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of vomiting), and none grade 4. Of the 16 AEs reported 
in seven (70.0  %) pegfilgrastim-treated patients, 87.5  % 
were grade 1, 6.3  % were grade 2, 6.3  % were grade 3 
(one AE of thrombocytopenia), and none were grade 4. 
Overall, there were six bone pain AEs reported, one in the 
balugrastim 300  µg/kg group and five in the balugrastim 
450 µg/kg group. No AEs in either study necessitated treat-
ment interruption/discontinuation. The incidence and dura-
tion of grade 3–4 neutropenia were similar between balu-
grastim- and pegfilgrastim-treated patients.
Conclusions  Balugrastim was well tolerated in this small 
population of breast cancer patients.

Keywords  Balugrastim · Breast cancer · Chemotherapy · 
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Introduction

Neutropenia, a decrease in the levels of neutrophils in the 
peripheral blood, is commonly observed in cancer patients 
receiving myelosuppressive chemotherapy and is associ-
ated with an increased risk of serious or life-threatening 
infections. Therefore, neutropenia has been identified as a 
major dose-limiting toxicity for many cytotoxic chemother-
apy regimens and may necessitate delaying a subsequent 
cycle of chemotherapy [1]. Taxanes and anthracyclines 
are widely used chemotherapeutic agents for treatment of 
both early and advanced breast cancer [2]. For breast can-
cer patients who receive doxorubicin and docetaxel, a mean 
duration of severe neutropenia, generally defined as an 
absolute neutrophil count (ANC) <0.5 × 109/L of 3.8 days 
during the first chemotherapy cycle, has been reported [3], 
with previous studies demonstrating that 33 to 48  % of 
patients develop febrile neutropenia [4, 5].

Abstract 
Purpose  To evaluate safety of balugrastim, a recombinant 
human serum albumin and granulocyte colony-stimulating 
factor (G-CSF), administered over a range of therapeutic 
doses in women with breast cancer receiving doxorubicin 
plus docetaxel chemotherapy.
Methods  The phase I, sequential dose-escalation first seg-
ment compared subcutaneous balugrastim 50, 150, 300, 
and 450 µg/kg during chemotherapy cycles 0–2. The ran-
domized (2:2:1), open-label, phase IIa second segment 
compared balugrastim 300 or 450 µg/kg with pegfilgrastim 
6 mg during chemotherapy cycles 1 and 2.
Results  In the phase I segment, balugrastim was escalated 
to 450 µg/kg in 13 patients without dose-limiting toxicity. 
Three (9.7 %) of the 31 adverse events (AEs) reported in 
nine patients were grade 3 (agranulocytosis, vomiting, 
hypertension); none was grade 4. In the open-label phase 
IIa segment (N = 51), the majority of the 64 AEs reported 
in 31 (75.6  %) balugrastim-treated patients were grade 
1 (59.4 %), with 39.1 % grade 2, 1.6 % grade 3 (one AE 
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Recombinant granulocyte colony-stimulating factors 
(G-CSFs) induce neutrophil proliferation and differentia-
tion and enhance the effector function of mature neutro-
phils, reducing the duration and incidence of chemother-
apy-induced neutropenia and febrile neutropenia [6, 7]. 
Standard G-CSFs such as filgrastim require daily subcuta-
neous injections, while longer-lasting G-CSFs require less 
frequent dosing, presenting a more convenient alternative 
for patients. Pegfilgrastim (Amgen, Thousand Oaks, CA, 
USA) is a covalent conjugate of recombinant methionyl 
human G-CSF (filgrastim) and monomethoxypolyethylene 
glycol used to decrease the incidence of infection, as mani-
fested by febrile neutropenia, in patients with non-myeloid 
malignancies receiving myelosuppressive anti-cancer drugs 
[8]. The addition of the PEG moiety extends the elimina-
tion half-life, allowing for once-per-cycle dosing [9].

Balugrastim (Teva Pharmaceutical Industries, Ltd., Net-
anya, Israel) was developed as a long-acting recombinant 
human G-CSF human serum albumin using a proprietary 
recombinant DNA expression process and is expressed in a 
highly engineered yeast strain, Saccharomyces cerevisiae. 
Albumin was chosen as a carrier because it is the most nat-
urally occurring blood protein and due to its long half-life 
(approximately 19 days in humans) [10]. This technology 
has allowed for the design of a long-lasting agent suitable 
for once-per-cycle administration. This paper reports safety 
data from a phase I/IIa study of balugrastim administered 
to breast cancer patients scheduled to receive doxorubicin 
plus docetaxel. The primary objectives were to evaluate the 

safety profile of balugrastim administered over a range of 
potential therapeutic doses (phase I); and to compare the 
safety profile of balugrastim at doses confirmed to be safe 
in the phase I portion of the study with that of pegfilgrastim 
(active moiety filgrastim; phase IIa). Efficacy, pharmacoki-
netics (PK), and immunogenicity measures also were col-
lected throughout the study.

Materials and methods

Study design and treatment

This 2-phase study comprised phase I and phase IIa por-
tions (Fig.  1) conducted at three centers in Hungary and 
Poland between May 2007 (first patient visit) and Septem-
ber 2008 (last patient visit).

