodies were detected in two
patients, and antipegfilgrastim binding antibodies were
detected in one patient. Thus, the incidences of antibalugras-
tim or antipegfilgrastim binding antibodies were comparable
between treatment groups. Antidrug antibody responses had
low antibody titers and were negative for neutralizing activity.

Balugrastim Versus Pegfilgrastim in Breast Cancer

Olga N. Burdayeva (Arkhangelsk, Russia), Mikhail Yu
Biakhov (Moscow, Russia), Nina A. Chekha (Magnitogorsk,
Russia), Sergey V. Cheporov (Yaroslavl, Russia), Leonid P.
Chybisov (Lugansk, Ukraine), Irina S. Davidenko (Krasnodar,
Russia), Igor G. Drobner (Khmelnytsky, Ukraine), Oleksandr
S. Dudnichenko (Kharkiv, Ukraine), Mikhail A. Gershanovich
(St. Petersburg, Russia), Viktor E. Goldberg (Tomsk, Russia),
Evegeny A. Gotovkin (lvanovo, Russia), Mikhail V. Kopp
(Samara, Russia), Volodymyr G. Komisarenki (Kryvyi Rih,
Ukraine), Oleksiy O. Kovalyov (Zaporizhya, Ukraine), Dmetriy
A. Krasnozhon (St. Petersburg, Russia), Olga V. Lazarevich
(Republick of Karelia, Russia), Anatoly N. Makhson (Moscow
Region, Russia), Alexey G. Manikhas (St. Petersburg, Russia),
Marina P. Matrosova (Nizhny Novgorod, Russia), Elena I.
Matyushina (Syktyvkar, Russia), Vladimir V. Milovanov
(Tambov, Russia), Dmytro V. Myasoyedov (Kyiv, Ukraine),
Sergei V. Orlov (St. Petersburg, Russia), Alexander P.
Pecheniy (Orel, Russia), Sergiy E. Polenkov (Chernihiv,
Ukraine), Genady G. Psaras (Marinupol, Ukraine), Sufia Z.
Safina (Kazan, Russia), Igor E. Sedakov (Donetsk, Ukraine),
Vladimir F. Semiglazov (St. Petersburg, Russia), Roman V.
Senyutovich (Chernivtsi, Ukraine), Sergei A. Shinkarev
(Lipetsk, Russia), Marina V. Shomova (Ryazan, Russia),
Yaroslav V. Shparyk (Lviv, Ukraine), Eldar E. Topuzov (St.
Petersburg, Russia), Sergei A. Tjulandin (Moscow, Russia),
Dmitry P. Udovitsa (Krasnodar Krai, Russia), Vladimir I.
Vladimirov (Stavropol Territory, Russia), and Igor V.
Zhulkevych (Ternopil, Ukraine). The authors also thank
Laurie Pukacfor herexpertreview of theimmunogenicity
data. This study was sponsored by Teva Branded Pharma-
ceutical Products R&D, Inc. Medical writing assistance
was provided by Lisa Grauer, of Chameleon Communica-
tions and Lisa Feder, of Peloton Advantage LLC and
was funded by Teva Branded Pharmaceutical Products
R&D, Inc. (Frazer, PA). Teva provided a full review of the
article.

CONCLUSION

At doses of 40 and 50 mg, balugrastim administered once per
cycleis notinferior to pegfilgrastiminreducing DSNincycle 1in
breast cancer patients receiving myelosuppressive chemo-
therapy. Once-per-cycle balugrastim is an effective alternative
to pegfilgrastim for hematopoietic support in patients with
breast cancer receiving myelosuppressive chemotherapy
associated with a greater than 20% risk of FN, with a safety
profile comparable to that of pegfilgrastim.
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