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Abstract: Neutropenia and febrile neutropenia are two major complications of chemotherapy. 

Dose reductions, delays in treatment administration, and the use of granulocyte colony-stimulating 

factors are equally recommended options to preserve absolute neutrophil count in case of chemo-

therapy regimens bringing a risk of febrile neutropenia of 20% or higher. Recombinant granu-

locyte colony-stimulating factors, such as filgrastim and lenograstim, have a short elimination 

half-life (t
1/2

) and need to be used daily, while others, like pegfilgrastim and lipegfilgrastim, are 

characterized by a long t
1/2 

requiring only a single administration per cycle. Balugrastim is a novel 

long-acting recombinant granulocyte colony-stimulating factor obtained by means of a genetic 

fusion between recombinant human serum albumin and granulocyte colony-stimulating factor. 

Albumin binding increases the molecular weight and determines a high plasmatic stability leading 

to a t
1/2

 of ~19 days. Balugrastim’s efficacy, safety, and tolerability have been assessed in four 

different clinical trials involving breast cancer patients treated with doxorubicin and docetaxel. 

Pegfilgrastim was chosen as a comparator. Balugrastim was noninferior to pegfilgrastim with 

regard to the reduction of mean duration of severe neutropenia during cycle 1. Moreover, 

both treatments were comparable in terms of efficacy and safety profile. Balugrastim was well 

tolerated, with the only related adverse event being mild to moderate bone pain. The aim of this 

review is to summarize the currently available literature data on balugrastim.

Keywords: G-CSF, granulocyte colony-stimulating factors, albumin, febrile neutropenia, 

pegfilgrastim

Introduction to balugrastim and management 
issues in chemotherapy-induced neutropenia
Neutropenia and febrile neutropenia (FN) represent two frequent complications of 

chemotherapy treatments.1 Neutropenia can be defined as a reduction in the normal 

count of neutrophils, while FN represents a medical emergency in which the absolute 

neutrophils count (ANC) falls below the value of 0.5×109/L and the body tempera-

ture is equal or superior to 38°C for .1 hour.2 Neutrophils act as early responders 

against pathogens. Indeed, during mucositis, alterations in the microbial flora and the 

concomitant disruption of the barrier function of mucosa can lead to sepsis due to the 

lack of these early responding innate immune cells.3

Having recognized that these conditions can lead to dose reductions, delay in 

chemotherapy and hospitalization due to the high risk of infections and sepsis, the 

role of granulocyte colony-stimulating factors (G-CSFs) is fundamental.1 The natural 

human G-CSF is a glycoprotein produced by monocytes, fibroblasts, and endothelial 

cells.4–8 G-CSF is not species-specific. It has been shown to primarily affect neutrophil 
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progenitor proliferation within the bone marrow and to 