Phase I, an open-label, sequential dose-escalation study, 
comprised four dose cohorts (balugrastim 50, 150, 300, 
or 450  µg/kg administered subcutaneously), with three 
patients planned for each group. Patients received balu-
grastim at least 2 weeks before the start of chemotherapy 
(cycle 0), for an initial assessment of safety and effects on 
ANC. Chemotherapy consisted of doxorubicin 50  mg/m2 
and docetaxel 75 mg/m2 administered sequentially by intra-
venous infusion on day 1 of a 21-day cycle for up to two 
cycles. After a minimum follow-up of 2  weeks, patients 
within a given dose cohort could receive the same dose of 
balugrastim the day following chemotherapy in cycles 1 

Fig. 1   Study design
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and 2 if there were no dose-limiting adverse events (AEs) 
considered by study physicians to be related to balugrastim 
in cycle 0, and the patient continued to meet all eligibility 
criteria.

Within each cohort, initial study drug administration to 
each patient was separated by a minimum of 24 h, to allow 
monitoring for acute AEs. The decision to proceed to the 
next dose level was based on a review of the safety data for 
at least 7  days after the initial dose within the preceding 
dose cohort. If none of the three patients at a given dose 
experienced a dose-limiting toxicity (DLT), dose escalation 
would continue, with the enrollment of three new patients 
at the next dose level. A DLT was defined as any grade 2 
or higher clinically significant AE considered by the inves-
tigator to be possibly, probably, or definitely related to the 
study agent, with the exception of grade 2 medullary bone 
pain. If one of three patients in a cohort exhibited evidence 
of a DLT, another three patients were to be recruited at the 
same dose level, for a total of six patients at that dose level. 
If only one of six patients experienced a DLT, dose esca-
lation continued. If two of six patients developed a DLT, 
dose escalation was stopped and no further balugrastim 
treatments were administered. The remaining patients com-
pleted their scheduled safety, PK, and pharmacodynamic 
(PD) evaluations. The duration of phase I was 65  days, 
including follow-up at a minimum of 30 days after cycle 2.

In the open-label, randomized, parallel-group phase IIa 
portion, patients with breast cancer who were scheduled to 
receive doxorubicin plus docetaxel were randomized 2:2:1 
to receive balugrastim 300  µg/kg, balugrastim 450  µg/kg,  
or pegfilgrastim 6  mg once per cycle for two chemother-
apy cycles. At randomization, patients were assigned a 
unique subject number. Randomization was performed by 
two clinical research organizations (Chiltern International, 
Slough, UK, and Nexus, Roslin, UK) using an Internet-
based interaction randomization system (WebEZ; Clinical 
Trial Services, Craigavon, UK). Patients who withdrew 
from the study after randomization retained their subject 
number, and replacement patients were given a new sub-
ject number and received the same treatment assignment 
as the patient being replaced. The duration of phase II was 
21 days plus a minimum follow-up period of 30 days.

Patients were considered treatment failures if they expe-
rienced febrile neutropenia or persistent severe neutrope-
nia (ANC <0.5 ×  109/L for >5 days); such patients were 
removed from the study. Patients also were removed from 
the study if they experienced severe hypersensitivity reac-
tions or nonhematologic toxicities that precluded further 
cycles of chemotherapy. Such patients were to complete 
follow-up, and those with febrile neutropenia or persistent 
severe neutropenia were to receive standard supportive 
care, including growth factor support, at the discretion of 
the investigator.

Inclusion and exclusion criteria

Patients at least 18 years of age with histologically or cyto-
logically confirmed breast cancer, an ANC >1.5 ×  109/L 
and platelet count >100 × 109/L, and scheduled to receive 
chemotherapy with doxorubicin and docetaxel were 
included in this study. Additional inclusion criteria were 
adequate hepatic and renal function (serum creatinine 
<2.0  mg/dL); total bilirubin within normal limits; alanine 
transaminase (ALT) and aspartate transaminase (AST) <1.5 
upper limit of normal (ULN); alkaline phosphatase <2.5 
ULN; eligible to receive doxorubicin based on left ventric-
ular ejection fraction within normal limits; and an Eastern 
Cooperative Oncology Group (ECOG) performance status 
of 0 or 1 [11].

Patients were excluded from the study if they received 
≥1 prior chemotherapy regimen, any chemotherapy or 
immunotherapy ≤4 weeks prior to study entry, or a cumu-
lative anthracycline dose that would preclude two full-dose 
cycles of doxorubicin in this study. In addition, patients 
who had used any nitrosourea (l,3-bis[2-chloroethyl]-l-
nitrosourea, l-[2-chloroethyl]-3-cyclohexyl-nitrosourea, 
or mitomycin-C) within 6  weeks of study chemotherapy 
or any investigational agent during the 30  days before 
randomization were excluded, as were patients who had 
undergone surgery or radiation therapy within the previ-
ous 2 weeks or who had used myeloid (G-CSF or granu-
locyte macrophage colony-stimulating factor) growth fac-
tors within 4 weeks of study chemotherapy. Known brain 
metastases also precluded participation in this study.

Concomitant medications

Permitted concomitant medications included oral corti-
costeroids (for 3  days, starting one day before docetaxel 
administration), prophylactic oral antibiotics (e.g., cip-
rofloxacin) following each course of chemotherapy, and 
antiemetic agents or other premedication (at the discretion 
of the physician). Cytokines, other hematopoietic growth 
factors, and prophylactic antibiotics were not permit-
ted unless prolonged neutropenia or febrile neutropenia 
occurred.

End points

Primary end point: safety

In both phases, safety was assessed by measuring the fre-
quency and National Cancer Institute Common Terminol-
ogy Criteria (CTC) severity grade. Serious AEs (SAEs) 
were defined as life-threatening AEs; AEs that resulted in 
death, hospitalization, or prolongation of hospitalization, 
persistent or significant disability or incapacity, congenital 
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anomaly, or birth defect; or AEs that were otherwise medi-
cally important.

