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Abstract: Neutropenia and febrile neutropenia (FN) are frequent and potentially fatal toxicities
of myelosuppressive anticancer treatments. The introduction of granulocyte colony-stimulating
factors (G-CSFs) in clinical practice has remarkably reduced the duration and severity of neu-
tropenia, as well as the incidence of FN, thus allowing the administration of chemotherapeutic
agents at the optimal dose and time with lower risk. The current scenario of G-CSFs in Europe
includes filgrastim, lenograstim, some G-CSF biosimilars, and pegfilgrastim. Recently, a novel
long-acting G-CSF, lipegfilgrastim, became available. Lipegfilgrastim is a glycopegylated
G-CSF, alternative to pegfilgrastim, and has shown in randomized trials, to be equivalent to
pegfilgrastim in reducing the incidence of severe neutropenia and FN in patients with breast
cancer receiving chemotherapy, with a similar safety profile. Furthermore, lipegfilgrastim was
more effective than the placebo in reducing the incidence of severe neutropenia, its duration,
and time to absolute neutrophil count recovery, in patients with non-small cell lung cancer
receiving myelosuppressive therapy. Although the number of studies currently published is still
limited, lipegfilgrastim seems to be a promising drug in the management of chemotherapy-
induced neutropenia.

Keywords: neutropenia, febrile neutropenia, granulocyte colony-stimulating factors, G-CSE,
pegfilgrastim, lipegfilgrastim

Introduction
Neutropenia is one of the most frequent and serious complications in cancer patients
receiving chemotherapy. Chemotherapy-induced neutropenia (CIN) can lead to febrile
neutropenia (FN) which is commonly defined as a fever >38.5°C orally, or two con-
secutive readings of >38.0°C over a 2 hour period, and an absolute neutrophil count
(ANC) <0.5x10%/L, or expected to fall below 0.5x10°%L."* CIN is generally classi-
fied according to its severity; the Common Toxicity Criteria of the National Cancer
Institute, which is the most used scale in the world for grading chemotherapy-related
cytopenias, distinguishes five grades of neutropenia: grade 1 (ANC: 1.5-2.0x10°/L),
grade 2 (1.0-1.5x10°L), grade 3 (0.5-1.0x10°/L), grade 4 (less than 0.5x10°/L), and
grade 5 (death).* Because neutrophils are one of the principal mediators of the innate
immune system and the first-line of defense to many infective agents, severe neutro-
penia can lead to life-threatening infection and sepsis.’ Indeed, severe CIN and FN
are associated with increased risk for infections and related morbidity and mortality
in cancer patients receiving myelosuppressive chemotherapy.®’

As observed for other hematological toxicities, CIN and FN are strongly related to
the type of chemotherapy. The anti-neoplastic agents and the combination regimens
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are crucial to estimate the risk of FN: chemotherapy regi-
mens that lead to an incidence of FN greater than 20% is
considered at high-risk, whereas an incidence of 10%—-20%
and less than 10% are considered at intermediate-risk and
low-risk, respectively.®®

Chemotherapy combinations, containing anthracycline
plus cyclophosphamide, frequently used for the treat-
ment of patients with breast cancer or lymphoma, or anthracy-
cline plus taxane, are associated with high risk of FN.!0:!!

Dose-dense (increased frequency) and dose-intense
(increased dose) regimens improve the efficacy of a treatment,
but are related to a higher risk to develop severe neutropenia
and FN.'213

The risk of FN also depends on patient-related factors.”!*
Elderly patients (generally more than 65 years old) are at
higher risk for developing severe neutropenia.'>!® In addi-
tion, previous chemotherapeutic or radiotherapic treat-
ments increase the risk of CIN because of the potentially
compromised medullary reserve, as well as the presence of
bone marrow metastasis in a solid tumor. Other risk factors
for neutropenic complications are poor performance and
nutritional status, medical comorbidities including liver and
renal dysfunction, and hematological malignancies.'”!® Low
blood cell count at baseline and previous episodes of FN can
also negatively impact on CIN and FN." Although not yet
validated, the models for predicting FN based on the risk fac-
tors have also been proposed for patients with hematological
cancers and breast cancer.?!