stimulate the release of mature neutrophils into the peripheral 

blood,9–15 and promote differentiation,8,15 and selected end-

cell functional activation, for example, enhanced phagocytic 

activity.16,17

Recombinant granulocyte colony-stimulating factors 

(rG-CSFs) act as endogenous G-CSF and are clinically indi-

cated in order to preserve ANC in the case of chemotherapy 

regimens associated with a risk of FN $20%.18 Some of these 

regimens are used in breast cancer (eg, cisplatin, doxorubi-

cin, and cyclophosphamide [PAC], docetaxel, doxorubicin, 

cyclophosphamide [TAC], and dose dense 5-fluorouracil, epi-

rubicin, and cyclophosphamide [FEC]).19 Rituximab, cyclo-

phosphamide, doxorubicin, vincristine, prednisone, used in 

non-Hodgkin’s lymphomas, is associated with a 20% risk of 

FN.20 Docetaxel–carboplatin doublet, used in non-small-cell 

lung cancer, doxorubicin and ifosfamide for sarcomas and 

docetaxel, cisplatin, and 5-fluororuracil increase the risk of 

FN by .20% as well.19 rG-CSFs can be administered both 

for primary and secondary prophylaxis. In the first case, 

G-CSF is used to prevent FN at the beginning of a “high-

risk” treatment, while the use in secondary prophylaxis 

happens after a first neutropenic event.19 rG-CSFs, such as 

filgrastim and lenograstim, have a short elimination half-life 

(t
1/2

), thus requiring administration on a daily basis.2 On the 

other hand, long-acting rG-CSFs, such as pegfilgrastim 

and lipegfilgrastim, are pegylated molecules of filgrastim.2 

Because of this stabilizing modification, they have a reduced 

renal clearance and are mainly metabolized by neutrophils 

and require a single administration per cycle.2

A new generation of long-acting rG-CSFs has been 

recently developed by combining G-CSF with a protein 

or peptide (fusion proteins) in order to increase molecular 

weight and lengthen t
1/2

.21 Balugrastim is a long-acting 

rG-CSF produced in the yeast Saccharomyces cerevisiae 

obtained by means of a genetic fusion between recombinant 

human serum albumin and G-CSF.21,22 By combining the 

N-terminus of G-CSF to the C-terminus of albumin, balu-

grastim has a high plasmatic stability and can be administered 

in a once-per-cycle fixed dosage.21 So far, few studies have 

investigated balugrastim’s safety and activity. This review 

aims at summarizing the available literature data on this novel 

molecule, focusing on pharmacology, pharmacokinetics, 

toxicity, and efficacy.

Pharmacology, mechanism of action, 
and pharmacokinetics of balugrastim
Balugrastim is a 759 amino acid single polypeptide chain 