Complete blood count (CBC) with differential was meas-
ured at screening; on days 1, 2, 4, 8, 10, and 14 of cycle 0 
(phase I, prior to chemotherapy); at baseline screening and on 
days −1, 4, 6, 8, 10, 12, and 15 of cycle 1 of phase II; and on 
day −1, once between days 4–6, day 8, once between days 
10–12, and on day 15 of cycles 1 and 2 of phase I and cycle 2 
of phase II. In the event of any grade 4 neutropenia, laboratory 
tests were obtained daily until the ANC was >0.5 × 109/L.

Serum chemistry was assessed at screening; on days 1 and 
8 of cycle 0; on days −1, 8, and 15 of cycles 1 and 2 in phase 
I; at baseline screening and on days −1, 8, and 15 of cycle 1; 
and on days −1, 8, and 15 of cycle 2 in phase II. Urinalysis 
was performed at screening, on day 1 of cycle 0 and day −1 
of cycles 1 and 2 in phase I, as well as at baseline screen-
ing and on day −1 of cycles 1 and 2 of phase II. Vital signs 
were measured at screening, prior to and 1 h after docetaxel 
administration, and prior to and 1 h after study drug adminis-
tration; additional assessments were made if medically indi-
cated. Follow-up assessments, performed 30 days after last 
study dose, included hematology and chemistry evaluation 
and urinalysis, as well as recording any AEs.

Secondary end points: pharmacokinetics, immunogenicity, 
and efficacy

Serum balugrastim concentrations were determined using 
a validated sandwich enzyme-linked immunosorbent assay 
with a lower limit of quantification of 6.3 ng/mL.

Pharmacokinetic parameters were evaluated during cycle 
0 of phase I and cycle 1 of phases I and II. During cycle 
0 of phase I, samples were collected before balugrastim 
administration and 0.5, 1, 3, 6, 24, 72, 168, 216, and 312 h 
after administration. During cycle 1 of both phases I and II, 
samples were collected before balugrastim administration 
and 0.5, 1, 3, 6, 24, 48, 144, and 192 h after administration. 
Pharmacokinetic parameters included maximal serum con-
centration (Cmax), time to Cmax (Tmax), elimination half-life 
(t½, elim), absorption half-life (t½, abs), area under the concen-
tration curve (AUC0−∞), and apparent clearance (CL/F). 
Parameters were calculated for cycle 0 and cycle 1 for bal-
ugrastim dose groups 150, 300, and 450 µg/kg using non-
compartmental modeling techniques, with the exception of 
t½, abs, which was determined using a first-order absorption, 
first-order elimination one-compartment model. Analysis 
was performed with WinNonlin Professional version 5.0.1 
(Pharsight; Sunnyvale, CA).

Immunogenicity was assessed in serum samples col-
lected from patients treated with balugrastim before dosing 
during every cycle of phase I and phase II, and at the end-
of-treatment visit (≥14 days after the last dose), to detect 
antidrug antibodies against balugrastim or anti-albumin 

antibodies. If samples were confirmed positive for anti-
balugrastim antibodies, samples were further character-
ized to determine antibody titer and neutralization activity 
in a cell-based assay. Patients testing/confirmed positive 
for anti-drug antibodies were to have a follow-up sample 
obtained 6 months after the last dose of balugrastim.

Efficacy outcomes including incidence and duration of 
grade 4 neutropenia, incidence and duration of grade 3–4 
neutropenia, nadir ANC, time to nadir ANC, time to ANC 
recovery, and incidence of febrile neutropenia were evalu-
ated in phase II.

Statistical methodology

No strict statistical power requirement was used to select the 
sample size for this study. A study with a power of 80 % to 
demonstrate non-inferiority of balugrastim to pegfilgrastim 
at a significance level of 5  % was calculated to require 
approximately 37 patients per treatment group. The calcu-
lated patient size of 37 per treatment group was considered 
larger than appropriate for a phase I/IIa safety study; there-
fore, smaller sample sizes (n =  20 per balugrastim treat-
ment group and n = 10 per pegfilgrastim group) were used 
in phase II, and efficacy trends were evaluated.

Safety was assessed for all patients who received at least 
one dose of study drug using descriptive statistics; no for-
mal statistical analyses were performed. Efficacy analy-
ses were performed on a modified intent-to-treat (mITT) 
population consisting of all patients who were treated and 
received the correct treatment.

Chi-square tests were used to test for differences in the 
incidence of febrile neutropenia, severe neutropenia, and 
persistent severe neutropenia across treatments. If the Chi-
square test was deemed significant, 95 % confidence inter-
vals (CIs) for relative risk between treatment pairs were 
calculated.

Analysis of variance (ANOVA) techniques were used 
where appropriate. Alternatively, the nonparametric equiva-
lent Kruskal–Wallis test was used to test for differences 
across treatments. If the overall ANOVA/Kruskal–Wallis test 
was deemed significant, individual pairwise differences were 
inspected using either t tests or the Wilcoxon rank sum test, 
as appropriate. Statistical tests were two-sided, with a signifi-
cance level set at 0.05. All statistical analyses were performed 
using the SAS system (SAS Institute, Inc., Cary, NC).