As a consequence of FN, patients could require antibiotic
treatment and hospitalization; furthermore, FN could lead to
dose reductions and treatment delays that may impact nega-
tively on the efficacy of the planned treatment.”*?! Indeed,
poor outcome due to the modification of the planned che-
motherapy regimen has been described in patients with lym-
phoma, breast cancer, lung cancer, and ovarian cancer.?>2*

Thus, preventing the occurrence of CIN and FN and their
potentially fatal consequences is a clinical priority for patients
undergoing anticancer treatments.

Granulocyte colony-stimulating

factors

The introduction of granulocyte colony-stimulating fac-
tors (G-CSFs) in the 1980s had a remarkable impact on
reducing the duration of CIN and the incidence of FN by
stimulating neutrophil proliferation and differentiation in
cancer patients receiving chemotherapy.” In clinical prac-
tice, the prophylactic use of G-CSF varies widely in the
timing of administration and in choice of patients to treat.

International guidelines recommended the use of G-CSF
from the first cycle of chemotherapy (primary prophylaxis)
if chemotherapy is associated with a high-risk to develop
FN, or in patients who had experienced FN after a previous
cycle of chemotherapy, in which primary prophylaxis had
not been administered, and reducing dose intensity is not an
appropriate strategy (secondary prophylaxis). G-CSFs are
also indicated in subjects with any factor that can increase
the overall risk of FN.822¢6

Filgrastim, a recombinant G-CSF (rG-CSF) produced
in Escherichia coli, was approved by US Food and Drug
Administration in 1991. Multiple randomized trials demon-
strated that treatment with filgrastim reduced the incidence
of fever and infection, as well as the use of antibiotic/anti-
fungal treatments and hospitalization, in patients receiving
myelosuppressive therapy for cancer disease.?”-* Filgrastim
is also used in patients with congenital or idiopathic neu-
tropenia or for reducing the time of neutropenia recovery
following chemotherapy treatment of adults with acute
myeloid leukemia.

Lenograstim, a glycosylated rG-CSF derived from Chinese
hamster ovary cells, represents a valid alternative to filgrastim
in management of neutropenia of patients receiving myeloab-
lative treatments.? Lenograstim is more stable and probably
more active than filgrastim on a weight-by-weight basis
with regards to in vitro colony-forming and cell assays.3"3!
However, in a systematic review comparing lenograstim
with filgrastim, no reason to prefer lenograstim in any of the
approved indications was identified.?

Filgrastim and lenograstim are short-acting G-CSFs; they
are used by daily subcutaneous injections after each chemo-
therapy cycle. These G-CSFs are rapidly cleared through the
kidney filtration, resulting in a brief circulating half-life.

Both filgrastim and lenograstim are widely administered
in the transplant setting, either for mobilization of hematopoi-
etic stem cells out of bone marrow into peripheral blood,
replacing bone marrow collection, or as supportive care after
autologous or allogenic transplantation.®*

Several filgrastim biosimilars, showing similar effects to
the originator G-CSF, have been developed over the years.*

Pegfilgrastim
Pegylation is a process in which polyethylene glycol (PEG)
chains are attached to protein drugs, increasing the mass and
allowing drug protection from enzyme degradation and rapid
renal clearance (Figure 1).%

Pegfilgrastim is obtained by a covalent attachment of
PEG to the N-terminal methionine residue of filgrastim.
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Figure | Schematic structures of pegfilgrastim.

Notes: (A) A recombinant form of G-CSF to which a 20 kDa PEG molecule is
covalently bound to the N-terminal methionine residue, and lipegfilgrastim (B), in
which a 20 kDa PEG-sialic acid derivative is transferred to a O-glycan moiety bound
at the threonine |34 site of rG-CSF.

