
Abstract. Febrile neutropenia (FN) is a common and
potentially fatal complication of anticancer treatment,
particularly in patients receiving myelosuppressive
chemotherapy. It has been shown that prophylaxis with
granulocyte colony-stimulating factor (G-CSF), especially its
pegylated forms, significantly reduces the incidence of FN,
the likelihood of chemotherapy dose intensity reduction and,
also, the number of hospitalizations due to FN. This review
discusses currently published results from clinical trials
dealing with FN prophylaxis in routine clinical practice in
patients with solid tumors and myeloproliferative
malignancies with a focus on lipegfilgrastim, which is the
newest modification of the original molecule filgrastim. The
discussed results proved that prophylactic administration of
lipegfilgrastim can almost eliminate the risk of FN and
significantly reduce the risk of chemotherapy (CHT) dose
reduction in routine clinical practice in cases of a clear high-
risk chemotherapy regimen or in the presence of risk factors
(such as age, comorbidities, performance status, etc.) in
patients who received chemotherapy with medium risk of FN. 

The vast majority of chemotherapy (CHT) regimens used in the
treatment of cancer patients is burdened with hematological

toxicities that can manifest by impaired cell division of white
blood cells, particularly neutrophils. Effectiveness of
myelosuppressive CHT is often limited by the dose-dependent
toxicity, which determines the possibility of administration of
additional treatment cycles (1). The risk of infectious
complications significantly increases along with the decline of
granulocytes below the critical level (absolute neutrophil count
<500 cells/mm3). Severe neutropenia (grade 3 and 4), lasting for
more than three days, causes a linear increase in the risk of
febrile neutropenia (FN) (10% per day). FN is a common and
potentially fatal complication of anticancer treatment (2, 3). The
administration of granulocyte colony-stimulating factor (G-CSF)
recombinant forms results in a reduction of neutropenia and its
occurrence. It has been shown that prophylaxis with G-CSF,
especially its pegylated forms, significantly reduces the incidence
of FN, the likelihood of chemotherapy dose intensity reduction
and, also, the number of hospitalizations due to FN (4-10).
Lipegfilgrastim is the newest glycopegylated modification of the
original molecule filgrastim, which shows maximal structural
conformity with the endogenous G-CSF. The glycopegylated
form enables application of filgrastim once during the cycle of
chemotherapy (11, 12). This review discusses several interesting
results of interim analysis from non-interventional studies
evaluating the safety and efficacy of lipegfilgrastim in routine
clinical practice that have been recently published. 

The Role of Lipegfilgrastim in 
Routine Clinical Practice

One of the most interesting results in FN prophylaxis comes
from the recently published interim analysis of non-
interventional clinical trial LEOS (a prospective pan-European
non-interventional study evaluating the effectiveness of
lipegfilgrastim in clinical practice for the prophylaxis of
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chemotherapy-induced neutropenia in adult patients with
different tumor types) (13). LEOS is a prospective, non-
interventional study that included patients with various tumor
types treated with myelosuppressive, cytotoxic chemotherapy.
Patients received lipegfilgrastim for primary (PP) or secondary
(SP) neutropenia prophylaxis. CHT dose adjustments, the
severity of neutropenia and events or complications associated
with neutropenia were recorded and analyzed. Patients with
various solid tumors and lymphoproliferative disorders (n=621)
were included into the interim analysis. Median patients’ age
was 59.2 years; 67.6% were women. Most patients suffered
from breast cancer (39.8%) and lymphoma (24%). High
(>20%) and moderate risk (10-20%) of FN were observed in
53.1% and 37.2% of patients, respectively. Prophylaxis with
pegfilgrastim was, thus, administered in real clinical practice
to a relatively high percentage of patients with moderate risk
of FN. Lipegfilgrastim PP was initiated in 80.7% of patients
and SP in 15.1% of patients. CHT dose omissions, delays or
reductions in LEOS trial were very low because of the
prophylaxis with lipegfilgrastim. CHT dose omissions were
observed in 0.3% and 0% of patients when lipegfilgrastim was
used in PP and SP, respectively. CHT dose delays were
observed in 10.2% and 15.2% of patients with PP and SP,
whereas dose reductions were needed in 4.8% and 7.6% of
patients with PP and SP, respectively. FN was reported in 2.4%
and 1.2% of patients with PP and SP, while severe neutropenia
(grade 4) was reported in 2.9 and 4.8% of patients with PP and
SP, respectively. The lipegfilgrastim safety profile was very
favorable. In total, 17% of patients had at least one adverse
event (grade 1, 2), with the most common being headache,
myalgia and skeletal pain. Serious adverse events (grade 3, 4 -
according to Common Terminology Criteria for Adverse
Events (CTCAE) v4.03) occurred in only 4.8% of patients. The
results of this interim analysis demonstrated the substantial
effectiveness and safety of lipegfilgrastim in the primary and
secondary prophylaxis of chemotherapy-induced neutropenia. 
Other important results of FN prophylaxis with lipegfilgrastim