Results

Patients

Thirteen patients were enrolled and completed phase I of 
the study (n = 3 for balugrastim 50, 150, and 450 µg/kg, 
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and n  =  4 for balugrastim 300  µg/kg; Online Resource, 
Supplemental Figure 1A) and 51 were enrolled in phase II 
(n = 20 for balugrastim 300 µg/kg, n = 21 for balugrastim 
450 µg/kg, and n = 10 for pegfilgrastim; Online Resource, 
Supplemental Figure 1B). One patient in the phase II bal-
ugrastim 300-µg/kg group was discontinued because of a 
protocol violation when the patient was given epirubicin 
instead of doxorubicin. Nine additional patients across both 
phases had protocol violations that called for discontinua-
tion but were allowed to remain on study. These included 
three patients with severe neutropenia (ANC <0.5 × 109/L) 
for at least 5  days and one patient with hypertension in 
phase I, and three patients with severe neutropenia for at 
least 5  days, one patient who received epirubicin instead 
of doxorubicin, and one patient with febrile neutropenia in 
phase II. All enrolled patients were included in the ITT and 
safety analyses.

Patient demographics are summarized in Table  1. All 
participants in both phases of the study were white women. 
Cancer stages ranged from IIA to IV in both phases, but 
the phase I study had a larger proportion of patients 
with stage II disease. In phase II, more patients treated 
with balugrastim than pegfilgrastim had received prior 
chemotherapy.

Safety

Overall, balugrastim was well tolerated in this patient pop-
ulation. The most commonly reported AEs by body sys-
tem for patients treated with balugrastim 300 µg/kg, balu-
grastim 450 µg/kg, and pegfilgrastim 6 mg (phases I and II 
combined) are summarized in Table 2.

Phase I: adverse events

No DLTs were observed during phase I, and the balu-
grastim dose was successfully escalated to 450  µg/kg. Of 
the 31 reported AEs, 16 (51.6  %) were CTC grade 1, 12 
(38.7 %) were grade 2, and three (9.7 %) were grade 3; no 
grade 4 AEs occurred. The three grade 3 events included 
agranulocytosis and vomiting in one patient treated with 
balugrastim 150  µg/kg, and hypertension in one patient 
treated with balugrastim 450  µg/kg. One patient experi-
enced the only two SAEs, consisting of severe vomiting 
and moderate vomiting in two consecutive chemotherapy 
cycles, both resulting in hospitalization. None of the events 
necessitated treatment interruption or discontinuation.

The safety of balugrastim in the absence of chemo-
therapy was assessed by considering AEs occurring dur-
ing cycle 0. Four patients experienced six AEs during this 
pre-chemotherapy cycle, two patients in the balugrastim 
300 µg/kg group (urinary tract infection, grade 1 and 
pyrexia, grade 1), two patients in the balugrastim 450 µg/kg  

group (one patient with two events of grade 2 bone pain 
and one of grade 2 headache, and one patient with grade 3 
hypertension). All events were resolved with concomitant 
medication.

Phase II: adverse events

Of the 64 events reported in the  balugrastim  and pegfil-
grastim groups, only two events were grade 3: vomiting 
in the balugrastim 450 µg/kg group and thrombocytopenia 
in the pegfilgrastim group (Table 2). Two SAEs requiring 
hospitalization were reported in the balugrastim 450 µg/kg 
group (severe vomiting and febrile neutropenia). Pain was 
the most frequently occurring AE (five events; one grade 
1 and four grade 2) in four (9.8  %) balugrastim-treated 
patients. No AE required treatment interruption or discon-
tinuation. No deaths were related to AEs.

Phase I and II: effects on laboratory parameters, 
chemistry, and vital signs

White blood cell (WBC) counts and ANC in balugrastim-
treated patients increased during study phase I, peaking 
between days  2 and 6 and returning to baseline between 
days  14 and 15. During cycles 0 and 1 of study phase I, 
all patients (n = 13) recorded grade 0 results for WBC at 
baseline. During chemotherapy cycle 1, five patients expe-
rienced grade 3 and three patients experienced grade 4 
WBC results. During cycle 2, of the 11 patients with grade 
0 WBC at baseline, two experienced grade 2, eight experi-
enced grade 3, and one experienced grade 4 WBC results. 
Of the two patients with grade 1 WBC at baseline of cycle 
2, one experienced grade 2 and one experienced grade 4 
WBC results. Absolute neutrophil counts were graded at 0 
for 12 patients and graded at 1 for one patient at baseline 
of chemotherapy cycle 0, study phase I. No deterioration 
of ANC grades was noted during cycle 0. All 13 patients 
began cycles 1 and 2 with grade 0 ANC. During cycle 1, 
two patients experienced grade 2, five experienced grade 3, 
and six experienced grade 4 ANC results. During cycle 2, 
one patient experienced grade 2, two experienced grade 3, 
and ten experienced grade 4 ANC results.

Patients treated with balugrastim and pegfilgrastim during 
phase II experienced peak levels of WBC and ANC between 
days 4 and 6, which decreased and fell below baseline levels 
between days 6 and 8 and returned to approximate baseline 
levels between days 10 and 12 (Fig.  2). Of the 41 patients 
treated with balugrastim with grade 0 WBC at baseline of cycle 
1, study phase II, three remained at grade 0, six experienced 
grade 1, 13 experienced grade 2, 14 experienced grade 3, and 
five experienced grade 4 WBC results during cycle 1. At base-
line of cycle 2, 38 patients treated with balugrastim recorded 
grade 0 and two recorded grade 1 WBC. Of the 38 patients 
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with grade 0 at baseline of cycle 2, eight remained at grade 0, 
four experienced grade 1, eight experienced grade 2, 14 experi-
enced grade 3, and four experienced grade 4 WBC results dur-
ing cycle 2. Of the two patients at grade 1 at baseline of cycle 
2, one experienced grade 2 and one experienced grade 4 WBC 
results during cycle 2. Forty patients treated with balugrastim 
started cycle 1 with baseline ANC rated at grade 0 and one 
patient at grade 1. During cycle 1, of the 40 patients at grade 
0 at baseline, five remained at grade 0, four experienced grade 
1, four experienced grade 2, 13 experienced grade 3, and 14 