with a molecular mass of ~85 kDa.23 The biological active 

compound of balugrastim is G-CSF, a naturally occurring 

cytokine that has several effects on hematopoietic pro-

genitor cells.24 The natural human G-CSF is a glycoprotein 

composed of a single polypeptide chain of 175 amino acids 

and is glycosylated at threonine 133.25 By fusion of G-CSF 

to human serum albumin, the turnover rate of G-CSF is 

reduced and it has a longer duration of action.26 The t
1/2

 of 

balugrastim is ~19 days in humans, and the G-CSF fusion 

protein is highly soluble.26 Balugrastim can be used as a 

long-lasting adjunct therapy to patients receiving myelosup-

pressive chemotherapy for reducing incidence and duration 

of chemotherapy-induced neutropenia and FN.26

Balugrastim exhibits nonlinear pharmacokinetics.27 

Clearance of balugrastim is dependent on its concentration 

and neutrophil count. Normally, G-CSF is cleared by the 

kidney,28 but the human serum albumin component of balu-

grastim not only acts as a carrier of G-CSF, it also extends its 

plasma half-life by minimizing renal clearance.29 Therefore, 

the main elimination of balugrastim is via receptor-mediated 

neutrophil endocytosis.29

Subcutaneous administration of 3.45 and 11.5 μg/kg 

of balugrastim resulted in maximum serum concentrations 

of 4 and 49 ng/mL, respectively, within 2–8 hours.11,30 

After intravenous administration, the volume of distribu-

tion averaged 150 mL/kg and the elimination half-life 

was ~3.5 hours.31

Intravenous (1–70 μg/kg twice daily) as well as subcuta-

neous administration (1–3 μg/kg once daily, or by continuous 

subcutaneous infusion 3–11 μg/kg/day) of G-CSF resulted 

in a dose-dependent increase in neutrophil counts over the 

dose range of 1–70 μg/kg/day.32–34 One study described the 

subcutaneous use of 450 μg/kg balugrastim without severe 

side effects in breast cancer patients.35

Clearance rates of balugrastim were ~0.5–0.7 mL/min/kg.27 

Single parenteral doses or daily intravenous doses over 

a 14-day period resulted in comparable half-lives.27 The 

half-lives were similar for intravenous administration 

(231 minutes‚ following doses of 34.5 μg/kg) and for sub-

cutaneous administration (210 minutes‚ following G-CSF 

dosages of 3.45 μg/kg).27 Continuous 24-hour intravenous 

infusions of 20 μg/kg over an 11–20-day period produced 

steady-state serum concentrations of balugrastim with 

no evidence of drug accumulation over the time period 

investigated.27

Firstly, balugrastim safety was evaluated in a Phase I/IIa 

study.35 The results of this study must be considered very 

carefully because of the very limited statistical power.35 

Pharmacokinetic analysis demonstrated that balugrastim 

serum concentrations were detectable across different dose 
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groups (50, 150, 300, and 450 μg/kg) in most patients 

(45 out of 50 patients) for at least 144 hours post dose.35 

Drug exposure was higher in cycle 1 compared to cycle 0, 

most likely because chemotherapy reduces the number of 

neutrophils, which play an important role in the clearance 

of balugrastim.35 In cycle 1, balugrastim was detected longer 

than 144 hours in most patients (45/50 sampled) only in the 

150, 300, and 450 μg/kg dose groups, supporting once-per-

cycle dosing.35 The median t
1/2

, of balugrastim in cycle 1 was 

~36 hours for the 300 μg/kg dose group and 30 hours for the 

450 μg/kg dose group.35

In one multicenter Phase II study, safety and efficacy of 

balugrastim versus pegfilgrastim were further evaluated in 

breast cancer patients scheduled to receive myelosuppres-

sive chemotherapy.1 In this study, three doses (30, 40, and 

50 mg) were considered.1 Results from the compartmental 

modeling analysis indicated that balugrastim was slowly 

absorbed from the subcutaneous injection site, with the 

majority of the medication absorbed within 24–36 hours.1 

The mean absorption t
1/2 

for balugrastim ranged in this 

study between 8.1 and 15.4 hours and tended to increase 

with escalations in dose.1 For most patients, 80% of dose 

absorption occurred within the first 24–36 hours.1 Mean 

coefficient of variation (C
max

) values for patients treated 

with balugrastim 30, 40, or 50 mg were 408, 1,580, and 

1,200 ng/L, respectively.1 Median time to C
max

 (T
max

) value 

was 12.0 hours for the balugrastim 30 mg group and 24.0 

hours for both the higher dose group.1

Recently, the results of two Phase III studies comparing 

the effects of balugrastim treatment versus pegfilgrastim in 

breast cancer patients receiving chemotherapy have been 

published.18,26 Pegfilgrastim is another recombinant G-CSF 

produced in Escherichia coli.36 The t
1/2 

of pegfilgrastim is 

extended by attachment of polyethylene glycol moiety. 

Such modification facilitates once-per-chemotherapy-

cycle dosing.36 In a double-blind randomized Phase III 

study, 40 mg of balugrastim and 6 mg of pegfilgrastim per 

chemotherapy cycle were used and compared in patients 

with breast cancer receiving chemotherapy.23 These two 

drugs showed comparable plasma t
1/2

 in cycle 1 of 38.7 and 

41.7 hours, respectively.26 The other trial was a multicenter, 

randomized, open-label, Phase III noninferiority study.18 In 

this study, the efficacy and safety of once-per-cycle 40 mg 

or 50 mg of balugrastim and 6 mg of pegfilgrastim were 

compared again only in patients with breast cancer receiv-

ing chemotherapy with doxorubicin and docetaxel.18 In 

this patient cohort, the median terminal elimination t
1/2

 was 

found to be 37.4 hours for 40 mg and 35.5 hours for 50 mg 

of balugrastim.18 The mean C
max 

(coefficient of variation 

[CV]%) for 40 and 50 mg of balugrastim was 875 (76.3%) 

and 975 (74.1%) ng/mL, respectively.1,18 The median T
max

 

was ~24 hours for both treatment groups.18 Mean estimates 

for apparent total clearance were 1.34 and 1.18 L/hour for 

the 40 mg and 50 mg balugrastim groups, respectively.18 

Mean estimates for the apparent volume of distribution were 

80.1 (for 40 mg balugrastim group) and 69.2 (for 50 mg 

balugrastim group).18

Differences in pharmacology and pharmacokinetics 

between balugrastim and pegfilgrastim are listed in Table 1.