Abbreviations: Met, methionine; PEG, polyethylene glycol; rG-CSF, recombinant
granulocyte colony-stimulating factor; Sia, sialic acid; Thr, threonine.

Because of the addiction of the PEG, filgrastim significantly
reduces its renal clearance and is primarily cleared by neu-
trophils, creating a self-regulated mechanism of excretion.
Pegfilgrastim and filgrastim bind equally to the same G-CSF
receptor and have the same mechanism of action, but due
to its different pharmacokinetic features, only a single dose
of 6 mg of pegfilgrastim is required per cycle.’¢’

A randomized Phase III trial demonstrated that a single
dose of pegfilgrastim was comparable to multiple daily injec-
tions of filgrastim in providing neutrophil support after myelo-
suppressive chemotherapy, and was as safe and well tolerated
as filgrastim.*® Further studies showed that the efficacy of
pegfilgrastim was similar to or greater than filgrastim, with a
schedule of administration characterized by a better treatment
compliance and improved patient quality of life.*

Prophylaxis with pegfilgrastim was also effective and well
tolerated in patients with [ymphoma receiving chemotherapy,
particularly in dose-dense schedules of treatment.*#!

Data suggest that, compared with daily G-CSFs, a single
dose of pegfilgrastim was at least equal in the mobilization
of hematopoietic stem cells as well as in tolerability, marrow
recovery, severity of neutropenia, incidence and duration of
FN, infections and transfusions following high-dose therapy,
and autologous blood stem cell transplantation.*>*

Lipegfilgrastim
Lipegfilgrastim (Lonquex®, TEVA Ltd, Petach Tikva,
Israel), previously known as XM22, is a new, once-per-cycle,
pegylated, recombinant G-CSF, alternative to pegfilgrastim,
approved by the European Medicines Agency in July 2013 for
reducing the duration of CIN and the incidence of FN in cancer
patients receiving chemotherapy (with the exception of chronic
myeloid leukemia and myelodysplastic syndrome).*
Lipegfilgrastim is synthetized using a highly site-specific
glycoPEGylation technology, consisting of a conjugation of

single 20-kDa PEG to a previously attached glycan moiety
and not directly to an amino acid as in standard pegylation
of pegfilgrastim (Figure 1). The different structure of lipeg-
filgrastim results in different pharmacokinetic and pharma-
codynamic properties.**

Based on preclinical studies, G-CSF receptor binding
was equivalent between lipegfilgrastim and pegfilgrastim.
In addition, lipegfilgrastim showed greater time-dependent
resistance to neutrophil elastase degradation and greater
retention of activity than pegfilgrastim. This might explain
the longer in vivo half-life of lipegfilgrastim compared with
pegfilgrastim.*+

Pharmacokinetic and pharmacodynamic properties and
safety of lipegfilgrastim were assessed in two Phase I, single-
blind, randomized studies conducted in healthy adult subjects,
and published in a single paper.*°

In the first study, two body-weight-adjusted doses of
lipegfilgrastim (50 and 100 pg/kg) or a single body-weight-
adjusted dose of pegfilgrastim (100 pg/kg), were adminis-
tered subcutaneously to healthy volunteers.

The second study, based on the pegfilgrastim dose recom-
mended in clinical practice, compared a fixed 6 mg subcu-
taneous dose of lipegfilgrastim with a 6 mg subcutaneous
dose of pegfilgrastim in 36 healthy volunteers.