experienced grade 4 ANC results. The one patient with ANC 
grade 1 at baseline experienced grade 4 ANC during cycle 1. At 
the start of chemotherapy cycle 2, phase II, 39 patients treated 
with balugrastim had grade 0 ANC. During cycle 2, of these 39 
patients, eight remained at grade 0, two experienced grade 1, 
five experienced grade 2, ten experienced grade 3, and 14 expe-
rienced grade 4 ANC results. No noteworthy changes were 
observed in clinical chemistry parameters or vital signs for 
either balugrastim- or pegfilgrastim-treated patients throughout 
both phases of this study.

Table 1   Demographics and baseline disease characteristics of safety population

AC doxorubicin/cyclophosphamide, CMF cyclophosphamide/methotrexate/fluorouracil ECOG PS Eastern Cooperative Oncology Group perfor-
mance status, FAC fluorouracil/doxorubicin/cyclophosphamide, FEC fluorouracil/epirubicin/cyclophosphamide, SD standard deviation

Variable Phase I Phase II

Balugrastim Balugrastim Pegfilgrastim

50 µg/kg
(n = 3)

150 µg/kg
(n = 3)

300 µg/kg
(n = 4)

450 µg/kg
(n = 3)

Pooled
(n = 13)

300 µg/kg
(n = 20)

450 µg/kg
(n = 21)

Pooled
(n = 41)

6 mg
(n = 10)

Age, years

 Mean (SD) 61.3 60.0 59.5 49.0 57.6 (8.39) 53.3 (7.31) 52.5 (8.98) 52.9 (8.11) 56.2 (10.45)

 Range 60–63 55–69 47–69 40–54 40–69 40–67 30–73 30–73 40–73

Cancer stage at diagnosis, n (%)

 Stage I 0 0 0 0 0 0 0 0 0

 Stage IIA 0 0 3 (75) 0 3 (23) 5 (25) 5 (24) 10 (24) 3 (30)

 Stage IIB 1 (33) 2 (67) 0 2 (67) 5 (38) 0 2 (10) 2 (5) 1 (10)

 Stage IIIA 0 1 (33) 0 0 1 (8) 0 4 (19) 4 (10) 1 (10)

 Stage IIIB 1 (33) 0 0 0 1 (8) 4 (20) 4 (19) 8 (20) 2 (20)

 Stage IIIC 1 (33) 0 0 0 1 (8) 2 (10) 0 2 (5) 1 (10)

 Stage IV 0 0 1 (25) 1 (33) 2 (15) 7 (35) 5 (24) 12 (29) 2 (20)

 Unknown 0 0 0 0 0 2 (10) 1 (5) 3 (7) 0

Metastases present at enroll-
ment, n (%)

0 0 2 (50) 1 (33) 3 (23) 8 (40) 6 (29) 14 (34) 3 (30)

ECOG PS at screening, n (%)

 0 3 (100) 2 (67) 3 (75) 3 (100) 11 (85) 16 (80) 15 (71) 31 (76) 7 (70)

 1 0 1 (33) 1 (25) 0 2 (15) 4 (20) 6 (29) 10 (24) 3 (30)

Number of previous chemotherapy regimens, n (%)

 0 2 (67) 0 3 (75) 2 (67) 7 (54) 13 (65) 17 (81) 30 (73) 9 (90)

 1 1 (33) 0 1 (25) 1 (33) 3 (23) 6 (30) 3 (14) 9 (22) 1 (10)

 2 0 0 0 0 0 1 (5) 1 (5) 2 (5) 0

Exposure to radiation 
therapy, n (%)

0 0 2 (50) 0 2 (15) 2 (10) 2 (10) 4 (10) 1 (10)

Prior chemotherapy exposure, n (%)

 Docetaxel/doxorubicin 1 (33) 0 0 0 1 (8) 2 (10) 0 2 (5) 0

 CMF 0 0 1 (25) 0 1 (8) 1 (5) 1 (5) 2 (5) 1 (10)

 FAC 0 0 0 1 (33) 1 (8) 0 1 (5) 1 (2) 0

 AC 0 0 0 0 0 1 (5) 1 (5) 2 (5) 0

 Docetaxel/epirubicin 0 0 0 0 0 1 (5) 1 (5) 2 (5) 0

 Methotrexate/mitomycin/
mitoxantrone

0 0 0 0 0 2 (10) 0 2 (5) 0

 Doxorubicin/paclitaxel 0 0 0 0 0 1 (5) 0 1 (2) 0

 FEC 0 0 0 0 0 0 1 (5) 1 (5) 0
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Pharmacokinetics

Data from patients in the phase I and II portions of the 
study were combined for PK analysis. Balugrastim serum 
concentrations for all patients in the 50 µg/kg group were 

below the lower limit of quantitation (LLOQ). Thus, PK 
parameters were not calculated for this dose group. Cal-
culated PK parameters for all patients treated with balu-
grastim 150, 300, and 450 µg/kg in cycles 0 and 1 are sum-
marized in Table 3.