Efficacy studies
Balugrastim’s efficacy has been mainly evaluated in Phase II 

and in two Phase III trials (Table 2).1,18,26 In all cases, only 

patients affected by breast cancer and receiving chemo-

therapy with doxorubicin 60 mg/m2 and docetaxel 75 mg/m2 

every 21 days were enrolled. The choice of this systemic 

therapy was determined by the high risk of FN given by the 

combination therapy (33%).1,18,26 Gladkov et al1,18 enrolled 

78 patients for the Phase II and 256 patients for Phase III 

trials. In the Phase II study, patients were treated with escalat-

ing doses of balugrastim (30, 40, or 50 mg) or the standard 

dose of pegfilgrastim (6 mg).1 Similarly, in the open-label 

randomized Phase III study, patients were randomly assigned 

to 40 or 50 mg of balugrastim or 6 mg of pegfilgrastim 

(1:1:1 ratio).18 Conversely, Volovat et al26 designed a two-

phase study: first, a double-blind session (n=304) with a 

randomization to balugrastim 40 mg or pegfilgrastim 6 mg 

(1:1 ratio) and second, an open-blind single-arm phase in 

Table 1 Comparison of pharmacology and pharmacokinetics between balugrastim and pegfilgrastim

Features Balugrastim Pegfilgrastim

Molecular structure Long-action recombinant human 
G-CSF combined to HSA

Covalent conjugate of recombinant methionyl human G-CSF (filgrastim) 
and monomethoxypolyethylene glycol

Cmax 1,580 ng/mL 104 ng/mL
Tmax 24 hours 24 hours
T1/2 elim 36 hours 41 hours
Dose Once per cycle, 40 mg dose Once per cycle, 6 mg dose
Administration Subcutaneous Subcutaneous

Abbreviations: G-CSF, granulocyte colony-stimulating factors; HSA, human serum albumin; Cmax, maximum serum concentration; Tmax, time when Cmax is observed; T1/2, half-life.
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which patients (n=77) further received balugrastim. In both 

studies, patients received a subcutaneous injection of either 

balugrastim or pegfilgrastim 24 hours after chemotherapy 

for up to four cycles.1,18,26

The Phase II study was aimed at investigating different 

doses of balugrastim with a dose-escalation system in order 

to select two dosages for the Phase III trial.1 Time to ANC 

recovery (days between ANC nadir and ANC .0.5×109/L) 

for cycle 1 was similar for balugrastim 40 mg (2.6 days) 

and 50 mg (2.0 days), pegfilgrastim (2.4 days), and longer 

for balugrastim 30 mg (3.1 days).1 Moreover, in the same 

cycle, patients treated with balugrastim 30 mg suffered from 

a 20% incidence of FN, which was a higher result than the 

rates for balugrastim 40 mg (9.5%) and 50 mg (10%), and 

pegfilgrastim (8%).1 Based on these results, dosages of 40 and 

50 mg were chosen for comparison with pegfilgrastim in the 

subsequent randomized Phase III.18

The two Phase III studies shared the same primary end-

point, which was the duration of severe neutropenia (DSN) 

