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Granulocyte colony-stimulating factor (G-CSF), a protein
that stimulates the growth of new blood cells, was isolated
from human cells by Malcolm Moore and Karl Welte in 1984
[1]. It formed the basis for filgrastim, one of the most impor-
tant drugs in cancer therapy [2]. In the hierarchical develop-
ment of hematopoiesis, G-CSF predominantly stimulates the
myeloid cell series from committed progenitor cells to mature
neutrophil granulocytes. There are several important effects
of G-CSF: maintaining the viability of progenitor cells and
their mature progeny, blocking apoptosis, stimulating cell
division, determining lineage affiliation (granulocytes or
macrophage monocytes), influencing the maturation process,
and stimulating phagocytosis activity [3]. Natural G-CSF
is O-glycosylated with a molecular weight of 19,000 Da.
Derived from the amino acid sequence, molecular cloning
of the cDNA and expression in Escherichia coli was success-
ful [4]. G-CSF acts through a homodimeric G-CSF receptor
(GCSFR) expressed on myeloid cells from myeloblasts to
mature neutrophils. It transduces the signals that trigger the
effects described [5]. The GCSFR occurs at a relatively low
density of 700—1500 per cell on the cell surface and has a
high affinity for G-CSF. A low occupancy at receptors is suf-
ficient to obtain the maximal biological response.

Many body cells can produce G-CSF after appropri-
ate stimulation; cells from the monocyte and macrophage
series are the most significant G-CSF source; however, nor-
mal cells of mesodermal origin can also produce G-CSF. In
healthy individuals, G-CSF levels are not measurable or are
below 100 pg/ml [5]. Under stress such as infection or high-
dose chemotherapy, levels can increase to over 2000 pg/ml.
There is an inverse correlation between neutrophil levels
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and G-CSF levels. Physiologically produced G-CSF acts as
a neutrophil mobilizer at the relatively late stage of acute
inflammation. In the presence of bacterial or fungal infection
and normal bone marrow function, granulocytes from the
bone marrow reserve are rapidly mobilized into the blood.
However, CXCR2 ligands mobilize 10 X more neutrophils
within 30 min than endogenous G-CSF, which requires
hours to days to do so [6].

G-CSF and granulocyte macrophage colony-stimulating
factor (GM-CSF) have pleiotropic and overlapping effects. It
required gene knockout studies in mice in order to establish
that each CSF did, in fact, have actions that were exclusive to
that CSF. G-CSF is clearly responsible for the formation of
75% of granulocytes under basal conditions [7]. GM-CSF, on
the other hand, did not appear to affect the number of mature
granulocytes, but instead was essential for the functional
activity of macrophages, particularly those in the lung [8].

GM-CSF also stimulated eosinophil colony formation and,
at high concentrations, megakaryocyte colony formation.

CSF has the ability to stimulate the functional activity of
mature cells. Thus, in mature neutrophils, GM-CSF can induce
chemotaxis, promote oxidative metabolism, enhance antibody-
dependent phagocytosis and killing of microorganisms, and
produce a variety of regulatory proteins. Similar effects have
also been demonstrated in eosinophils and monocytes. These
effects were found both in vitro and in vivo. A similar spec-
trum of effects has been documented for G-CSF and other
cytokines [9]. For the clinical use of GM-CSF, sargramostim
and molgramostim have been developed and approved.

G-CSF and clinical application

In chemotherapy-induced neutropenia, the bone marrow
reserve of granulocytes is decreased. Exogenous G-CSF
can accelerate proliferation and differentiation of progenitor
cells, making neutrophil replenishment more rapidly avail-
able and thus shortening the neutropenia phase.
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The non-glycosylated filgrastim was first produced by
Amgen and later as a biosimilar by other companies. The
glycosylated version, lenograstim, produced in CHO cells,
was approved in Europe in 1993. They are eliminated in vivo
by renal excretion, degradation via G-CSF receptors, or
serum elastase. The serum half-life of filgrastim is 3.5 h,
with a concentration of 10 ng/ml over 8-16 h [10].

Long-acting G-CSF

To prolong the half-life after subcutaneous injection to
30-53 h in patients after chemotherapy, filgrastim was
combined with polyethylene glycol (pegfilgrastim, lipegfil-
grastim) to prevent renal excretion [11, 12]. This made it
possible to apply filgrastim after chemotherapy only once
instead of daily until neutrophil regeneration.

Mobilization of hematopoietic stem cells

Hematopoietic progenitor and stem cells characterized by
the CD34 + cells also express the CXCR4 receptor, whose
ligand chemokine CXCL12 is also called stromal-derived
growth factor (SDF-1). G-CSF suppresses the CXCL12
-CXCR4 axis [13], allowing hematopoietic progenitor cells
to be mobilized into the blood in high numbers, where they
can be collected with leukapheresis and used for allogeneic
and autologous stem cell transplantation [14—-18]. Details
of stem cell mobilization are discussed elsewhere [19, 20].