Table 2   Adverse events (AEs) occurring in patients treated with balugrastim 300 and 450 µg/kg and pegfilgrastim 6 mg: phases I and II com-
bined safety population

a  31 AEs were reported over all doses used during the phase I study (50, 150, 300, and 450 µg/kg)

Balugrastim Pegfilgrastim

Event, n (%) 300 µg/kg
n = 24

450 µg/kg
n = 24

6 mg
n = 10

Grade 1 2 3 4 1 2 3 4 1 2 3 4

Total AEs during phase I (31 events total)a 6 (19.4) 0 0 0 3 (9.7) 6 (19.4) 1 (3.2) 0 – – – –

Total AEs during phase II (64 events total) 18 (28.1) 14 (21.9) 0 0 20 (31.3) 21 (32.8) 1 (1.6) 0 14 (21.8) 1 (1.6) 1 (1.6) 0

Nausea 3 (12.5) 0 0 0 4 (16.7) 0 0 0 3 (30.0) 0 0 0

Alopecia 4 (16.7) 0 0 0 5 (20.8) 4 (16.7) 0 0 2 (20.0) 0 0 0

Bone pain 1 (4.2) 0 0 0 0 5 (20.8) 0 0 0 0 0 0

Stomatitis 0 0 0 0 3 (12.5) 0 0 0 0 0 0 0

Thrombocytopenia 0 0 0 0 0 0 0 0 0 0 1 (10.0) 0

Vomiting 1 (4.2) 0 0 0 2 (8.3) 1 (4.2) 1 (4.2) 0 0 1 (10.0) 0 0

Diarrhea 1 (4.2) 0 0 0 0 1 (4.2) 0 0 1 (10.0) 0 0 0

Hemorrhoids 0 0 0 0 0 0 0 0 1 (10.0) 0 0 0

Pharyngitis 2 (8.3) 0 0 0 0 1 (4.2) 0 0 1 (10.0) 0 0 0

Hypokalemia 0 0 0 0 0 2 (8.3) 0 0 1 (10.0) 0 0 0

Vitamin D deficiency 1 (4.2) 2 (8.3) 0 0 0 0 0 0 1 (10.0) 0 0 0

Headache 0 0 0 0 2 (8.3) 1 (4.2) 0 0 1 (10.0) 0 0 0

Hypertension 0 0 0 0 1 (4.2) 0 1 (4.2) 0 1 (10.0) 0 0 0

Fatigue 0 0 0 0 0 2 (8.3) 0 0 0 0 0 0

Cough 2 (8.3) 0 0 0 0 0 0 0 0 0 0 0

Febrile neutropenia 0 0 0 0 1 (4.2) 0 0 0 0 0 0 0

Injection site reaction 0 0 0 0 1 (4.2) 0 0 0 0 0 0 0

Thrombocythemia 0 1 (4.2) 0 0 0 0 0 0 0 0 0 0

Abdominal distension 1 (4.2) 0 0 0 1 (4.2) 0 0 0 0 0 0 0

Dental discomfort 0 0 0 0 1 (4.2) 0 0 0 0 0 0 0

Reflux disease 0 0 0 0 0 1 (4.2) 0 0 0 0 0 0

Asthenia 1 (4.2) 0 0 0 0 0 0 0 0 0 0 0

Pyrexia 1 (4.2) 0 0 0 1 (4.2) 0 0 0 0 0 0 0

Hypersensitivity 0 0 0 0 0 1 (4.2) 0 0 0 0 0 0

Pneumonia 0 0 0 0 0 1 (4.2) 0 0 0 0 0 0

Anorexia 1 (4.2) 0 0 0 0 0 0 0 0 0 0 0

Back pain 0 0 0 0 0 1 (4.2) 0 0 0 0 0 0

Bursitis 1 (4.2) 0 0 0 0 0 0 0 0 0 0 0

Spinal osteoarthritis 0 0 0 0 0 1 (4.2) 0 0 0 0 0 0

Menorrhagia 0 0 0 0 1 (4.2) 0 0 0 0 0 0 0

Dyspnea 0 1 (4.2) 0 0 0 0 0 0 0 0 0 0

Rash 0 0 0 0 0 1 (4.2) 0 0 0 0 0 0

Depression 0 0 0 0 0 1 (4.2) 0 0 0 0 0 0

Atrial fibrillation 1 (4.2) 0 0 0 0 0 0 0 0 0 0 0

Urinary tract infection 1 (4.2) 0 0 0 0 0 0 0 0 0 0 0
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Drug exposure was higher in cycle 1 compared with 
cycle 0 (pre-chemotherapy) within each dose group. Virtu-
ally no cycle-to-cycle drug accumulation was observed. Of 
the 51 patients sampled, 1 had serum balugrastim concen-
trations above the LLOQ of 6.3 mg/mL at 192 h (day 8) in 
cycle 1.

Efficacy

Phase II study

The incidence, severity, or duration of neutropenia or ANC 
nadir was similar among treatment groups (Table 4). One 

Fig. 2   Balugrastim concen-
trations and median absolute 
neutrophil count in phase II, 
cycle 1 after 450 µg/kg
 ANC absolute neutrophil count, 
LLOQ lower limit of quantita-
tion

Table 3   Summary of pharmacokinetic parameters in phase I, cycles 0 and 1, across dose groups

Cmax maximum serum concentration of balugrastim during the given dosing cycle, Tmax time to attain the maximum measured serum concentra-
tion (Cmax, if Cmax occurs at >1 point Tmax defined as first point with this value in each period), t½,elim elimination half-life, NA not available, 
AUC0−∞ area under the serum concentration versus time curve from time of dosing, with extrapolation to time infinity, CL/F apparent total 
clearance
a  Number of patients and length of time with detectable balugrastim levels