in cycle 1, defined as the amount of days with ANC inferior 

to 0.5×109/L.18,26 Gladkov et al18 reported a nonsignificant dif-

ference in DSN between the different treatment groups during 

cycle 1. Indeed, mean DSNs for balugrastim 40 and 50 mg, 

and pegfilgrastim were 1.0, 1.3, and 1.2 days (P=0.704), 

respectively.18 Similarly, in Volovat’s study, mean DSN 

in the balugrastim 40 mg group was 1.1 days compared to 

1.0 day obtained by using pegfilgrastim (95% two-sided con-

fidence interval: -0.13 to 0.37 days).26 In the end, balugrastim 

was assumed to be noninferior to pegfilgrastim.18,26 More-

over, while the mean DSN was shorter in cycles 2–4 than 

in cycle 1, no statistically significant difference in the mean 

DSN between balugrastim and pegfilgrastim was reported 

in these cycles as well.18,26

As far as secondary efficacy endpoints are concerned, 

incidence of severe neutropenia (ANC ,0.5×109/L), incidence 

of grade 3/4 neutropenia and its duration did not differ 

between balugrastim and pegfilgrastim, but decreased in 

rate and length from cycle 1 to cycles 2–4.18,26 Similarly, 

incidence of FN in cycle 1 was similar between pegfilgrastim 

and balugrastim in both studies: rates were 3.5% for balu-

grastim 40 mg, 6.0% for balugrastim 50 mg, and 2.3% in the 

pegfilgrastim group (P=0.398),18 versus 2% for balugrastim 

40 mg and 4% for pegfilgrastim, P=0.446.26

Values of mean ANC nadir and time to ANC nadir did 

not differ between pegfilgrastim and balugrastim treatments 

in both studies.18,26 Mean ANC nadir in cycle 1 was consid-

erably lower than in subsequent cycles, with values of 0.7, 

0.6, and 0.7×109/L, respectively, for balugrastim 40 mg 

and 50 mg, and pegfilgrastim 6 mg, (P=0.423).18 Between 

cycles 2 and 4, mean ANC nadir reached the lowest point of 

1.2 in cycle 3 with balugrastim 50 mg and a highest value 

of 1.6×109/L in cycle 4 with balugrastim 40 mg.18 Similar 

values were reported by Volovat et al26 regarding mean ANC 

nadir for cycle 1 (0.8 for both pegfilgrastim and balugrastim, 

P=0.763). Mean times to ANC nadir in cycle 1 were 6.4, 

6.7, and 6.5 days, respectively, for balugrastim 40 mg and 

50 mg, and pegfilgrastim (P=0.610), and slightly increased 

in further cycles, with a minimum of 6.8 days in cycle 1 

with balugrastim 40 mg and a maximum of 7.8 days with 

pegfilgrastim, both in cycles 3 and 4.18 The randomized 

double-arm study registered a mean time to ANC nadir of 

6.7 days for pegfilgrastim and of 6.8 days for balugrastim 

40 mg (P=0.963).26 Mean time to ANC recovery was sig-

nificantly longer in the cohort treated with pegfilgrastim 

(2.6 days) compared to balugrastim 40 mg (2.0 days) and 

50 mg (2.1 days), (P=0.005).18 The effect of balugrastim was 

lost in the following cycles, with no significant difference 

in mean time to ANC recovery between different treatments 

and cycles.18 Similarly, no significant difference in mean time 

to ANC recovery for cycle 1 was found in the other study 

Table 2 Efficacy studies

Author 
(year)

Phase Tumor type Chemotherapy 
regimen

Arm SN (%) 
(cycle 1)

P-value DSN (days) 
(cycle 1)

P-value

Gladkov et al/ 
20151

ii Breast cancer Doxorubicin + docetaxel Balugrastim 30 mg 40 NA 0.9±1.4 NA
Balugrastim 40 mg 67 1.6±1.8
Balugrastim 50 mg 50 1.1±1.5
Pegfilgrastim 6 mg 48 0.9±1.1

Gladkov et al/ 
201618

iii Breast cancer Doxorubicin + docetaxel Balugrastim 40 mg 58.8 0.559 1.0±1.1 0.704
Balugrastim 50 mg 65.5 1.3±1.2
Pegfilgrastim 6 mg 58.1 1.2±1.3

volovat et al/ 
201426

iii Breast cancer Doxorubicin + docetaxel Balugrastim 40 mg 58.2 1.000 1.1±1.14 NA
Pegfilgrastim 6 mg 58 1.0±1.08