Transplantation of hematopoietic stem
and progenitor cells

After autologous stem cell transplantation, G-CSF signifi-
cantly accelerates regeneration of granulopoiesis, making it
the standard of care [17, 21]. To prevent infections, G-CSF
prophylaxis is clearly preferable to antibiotic prophylaxis
because of increased bacterial resistance rates and is rec-
ommended by the ASCO guidelines [22, 23]. After alloge-
neic stem cell transplantation, G-CSF accelerates neutrophil
regeneration. Some studies have described increased rates of
acute and chronic graft versus host disease. However, meta-
analyses showed no significant increase in the rate of GvHD,
and a 1-day benefit in neutrophil regeneration. Survival and
length of hospital stay were not affected [24].

Neutropenia after chemotherapy
Chemotherapy-induced neutropenia can cause complications

such as febrile neutropenia or other infections, which can also
be life-threatening. Strategies to prevent these complications,
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such as cycle postponement or dose reduction, may worsen
the efficacy of chemotherapy. Shortening neutropenia dura-
tion and reducing neutropenia depth were therefore the first
applications of G-CSF.

G-CSF after chemotherapy significantly decreases neu-
tropenia and febrile neutropenia by stimulating granu-
lopoiesis. The initial studies after MVAC chemotherapy
for patients with urothelial carcinoma significantly reduced
days below 1000 neutrophils/ul, reduced days of antibiotic
therapy, febrile neutropenia (FN), and increased the number
of patients on scheduled chemotherapy [25]. A subsequent
prospective randomized trial in patients with small cell lung
cancer found reductions in febrile neutropenia, infections
with positive blood culture, incidence, duration and severity
of grade IV neutropenia (neutrophils <500 pl), antibiotic
therapy duration, and days with hospitalization [26].

Numerous phase III studies confirmed the reduction
in febrile neutropenia. In 2013, Lyman published a meta-
analysis of 59 randomized trials of chemotherapy with or
without G-CSF prophylaxis involving nearly 25,000 patients
with solid tumors or lymphomas. The relative risk (RR) with
G-CSF support for all-cause mortality was 0.93 (p <0.001).
The reduced risk of death was seen in all cancer types and
dose and schedule categories. Comparison of different forms
of G-CSF found filgrastim and lenograstim to be similarly
effective in reducing FN, while pegylated filgrastim “pegfil-
grastim” reduced the risk of febrile neutropenia to a greater
extent than filgrastim or lenograstim [27, 28]. An updated
meta-analysis published in 2018 showed that survival was
significantly better in patients who received primary G-CSF
support compared to patients without primary G-CSF support
(mortality RR 0.92; 95% CI 0.90-0.95; absolute risk reduc-
tion by 3.3%; 95% CI 4.2-2.4; p <0.0001) [29]. The higher
rate of secondary malignancies under G-CSF prophylaxis
and higher-dose intensity of chemotherapy published there is
outweighed by the higher survival rate. It is unclear whether
the increased rate of secondary malignancies was caused by
increased chemotherapy dose or by G-CSF. Although some
reduction in the risk of all-cause mortality was noted with the
addition of G-CSF to the chemotherapy regimen, improved
disease control is the most likely explanation for the improved
survival reported in this meta-analysis. Primary G-CSF sup-
port may enable the administration of dose-dense, dose esca-
lation, and intensified chemotherapy regimens, which may
lead to improved disease control and a resulting reduction in
mortality compared with no G-CSF support [29, 30].

G-CSF may improve neutropenia complications and
prognosis of patients receiving chemotherapy. Therefore,
the question was in which chemotherapy G-CSF should be
given. Over the years, it crystallized that patients with a risk
of febrile neutropenia of 20% or more across all cycles of
therapy benefit significantly from G-CSF prophylaxis. These
tend to be more intensive chemotherapy protocols.
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It should be noted that the additional use of monoclo-
nal antibodies in chemotherapy regimens may increase the
risk of FN. Particularly critical is rituximab, an anti-CD20
monoclonal antibody used primarily in the treatment of
CD20 + hematologic malignancies, which is known to cause
severe neutropenia independently [31].

However, additional patient-specific risk factors must
also be considered, such that if a treatment protocol has a
10-20% risk of FN, the individual patient’s risk may increase
to>20% and G-CSF prophylaxis is indicated.

Based on a multivariable risk model, the NCCN uses the fol-
lowing risk factors [32] and recommends G-CSF prophylaxis if
one or more of these are present [31]: prior chemotherapy or radi-
ation therapy, persistent neutropenia, bone marrow involvement
from tumor, recent surgery and/or open wounds, liver dysfunction
(bilirubin > 2.0), renal dysfunction (creatinine clearance <50), and
age> 65 years at full chemotherapy dose intensity.

Guidelines on supportive therapy make appropriate rec-
ommendations [23, 31, 33] (Fig. 1).