Parameter Balugrastim
150 µg/kg

Balugrastim
300 µg/kg

Balugrastim
450 µg/kg

n Median Range n Median Range n Median Range

Cycle 0

 Cmax (ng/mL) 3 59.83 20.49–137.81 4 108.76 64.18–153.62 3 93.35 89.61–699.15

 Tmax (h) 3 6 6–24 4 15 6–24 3 24 6–24

 t½,elim (h) 2 14.37 11.57–17.17 3 26.97 15.80–30.76 3 30.23 19.32–33.86

 t½, abs (h) 2 2.97 2.39–3.54 4 4.43 0.01–6.53 3 5.11 4.31–6.50

 AUC0−∞ (h·ng/mL) 2 2369 998–3739 3 3737 1424–6161 3 5061 4152–21,162

 CL/F (mL/h/kg) 2 95.18 40.12–150.24 3 80.27 48.70–210.64 3 88.92 21.26–108.37

 Detectable serum concentrations (h)a 3 ≥24 NA 3 ≥72 NA 3 ≥72 NA

Cycle 1

 Cmax (ng/mL) 3 110 27.89–116.30 24 176.58 33.39–637.99 24 170.94 46.17–2039.24

 Tmax (h) 3 6 6–6 24 6 6–24 24 24 6–144

 t½,elim (h) 1 57.09 NA 14 35.78 19.58–74.48 13 29.95 16.73–67.56

 T½, abs (h) 3 2.58 1.30–2.87 24 3.17 0.72–8.70 23 5.10 0.81–18.20

 AUC0−∞ (h·ng/mL) 1 3928 NA 14 10,020 2571–38,162 13 13,136 2206–135,478

 CL/F (mL/h/kg) 1 38.19 NA 14 29.95 7.86–116.68 13 34.26 3.32–203.97

 Detectable serum concentrations (h)a 3 ≥144 NA 20 ≥144 NA 22 ≥144 NA
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patient treated with balugrastim 450  µg/kg experienced 
mild febrile neutropenia during cycle 1; however, by the 
end of the study, this event was resolving. One patient in 
the balugrastim 300 µg/kg group, two patients in the bal-
ugrastim 450 µg/kg group, and one patient in the pegfil-
grastim group were considered treatment failures.

The PK/PD profile of balugrastim was demonstrated 
in phase II study patients receiving balugrastim 450  µg/
kg after doxorubicin plus docetaxel treatment in cycle 1 
(Fig. 2). Balugrastim Cmax was achieved within the first day 
of treatment, then gradually fell to undetectable levels by 
day 10. Following balugrastim administration, ANC rose to 
a peak on day 4, fell to a nadir on day 8, and returned to 
normal by day 10.

Immunogenicity

None of the patients had detectable anti-balugrastim anti-
bodies or antibodies against the albumin domain of balu-
grastim as a result of receiving balugrastim.

Discussion

Treatment with myelosuppressive chemotherapy may 
result in neutropenia and, potentially, febrile neutrope-
nia, which may delay chemotherapy and require treatment 

with antibiotics or hospitalization. Therefore, preventing 
this adverse event ultimately benefits the patient and has 
the potential to reduce the cost of treatment by decreas-
ing healthcare costs. Current treatment guidelines recom-
mend prophylactic use of G-CSFs for patients at high risk 
(>20 %) of febrile neutropenia, taking into account disease 
characteristics, myelotoxicity of the chemotherapy regi-
men, patient-related risk factors, and treatment intent (cura-
tive vs palliative) [12–14]. Treatment with G-CSFs may 
be considered for those with patient-related risk factors 
between 10 and 20  %, as well as for patients with clini-
cal factors that could predispose them to complications in 
the setting of prolonged neutropenia [12–14]. Furthermore, 
G-CSFs are recommended for the treatment of febrile neu-
tropenia if the patient is at high risk of infection-associated 
complications [12, 13].

Filgrastim and pegfilgrastim are currently approved in 
Europe and in the USA for the reduction of infection asso-
ciated with febrile neutropenia in patients receiving mye-
losuppressive anti-cancer drugs. Filgrastim requires daily 
injections or infusions dosed by weight until ANC recovery 
[12, 15], while pegfilgrastim is administered just once per 
chemotherapy cycle at a fixed 6-mg dose [8, 12].

In this first-in-human study, balugrastim was well tol-
erated. In the present study, bone pain and hypertension 
occurred in five and one patients, respectively. None of the 
ten patients treated with pegfilgrastim experienced bone 

Table 4   Efficacy results: phase 
II (modified intent-to-treat 
patients)

ANC absolute neutrophil count, 
SD standard deviation
a  Persistent severe neutropenia 
was defined as absolute 
neutrophil count <500 for 
≥5 days

Variable Balugrastim Pegfilgrastim P value

300 µg/kg
(n = 20)

450 µg/kg
(n = 21)

6 mg
(n = 10)

Cycle 1

Incidence, n (%)

 Grade 4 neutropenia 9 (45.0) 6 (28.6) 3 (30.0) 0.559

 Persistent grade 4 neutropeniaa 0 (0.0) 1 (4.8) 0 (0.0) 1.000

 Grade 3–4 neutropenia 14 (70.0) 14 (66.7) 6 (60.0) 0.927

Mean (SD) duration, days

 Grade 4 neutropenia 1.1 (1.33) 1.0 (1.67) 0.7 (1.16) 0.734

 Grade 3–4 neutropenia 2.6 (1.98) 2.5 (1.97) 2.4 (2.27) 0.975

Mean (SD) nadir ANC (× 109/L) 0.872 (0.8306) 1.124 (1.4704) 1.229 (1.2281) 0.695

Mean (SD) time, days to ANC nadir 7.5 (1.05) 7.0 (0.97) 7.2 (1.03) 0.268

Cycle 2

Incidence, n (%)