came from the NADIR clinical trial (a non-interventional study
on the prophylaxis of chemotherapy-induced neutropenia using
lipegfilgrastim). NADIR trial was a non-interventional,
prospective, multicenter study established in 2014 and carried
out in 270 Germany centers. This study evaluated the
effectiveness (decrease in incidence of severe
neutropenia/National Cancer Institute (NCI) CTCAE grade 3,
4/or febrile neutropenia) and safety of lipegfilgrastim in patients
undergoing myelosuppressive chemotherapy. Recently, there
were published results from an interim analysis of NADIR
clinical trial in a subset of patients with breast cancer that
included 741 breast cancer patients (14). All patients had
undergone chemotherapy, of which 274 had been treated with
dose-dense regimens (DDR; two weeks treatment interval,
comprising at least one of epirubicin, cyclophosphamide or
taxanes). Patients obtained lipegfilgrastim for neutropenia PP, SP

or with curative intent. Median patients’ age was 53.9 years (all
patients) and 51.3 years (DDR). The majority of patients was in
good clinical condition with Eastern Cooperative Oncology
Group (ECOG) 0/1 in 91.9% (96.3% for DDR). More than half
of patients experienced at least one comorbidity (50.7% of all
patients, 96.3% for DDR). Most patients (89.1% of the whole
cohort, 97.1% for DDR) were treated in the neoadjuvant or
adjuvant setting and 96.1% of patients received regimens
comprising anthracyclines and/or taxanes. The vast majority of
patients were treated with lipegfilgrastim in PP (83.7% of all
patients, 98.5% for DDR), whereas only a minority of patients
were treated within the SP (11.3% of the whole cohort, 0.4% for
DDR) and with curative intent (3.8% of all patients, 0.4% for
DDR). The chemotherapy regimen with high risk (>20%) of FN
was applied in 55.9% of patients (68.6% for DDR). Interestingly
a relatively high percentage of patients in moderate risk of FN
(10-20%) underwent prophylactic lipegfilgrastim (42.4% of the
whole cohort, 29.9% for DDR). These data indicate that the
riskiness of chemotherapy regimen was not the only criterion for
making clinical decision on the lipegfilgrastim application in
neutropenia PP. In routine clinical practice, physicians are also
taking into account additional criteria (such as patients’ age,
comorbidities, performance status and others). The incidence of
at least one episode of FN during the observation period was
detected in only 2.2% of breast cancer patients (1.8% for DDR).
From the perspective of lipegfilgrastim effectiveness, it was
favorable that the CHT dose reductions due to chemotherapy-
induced severe neutropenia were observed only in 0.7% (0.6%
for DDR) of administrated CHT cycles. The lipegfilgrastim
safety profile was very good in this sub-analysis as well. Adverse
events associated with lipegfilgrastim administration were
observed in 26.7% of patients (34.3% for DDR). The most
common adverse event was skeletal pain (11.1% of all patients,
18.6% for DDR). Serious adverse events (grade 3, 4 - according
to CTCAE V4.03) were observed in 2.6% of patients (3.3% in
DDR). Also, this interim analysis demonstrated high
effectiveness and safety of lipegfilgrastim for prophylaxis of
chemotherapy-induced neutropenia in the subset of patients with
breast cancer. 
Favorable results in FN prophylaxis with lipegfilgrastim in