Note: Data are presented as mean ± standard deviation.
Abbreviations: DSN, duration of severe neutropenia; NA, not applicable; SN, severe neutropenia.
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considered, with 2.1 days for pegfilgrastim and 2.0 days for 

balugrastim 40 mg (P=0.259).26 Overall survival was not 

affected by the different treatments administered: 91.8% 

patients treated with balugrastim 40 mg were alive after a 

1-year follow-up period compared to 84.5% for balugrastim 

50 mg and 90.7% for pegfilgrastim.18

Taken together, the results of the efficacy analysis 

accounted for the noninferiority of balugrastim treatment 

over pegfilgrastim. Additionally, no differences in primary 

and secondary endpoints were found between the two 

different dosages of balugrastim that were investigated. 

Balugrastim showed a unique advantage over pegfilgrastim 

in shortening the mean time to ANC recovery.1,18,26

Safety and tolerability
Balugrastim’s safety and tolerability were mainly tested 

in a Phase I/IIa and Phase II study.1,35 In the first one, 

Avisar et al35 administered escalating doses of balugrastim 

(50, 150, 300, and 450 g/kg) in cycle 0 (2 weeks before the 

beginning of chemotherapy) and in cycles 1 and 2. Thirteen 

patients were treated with doxorubicin 50 mg/m2 and doc-

etaxel 75 mg/m2 every 21 days.35 Since the balugrastim 

dose was escalated safely to the dosage of 450 g/kg without 

any limiting toxicity, the following Phase IIa trial included 

further 51 patients who were randomized to receive balu-

grastim 300 or 450 g/kg, or pegfilgrastim 6 mg (2:2:1 ratio).1 

The assessment of safety performed before the beginning 

of chemotherapy in the Phase I trial reported only six total 

adverse events (AEs) experienced by four patients.35 For 

the balugrastim 300 g/kg cohort, two patients experienced 

grade 1 urinary tract infection and pyrexia, while two patients 

treated with balugrastim 450 g/kg suffered from grade 2 bone 

pain, grade 2 headache (twice), and grade 3 hypertension.35 

Most of the other AEs reported during cycles 1 and 2 of the 

Phase I study and Phase II were reasonably ascribable to 

chemotherapy and not to balugrastim.35 Considering AEs 

were most likely related to balugrastim, bone pain occurred 

five times in four patients treated with balugrastim during 

Phase II therapy: one event was related to balugrastim 

300 g/kg (grade 1), while the remaining four cases occurred 

during balugrastim 450 g/kg (grade 2).35 Two cases of head-

ache, one episode of hypertension, one case of pyrexia, and 

one injection site reaction, all grade 1, were registered with 

balugrastim 450 g/kg.35 Moreover, a grade 2 rash occurred 

with the same dosage.35

In the Phase II dose-finding study, bone pain occurred in 

two patients (grade 1 and grade 2) treated with balugrastim 

50 mg (10%), while it was not observed for the other 

dosages.1 The same AE was found in two patients (grade 1) 