 Grade 4 neutropenia 5 (25.0) 1 (4.8) 1 (10.0) 0.148

 Persistent grade 4 neutropeniaa 1 (5.0) 0 (0.0) 1 (10.0) 0.331

 Grade 3–4 neutropenia 10 (50.0) 7 (33.3) 3 (30.0) 0.481

Mean (SD) duration, days

 Grade 4 neutropenia 0.7 (1.41) 0.2 (0.87) 0.5 (1.58) 0.172

 Grade 3–4 neutropenia 1.9 (1.99) 1.5 (2.25) 1.3 (2.11) 0.719

Mean (SD) nadir ANC (× 109/L) 1.933 (2.1546) 1.964 (2.1257) 1.498 (0.9323) 0.831

Mean (SD) time, days to ANC nadir 8.7 (2.24) 7.9 (1.84) 7.6 (1.26) 0.209
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pain in the present study [8]. Usually, bone pain associ-
ated with these therapies is mild to moderate and can be 
controlled with non-narcotic analgesics [12, 15]. While the 
pegfilgrastim and filgrastim prescribing information con-
tains warnings regarding the potential for splenic rupture, 
acute respiratory distress syndrome, and serious allergic 
reactions [8, 15], no such events occurred among the small 
number of balugrastim-treated patients in this study, and 
there were no signs of immunogenicity.

Pharmacokinetic analysis demonstrated that balugrastim 
serum concentrations were detectable across dose groups 
in most patients (45 out of 50 patients) for at least 144 h 
post-dose. Drug exposure was higher in cycle 1 compared 
with cycle 0 (i.e., with versus without chemotherapy), 
most likely because chemotherapy reduces the number 
of neutrophils, which play an important role in the clear-
ance of balugrastim. In cycle 1, balugrastim was detected 
out to 144 h in most patients (45/50 sampled) in the 150, 
300, and 450  µg/kg dose groups, supporting once-per-
cycle dosing. The median t½, elim of balugrastim in cycle 1 
was approximately 36 h for the 300 µg/kg dose group and 
30 h for the 450 µg/kg dose group. This is longer than the 
reported t½, elim for filgrastim (3–4  h), indicating that the 
addition of human serum albumin supports a longer-lasting 
G-CSF [15]. However, while the half-life of balugrastim is 
longer than that of filgrastim, it is not as long as albumin 
(~19 days in humans) [10]. G-CSFs are primarily cleared 
through receptor-mediated endocytosis by neutrophils and 
renally [16], while albumin is distributed between vascular 
and extravascular compartments and is degraded in a num-
ber of tissues including liver, muscle, and skin [17]. With 
a molecular weight of approximately 85 kDa, renal clear-
ance of balugrastim should be reduced, while the presence 
of G-CSF allows for clearance via the receptor-mediated 
route, thereby resulting in a half-life between that of fil-
grastim and albumin [18].

At the highest dose levels tested (300 and 450  µg/kg), 
treatment with balugrastim showed preliminary efficacy 
similar to that of pegfilgrastim 6  mg in the prevention of 
chemotherapy-induced neutropenia in this small popula-
tion of breast cancer patients. The incidence of grade 3 or 
4 neutropenia or duration of severe neutropenia was simi-
lar among the treatment groups. In phase I, cycle 0, balu-
grastim induced a dose-dependent increase in WBCs and 
ANC before the administration of chemotherapy. The ANC 
increases in cycle 0 were comparable to historical data for 
pegfilgrastim at equimolar doses [19]. As expected, WBCs 
and ANC declined after chemotherapy, but recovery from 
nadir in cycle 1 was mediated by balugrastim treatment 
such that ANC recovered by day 10, 2 days after nadir. In 
patients who do not receive prophylactic G-CSF treatment, 
time to reach recovery of ANC post-nadir is historically 
5–7 days [6].

Results of this study support further clinical develop-
ment of balugrastim. Phase II/III and phase III studies of 
balugrastim in breast cancer patients receiving doxoru-
bicin plus docetaxel have been completed (NCT00837265; 
NCT01126190). The phase III trial evaluated a fixed 40-mg 
dose, which, if supported, will further simplify dosing and 
administration.

Results of this study should be interpreted in the context 
of its limitations. In particular, this study had limited sta-
tistical power to determine between-treatment differences 
in the phase II portion, given the small sample size. This 
limitation will be addressed in the larger phase II/III and 
phase III trials. All of the studies to date were conducted in 
patients with breast cancer who were receiving doxorubicin 
plus docetaxel; further studies are needed to determine 
whether the results are generalizable to patients with other 
tumor types and to those receiving other myelosuppressive 
chemotherapy regimens.

Conclusions

Balugrastim was well tolerated in this first-in-human study. 
In addition, the balugrastim dose-dependent increase in ANC 
was similar to that observed for pegfilgrastim based on his-
torical data. In addition, the ANC recovery and safety profiles 
for the balugrastim 450 µg/kg group were similar to those for 
the pegfilgrastim 6 mg group, supporting the choice of a start-
ing fixed dose of 30 mg (equivalent to 450 µg/kg) for further 
clinical trial assessment. Results from further studies in which 
30, 40, and 50 mg fixed doses of balugrastim were conducted 
to select the appropriate dose will be available soon.
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