After body-weight-adjusted and fixed doses, cumula-

tive exposure (AUC and AUC ) and peak exposure

0—tlast
(C,,.) were higher for lipegfilgrastim than pegfilgrastim.
In both studies, the terminal elimination half-life of
lipegfilgrastim was 5—10 hours longer than the terminal
elimination half-life for pegfilgrastim at the maximum
dose; similarly, the time to maximum serum concentra-
tion (7, ) was measured later for lipegfilgrastim than
pegfilgrastim. Furthermore, in both studies, the area over
the baseline effect curve for ANC was approximately
30% higher with lipegfilgrastim than with pegfilgrastim,
whereas ANC_ were similar for the same dose of the
two drugs. The discrepancy between ANC area over the
baseline effect curve and ANC__ was likely due to the
longer duration of action of lipegfilgrastim as a result
of a slower clearance. The safety of the two long-acting
G-CSF was similar and no serious adverse events (AEs) or
clinically significant alterations in laboratory parameters
occurred in both studies; tolerability of lipegfilgrastim
was consistent with data of pegfilgrastim reported in
healthy subjects.’!

Efficacy (Table 1) and safety of lipegfilgrastim in reduc-
ing the duration of CIN and the incidence of FN were tested
in Phase II and Phase III trials.

Biologics: Targets and Therapy 2016:10

submit your manuscript 3

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Guariglia et al

Dove

Table | Efficacy of lipegfilgrastim in randomized trials

Author, Drug (number of Tumor, Incidence of severe neutropenia (%) Mean DSN (days)
year patients) type
Buchner Lipegfilgrastim 3 mg (n=53) High risk Cycle | Cycle 2 Cycle 3 Cycle 4 Cycle | Cycle 2
et al, 2014% Lipegfilgrastim 4.5 mg (n=51) breast cancer 56.60 20.75 18.87 17.31 1.08 0.32
Lipegfilgrastim 6 mg (n=50) 50.98 7.84 6.0° 8.33° 0.84 0.14
Pegfilgrastim 6 mg (n=54) 38.0 18.0° 10.0° 8.0° 0.76 0.18°
53.70 33.96 24.53 26.42 0.87 0.41
Bondarenko  Lipegfilgrastim 6 mg (n=101)  High risk Cycle | Cycle 2 Cycle 3 Cycle 4 Cycle | Cycle 2
etal, 2013*  Pegfilgrastim 6 mg (n=101) breast cancer  43.6 85 8.6 12.2 0.7 0.1
51.1 21.5 12.1 12.1 0.8 0.3
(P=NS) (P=0.0130)  (P=NS) (P=NS) (P=NS) (P=NS)
Volovat Lipegfilgrastim 6 mg (n=250)  Non-small cell Cycle | Cycle 2 Cycle 3 Cycle 4 Cycle | Cycle 2
etal, 2015*  Placebo (n=125) lung cancer 32.1 16.7 13.8 14.8 0.6 0.3
59.2 524 5.1 55.6 23 22
(P<0.0001) (P<0.0001) (P<0.0001) (P<0.0001) (P<0.0001) (P<<0.0001)

Notes: P=0.01 versus pegfilgrastim; ®P=0.05 versus pegfilgrastim; P<0.001 versus pegfilgrastim.
Abbreviations: ANC, absolute neutrophil count; DSN, duration of severe neutropenia; FN, febrile neutropenia; NS, not significant.