in the balugrastim cohort (7.7%).1 Phase III studies con-

firmed these findings.18,26 Gladkov et al18 reported a higher 

amount of grade 4 AEs in the 50 mg balugrastim cohort 

(46.4%) than in the 40 mg group (34.1%) and pegfilgrastim 

(36%). Similarly, Volovat et al26 showed a slightly higher 

amount of AEs after balugrastim treatment (19.6% for 

balugrastim, 18.7% in pegfilgrastim treatment in the double-

blind phase). Bone pain and related symptoms amounted 

to 11.8% for balugrastim versus 10.7% for balugrastim 

in the double-blind phase and 18.2% in the balugrastim 

open-label phase.26

Antibodies to balugrastim were reported in two out of 

169 patients, while antibodies against the albumin domain 

of balugrastim were detected in six cases. However, the 

antibody response to balugrastim was low titer, transient, 

and had no neutralizing effect.18

Neither increases in spleen dimensions nor splenic ruptures 

have been reported during balugrastim administration,1,18,26,35 

while a transient increase in spleen volume during G-CSF 

administration and rare cases of splenic rupture have been 

noticed both in healthy peripheral blood stem cell donors and 

cancer patients treated with G-CSF, granulocyte macrophage 

colony-stimulating factor, or pegylated G-CSF.3,37

Similarly, we did not find any reported case of acute 

myeloid leukemia (AML) or myelodysplasia secondary 

to balugrastim use.1,18,26,35 Although rare events, the inci-

dence of both AML and myelodysplasia was found to have 

increased significantly with G-CSF use in patients treated 

with chemotherapy.3,37 On the other hand, a nonsignificant 

correlation between G-CSF use and onset of secondary AML 

or myelodysplasia was reported in healthy peripheral blood 

stem cell donors.3,37

In conclusion, balugrastim’s administration was shown 

to be extremely safe. Bone pain was described as the most 

frequent AE directly connected to the subcutaneous injection. 

Its onset was more frequent with higher doses of balugrastim 

(eg, 50 mg and 450 g/kg).1,18,35

Quality of life, patient satisfaction, 
and acceptability
From the first-in-human Phase I study to the recent Phase III 

randomized trials, balugrastim-related AEs did not require an 

interruption or discontinuation of treatment. No toxic death 

occurred in any of the considered studies.1,18,26,35 Bone pain 

was easily managed with common analgesics only.26 Consent 

withdrawals were registered for five patients in the Phase II 

dose-finding study (two in the balugrastim 40 mg, three in the 
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balugrastim 50 mg cohort),1 seven patients in the Phase III 

two-arms trial (five patients treated with balugrastim and 

two with pegfilgrastim)26 and seven patients in the Phase III 

three-arms study (four patients treated with balugrastim 

40 mg, two patients with balugrastim 50 mg, and one patient 

with pegfilgrastim).18 As a whole, treatment with balugrastim 

did not cause any severe AEs, and the quality of life was not 

compromised at all by its use.

Conclusion and place in therapy
Balugrastim is a new long-lasting rG-CSF created by link-

ing G-CSF to recombinant human albumin in S. cerevisiae. 

Its t
1/2

 of ~19 days makes it possible to be conveniently 

administered in a once-per-cycle subcutaneous injection. 

Phase I and II trials reported a good safety and tolerability 

profile in breast cancer patients treated with doxorubicin and 

docetaxel for breast cancer. Two Phase III studies compared 

balugrastim with pegfilgrastim demonstrating a comparable 

efficacy between the two treatments and the noninferiority of 

balugrastim with regard to the reduction in mean DSN dur-

ing the first cycle of chemotherapy. The dose of 40 mg was 

associated with better efficacy parameters compared to the 50 

mg dose, such as reduced mean DSN and minor incidence of 

FN during cycle 1. Moreover, balugrastim 40 mg registered 

fewer grade 4 AEs than 50 mg.

Secondary AMLs and myelodysplasias were not 

described after balugrastim use. This is probably due to 

the recent development of the drug and the short period of 

follow-up available. Indeed, leukemogenic events caused 

by G-CSF were reported after a median follow-up of at 

least 4 years. Therefore, long-term studies are necessary to 

adequately evaluate balugrastim safety.

Balugrastim represents a valid alternative to pegfilgrastim 

when a long-acting rG-CSF is required in clinical practice. 

Since all studies were performed in homogeneous popula-

tions of breast cancer patients treated with docetaxel and 

doxorubicin, further research involving different tumor types 

and chemotherapy combinations is definitely needed.
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