routine clinical practice were observed also for patients
suffering from non-Hodgkin's lymphoma (NHL). Another
interim analysis examined the subset of patients with NHL from
the NADIR clinical trial (15). In this sub-analysis, there were
evaluated 205 patients with NHL undergoing chemotherapy, of
which 66 were treated with (R-)CHO(E)P-14 regimen
(including at least one of cyclophosphamide, vincristine and
doxorubicin). Once again, patients received lipegfilgrastim
during ongoing chemotherapy treatment for neutropenia PP, SP
or with curative intent. The median patients’ age was 68.1 years
and 78.5% of patients had at least one comorbidity. The
majority of patients (81%) had good performance status ECOG
0/1. More than half (57.1%) of patients (69.7% for (R-
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)CHO(E)P-14) were treated by CHT with curative intent
(adjuvant therapy, neoadjuvant therapy), whereas 41.5% of
patients (27.3% for (R-)CHO(E)P-14) were treated with
palliative intent. Most patients obtained lipegfilgrastim in PP
(74.1% of the whole cohort of patients, 90.9% for (R-
)CHO(E)P-14) and only 13.7% of patients (3% for
(R)CHO(E)P-14) were treated in SP. For the remaining patients,
lipegfilgrastim was used with curative intent. Chemotherapy
regimens with high risk (>20%) of FN were administered in
59.5% of patients (63.6% for (R-)CHO(E)P-14). A relatively
high percentage of patients in moderate risk of FN (10-20%)
again played a role in the decision-making process of
lipegfilgrastim administration. Also, in myeloproliferative
diseases, there exist other important cofactors in the decision-
making process of lipegfilgrastim administration (such as
comorbidities, patient’s age and performance status) (16, 17).
Severe neutropenia (NCI CTCAE grade 3, 4) occurred in 37.1%
of patients (36.4% for (R-)CHO(E)P-14); however, at least one
episode of FN was observed in only 2% of patients (3% for
(R)CHO(E)P-14). The necessity to CHT dose reduction was
observed only in 7.1% (7.3% for (R-)CHO(E)P-14) of
administrated CHT cycles (990 cycles in all patients with NHL
and 354 cycles for the (R)CHO(E)P-14 regimen, respectively).
From the perspective of lipegfilgrastim effectiveness, it was
favorable that the CHT dose reductions due to chemotherapy-
induced severe neutropenia were observed only in 0.7% (0.3%
for (R)CHO(E)P-14) of administrated cycles. The safety profile
of lipegfilgrastim was once again very positive in this interim
analysis. Adverse events associated with the administration of
lipegfilgrastim were observed in 14.1% of patients (6.1% for
(R-)CHO(E)P-14). The skeletal pain was the most common
side-effect (4.4% of all patients, 1.5% for (R-)CHO(E)P-14).
Serious side-effects (grade 3, 4 - according to CTCAE V4.03)
associated with the lipegfilgrastim administration were observed
in 0.5% of patients (0% for (R-)CHO(E)P-14). Therefore, this
interim analysis as well demonstrated the high effectiveness and
safety of lipegfilgrastim for prophylaxis of chemotherapy-
induced neutropenia in the subset of patients with NHL. 

Summary

Based on the results discussed above, it can be summarized that
lipegfilgrastim is safe and effective in the prevention of FN in
medium, as well as high-risk CHT regimens, in patients with
various diagnoses of solid tumors and lymphoproliferative
disorders (Table I). Lipegfilgrastim is safe and highly effective
also in patients treated with intensified regimens (DDR, (R-
)CHO(E)P-14) that are administered at two-week intervals. The
severe neutropenia, as well as FN incidences, were very low in
all published interim analyses. Lipegfilgrastim was well
tolerated. The types and numbers of reported adverse events
were in concordance with the XM022 registration study and the
results of similar analyses (11, 18). It is important to realize that
the risk of CHT regimen (in relation to CHT-induced
neutropenia) is not the only criterion of G-CSF administration
in the prevention of FN. Other very important factors are
patient’s condition (such as age, comorbidities, performance
status) and the mutual cooperation between the patient and
doctor (good compliance) (5, 19, 20). The discussed results
proved that the prophylactic administration of lipegfilgrastim can
almost eliminate the risk of FN and significantly reduce the risk
of CHT dose reduction in the routine clinical practice in cases
of a clear high-risk chemotherapy regimen or, in the presence of
risk factors (such as age, comorbidities, performance status etc.),
in patients who received chemotherapy with medium risk of FN.
This finding becomes more important especially for patients in
the adjuvant stage of an oncological treatment. 
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Table I. Effectiveness and safety of lipegfilgrastim neutropenia prophylaxis in routine clinical practice. Summary of results from published interim
analyses.

Cancer diagnosis                             Number of pts. included             Febrile neutropenia                 Severe neutropenia                   Serious adverse 
(Clinical trial)                                       in interim analyses                       incidence (%)                (grade 3, 4) incidence (%)                  events (%)

Various cancer types                                        621                                        2.4 (PP)                            2.9 (grade 4, PP)                                4.8
(LEOS trial)                                                                                                    1.2 (SP)                             4.8 (grade 4, SP)
Breast cancer                                                   741                                            2.2                                          29.4                                          2.6
(NADIR trial)                                 (of which 274 with DDR)                    1.8 (DDR)                               33.9 (DDR)                              3.3 (DDR)
Non-Hodgkin’s lymphoma                              205                                            2.0                                           37.1                                           0.5
(NADIR trial)                                    (of which 66 with (R-)              3.0 (R-)CHO(E)P-14              36.4 (R-)CHO(E)P-14               0 (R-)CHO(E)P-14
                                                          CHO(E)P-14 regimen)

PP, Primary prophylaxis; SP, secondary prophylaxis; DDR, dose-dense chemotherapy regimen; pts, patients.
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