In a Phase II, randomized, double-blind, dose-finding
trial 208 chemotherapy-naive patients with high-risk
stage II, III, or IV breast cancer were randomized 1:1:1:1 to
receive lipegfilgrastim at 3, 4.5, and 6 mg or pegfilgrastim at
6 mg subcutaneously on day 2 of each chemotherapy cycle
(doxorubicin/docetaxel on day 1 for four 3-week cycles).>>
The mean duration of severe neutropenia (DSN) in cycle 1
(primary endpoint) decreased by increasing lipegfilgrastim
doses, with the most effective dose being 6 mg, without
significant differences between treatment groups. In addi-
tion, lipegfilgrastim at 6 mg had comparable efficacy with
pegfilgrastim at the same dose, because mean DSN after the
first cycle was 0.76 days in the lipegfilgrastim 6 mg arm and
0.87 days in the pegfilgrastim 6 mg arm (P=not significant
[NS]). In cycles 2—4, the mean DSN was shorter than cycle
1 in all treatment groups and was significantly shorter in
the lipegfilgrastim 6 mg arm than in pegfilgrastim arm; fur-
thermore, the incidence of severe neutropenia was lower in
the lipegfilgrastim groups compared with the pegfilgrastim
group for each chemotherapy cycle. In all cycles, incidence
of severe neutropenia was lower with lipegfilgrastim at the
doses of 4.5 and 6 mg than lipegfilgrastim at 3 mg and peg-
filgrastim, and also significantly lower than pegfilgrastim at
cycles 2, 3, and 4 (P<<0.05). The percentage of patients who
experienced severe neutropenia in cycle 1 was higher in the
lipegfilgrastim 4.5 mg arm than in lipegfilgrastim 6 mg arm
(50.98% versus 38%, P=NS). Lipegfilgrastim 6 mg was the
only dose associated with a significantly higher ANC at nadir
(P=0.05) and with a shorter ANC recovery time (P<<0.05)
versus pegfilgrastim for all chemotherapy cycles. Only one
patient in the pegfilgrastim group experienced FN in cycle 1.
FN was observed in two (3.9%) 4.5 mg lipegfilgrastim,

three (6.0%) 6 mg lipegfilgrastim, and two (3.7%) pegfil-
grastim patients. No mortality related to FN was reported.
AEs, whose frequency decreased with each chemotherapy
cycle, were similar among treatment arms, and no differ-
ence in the three doses of lipegfilgrastim was reported. As
expected, the vast majority of the AEs was due to chemo-
therapy regimen. Only 1.9% of patients experienced AEs
leading to G-CSF discontinuation, mainly for withdrawal of
informed consent. In particular, bone-pain-related symptoms
(bone pain, myalgia, arthralgia, and back pain) occurred
in 4.3%—19.2% of patients without significant differences
in the four arms. Thus, this Phase II trial established that
lipegfilgrastim 6 mg is the optimal dose for breast cancer
patients receiving chemotherapy, and is at least equivalent
to pegfilgrastim at a standard dose of 6 mg.
Non-inferiority of lipegfilgrastim versus pegfilgrastim
was demonstrated in a multicenter, Phase III, randomized,
double-blind trial.** High-risk stage II, III, and IV breast
cancer patients receiving chemotherapy (doxorubicin/doc-
etaxel) were randomized to receive either 6 mg lipegfilgrastim
(n=101) or 6 mg pegfilgrastim (n=101) on day 2 of each
21-day cycle (four cycles maximum). Mean DSN in cycle 1,
that was the primary efficacy endpoint, was similar in both
arms (0.7 days for lipegfilgrastim and 0.8 days for pegfil-
grastim, P=0.126). The mean DSN was shorter in cycles 2—4
than in cycle 1, and no statistically significant difference was
observed in DSN between the two groups in cycles 2—4. There
was also no statistically significant difference in the incidence
of FN in cycles 1-4 between the treatment groups and no
mortality related to FN was reported. Severe neutropenia,
mostly occurring after the first cycle (43.6% lipegfilgrastim
versus 51.1% pegfilgrastim, P=0.3409), was observed with no
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Incidence of FN (%)

Mean time to ANC recovery (days)

Cycle 3 Cycle 4 All cycles

0.30 0.23° 0

0.20 0.22° 3.9

0.12° 0.12 6.0

0.35 0.48 37

Cycle 3 Cycle 4 No statistical difference in cycles |4
0.1 0.2

0.2 0.2

(P=NS) (P=NS)

Cycle 3 Cycle 4 Cycle | Cycle 2 Cycle 3
0.4 0.5 2.4 0.5 0.5

2.0 23 5.6 0 I.1
(P<<0.0001) (P<<0.0001) (P=NS) (P=NS) (P=NS)

Cycle | Other cycles not reported

7.32

6.10

5.80°

7.44

Cycle | Cycle 2 Cycle 3 Cycle 4

5.9 3.6 3.9 33

74 5.3 5.1 4.3

(P=0.0026) (P=0.0082) (P=0.0332) (P=NS)
Cycle 4 Cycle | Cycle 2 Cycle 3 Cycle 4
1.2 6.8 5.6 6.0 5.4
25 13.0 13.8 13.7 14.0
(P=NS) (P<0.0001) (P<0.0001) (P<<0.0001) (P<<0.0001)

statistically significant difference in incidence in cycles 1, 3,
and 4, whereas, in cycle 2, the incidence of severe neutropenia
in lipegfilgrastim and pegfilgrastim groups was 8.5% and
21.5%, respectively (P=0.0130). The majority of patients in
both groups received chemotherapy as scheduled, with mean
percentage of doxorubicin and docetaxel administered reach-
ing more than 98% in each cycle. In lipegfilgrastim group,
31 patients received delayed chemotherapy treatment and no
dose omissions or reductions in cycles 2—4; in pegfilgrastim
group, 36 patients received delayed chemotherapy treatment,
and eight patients had dose omissions or reductions in cycles
2-4. Reported toxicities were similar in two treatment arms.
Again, most AEs were due to complications of chemotherapy
or to the primary disease, and occurred with no statistically
significant difference in two groups. Bone-pain-related
symptoms, including arthralgia, back pain, bone pain, neck
pain, myalgia, or other musculoskeletal symptoms, were the
most common AEs observed in the study and were reported
in 24 (23.8%) patients in the lipegfilgrastim group and 17
(16.8%) patients in the pegfilgrastim group, with no statisti-
cally significant difference.

Evaluations of pharmacokinetics properties of lipegfil-
grastim, compared with pegfilgrastim, were also conducted
by collecting the blood samples in a subset of patients during
cycles 1 and 4. Pharmacokinetics of the two drugs were gen-
erally similar, the only difference being that lipegfilgrastim
had almost 50% higher AUCand AUC _ in cycle I.

The incidence of bone-pain-related symptoms in patients
treated with lipegfilgrastim was assessed in a post hoc
analysis of the two randomized studies which compared
6 mg lipegfilgrastim with 6 mg pegfilgrastim in patients with
breast cancer receiving chemotherapy.”® The analysis of the

data from 306 patients (lipegfilgrastim, n=151; pegfilgrastim,
n=155) showed that the number of patients who experienced
bone-pain-related treatment-emergent AEs was similar in the
two groups (25.2% versus 21.9%, respectively); likewise,
the number of patients treated with lipegfilgrastim who had
bone-pain-related treatment—emergent adverse drug reactions
was compared with that of patients treated with pegfilgrastim
(18.5% versus 16.8%, respectively).

The results of another Phase 111, double-blind, randomized
trial aimed to demonstrate the superiority of lipefilgrastim
versus placebo in adults with non-small cell lung receiv-
ing chemotherapy (cisplatin and etoposide), were recently
published.* The study included 375 patients (6 mg lipeg-
filgrastim, n=250; placebo, n=125) because of the control
arm with placebo, patients with individual high risk for FN
were excluded. Study drug was administered 24 hours after
chemotherapy (day 4) of a 21-day cycle for four cycles.

Incidence of FN in cycle 1 was lower in the lipegfilgrastim
group (2.4%) compared with placebo group (5.6%), without,
however, a statistically significant difference, thus failing
the primary endpoint; this probably happened because the
chemotherapy regimen at the doses used in the study, has a
risk of FN <20%, whereas patients with individual high risk
(=20%) of FN were excluded.

Lipegfilgrastim group had significantly shorter DSN in
cycle 1 as well as in cycles 2, 3, and 4, compared with the pla-
cebo group. Similarly, the incidence of severe neutropenia was
significantly lower in patients receiving lipegfilgrastim, overall
and after each cycle, compared with patients receiving pla-
cebo. Mean ANC nadir was lowest in cycle 1 and significantly
higher for lipegfilgrastim group than for the placebo one. In
addition, the mean time to ANC recovery from ANC nadir was
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significantly shorter in the lipegfilgrastim versus placebo in each
cycle. Chemotherapy delays were significantly lower in patients
treated with lipegfilgrastim than in patients receiving placebo
(cycle 2: 28.5% versus 65.1%; cycle 3: 42.1% versus 66.3%;
cycle 4: 40.4% versus 75.3%, respectively; all P=0.0001).

No significant difference in incidence of AEs was
observed between the two study groups. Bone-pain-related
symptoms were mild or moderate and were reported in
lipegfilgrastim group and placebo group in 8.5% and
6.4%, respectively. Discontinuation from the study was not
different between the two groups (23.0% lipegfilgrastim
group, 26.4% placebo group).

Recently, the results of the interim analysis of a non-
interventional study on the use of lipegfilgrastim on the
prophylaxis of CIN were presented.’’ The study was designed
to assess the efficacy and safety of lipegfilgrastim in reduc-
ing severe neutropenia and FN in real-life conditions at
80 oncology practices across Germany. The analysis included
224 patients who had completed at least one cycle of chemo-
therapy with lipegfilgrastim support. The main neoplasia types
were breast cancer (46.0%), lung cancer (13.4%), and non-
Hodgkin lymphoma (10.7%). The FN risk was assessed by
investigators: 45.5% of patients had a high FN risk (>20%),
50.4%, and 3.1% were in medium-risk (10-20%) and low-risk
(<10%), respectively. Lipegfilgrastim was used as primary
prophylaxis in 67.0% of patients, as secondary prophylaxis in
15.2% and with therapeutic intent in 17.4%. During the first
cycle 3 (1.3%), patients developed FN (data are missing for
4.9%). No FN was observed when lipegfilgrastim was admin-
istered as primary prophylaxis, whereas FN was observed in
one (2.9%) patient who received lipegfilgrastim as secondary
prophylaxis and in two (5.1%) patients who received lipeg-
filgrastim with therapeutic intent. In the subgroup of patients
with breast cancer, no FN was observed in patients in primary
prophylaxis or with therapeutic intent during the first cycle of
chemotherapy, whereas 1 (7.1%) patient developed FN during
secondary prophylaxis. Furthermore, two patients who had
been receiving primary prophylaxis, and one patient who had
been receiving secondary prophylaxis, had severe neutropenia
during the first cycle. Lipegfilgrastim was well tolerated; bone
pain, musculoskeletal/connective tissue disorders, myalgia,
and arthralgia were not severe (grade 1/2) and were observed
in 2.7%, 1.3%, 0.4%, and 0.4% of patients, respectively.

Conclusion

Some years ago, the usage of the pegylation strategy in
the synthesis of rG-CSFs enabled the production of peg-
filgrastim, which had the same efficacy of a daily G-CSF

with a unique administration per-cycle. Lipegfilgrastim is a
second-generation, long-acting, once-per-cycle G-CSF, devel-
oped to reduce the DSN and the incidence of FN in cancer
patients receiving myelosuppressive anticancer drugs.

By the results of the few randomized trials available at
the moment, lipegfilgrastim has shown to be equivalent to
pegfilgrastim in the management of CIN, at least in the setting
of breast cancer and superior to placebo in that of lung cancer.
Furthermore, lipegfilgrastim seems to be well tolerated and
to have a similar safety profile of pegfilgrastim.

Lipegfilgrastim chemical structure and its pharmacoki-
netic and pharmacodynamic properties may explain some
differences observed in the randomized trials when compared
with pegfilgrastim.

To the best of our knowledge, neither consistent data about
the efficacy of lipegfilgrastim in patients undergoing chemo-
therapy for hematological malignancies nor data in hematopoi-
etic stem cells transplant setting have been published so far.

In conclusion, lipegfilgrastim is a promising molecule,
alternative to pegfilgrastim, which can be used to manage
neutropenia in patients undergoing chemotherapy when a
long-acting G-CSF is considered the best choice.
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