Problematically, often the FN risk of a particular chemo-
therapy is not known to users. These data on the risk of
febrile neutropenia can be extracted from the original
publications, obtained from some guidelines, or from pro-
tocol databases such as NCCN (www.nccn.org), Onco-
pti (www.oncopti.com), and others. Guideline adherence
has been investigated in several studies that showed inad-
equate G-CSF prophylaxis when chemotherapy FN risk

was 10-20% and patients with risk factors [34, 35]. Thus,
educational interventions are needed to increase guideline
implementation of G-CSF prophylaxis.

Neutropenia complications can lead to chemotherapy
dose reduction or cycle deferral in subsequent cycles,
thereby decreasing planned dose intensity and significantly
worsening patient survival probability [36, 37]. G-CSF ena-
bles dose-dense therapy by shortening chemotherapy inter-
vals, thereby contributing to improved prognosis in some
diseases [36, 38, 39].

G-CSF therefore offers the opportunity to maintain dose inten-
sity and achieve the primary goal of tumor therapy [30, 31, 33, 40].

G-CSF prophylaxis without indication is not useful as it
only adds unnecessary cost and potential side effects; ASCO
states in this regard [41]:

“Don’t use prophylactic white cell stimulating factors
unless the expected risk of febrile neutropenia associated
with a chemotherapy agent or regimen is equal to or greater
than 20%.

ASCO guidelines recommend using prophylactic white
cell-stimulating factors when the risk of febrile neutropenia,
secondary to a chemotherapy regimen, is equal to or greater
than approximately 20%, and equally effective, alternative
chemotherapy options that do not require white cell-stimu-
lating factors are unavailable.

Exceptions should be made when using chemotherapy
regimens that are typically associated with lower risk of

Analysis of the risk of febrile neutropenia (FN) before each chemotherapy cycle

Step 1: Assessment of the FN risk associated with the chemotherapy regimen

Dose-dense therapy High FN risk 220% Intermediate FN risk 210 to <20% Low FN risk <10%

* Prior chemotherapy or radiation therapy
* Persistent neutropenia

* Bone marrow involvement by tumor

* Recent surgery and/or open wound

Step 2: Assessment of patient-related risk factors

* Age over 65 years receiving full chemotherapy dose intensity

* Low performance status (low Karnofsky Index, high ECOG score)

* Comorbidities: Liver dysfunction (bilirubin >2.0 mg/dl), renal dysfunction (glomerular filtration rate <50 ml/min)

Step 3: Definition of the overall FN risk for the patient with the planned chemotherapy

Reassessment
for each cycle:
Neutropenia
complications?

FN overall risk 220%

v
G-CSF prophylaxis indicated
A

4
v
|
© H.Link L
Fig.1 Synopsis of international guidelines on the prophylactic use
of G-CSF; additional risk factors mentioned by ASCO guidelines:
advanced disease, poor performance status or poor nutritional status,
cardiovascular disease multiple comorbid conditions HIV infection

FN overall risk <20%

G-CSF prophylaxis not indicated

[23]. Secondary prophylaxis is indicated if neutropenia complications
occurred without G-CSF or neutropenia-related cycle delays were
necessary. Assessment is required after each cycle of chemotherapy.
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febrile neutropenia, if it is determined that the patient is at
high risk for this complication (due to age, comorbidities,
or disease characteristics).”

Acute myeloid leukemia

Since the malignant cells in acute myeloid leukemia (AML)
can be stimulated via the G-CSF receptor (colony-stimu-
lating factor 3 receptor (CSF3R)), physicians were initially
skeptical with G-CSF therapy based on in vitro data. On
the other hand, infections and very long and pronounced
neutropenias are major problems of AML chemotherapy.

G-CSF is approved for patients with acute myeloid leu-
kemia (AML) and is indicated for reducing the time to neu-
trophil recovery and the duration of fever, following induc-
tion or consolidation chemotherapy treatment. Neutrophils
regenerate significantly faster with G-CSF after both induc-
tion and consolidation therapy [42]. No effect was seen in
infection rates, while less antibiotic use was noted after
consolidation [43-47]. Patient survival was longer after
consolidation therapy in some studies with G-CSF [42],
and no negative effect was found in any study. In some
studies, hospitalization time was significantly shorter with
G-CSF.

We are keen to see whether additional therapy with
expanded allogeneic myeloid progenitor cells after AML
chemotherapy can further shorten neutropenia duration and,
in particular, reduce infection rates, as shown in initial clini-
cal trials [48].

G-CSF may therefore be beneficial in AML therapy. A
common counterargument is the lack of reduction in febrile
neutropenia and infections and the positive effect on sur-
vival demonstrated in only a few studies. Major arguments in
favor of G-CSF prophylaxis are the reduction of neutropenia
duration and hospitalization time and the reduced antibiotic
consumption.

G-CSF stimulation of leukemic cells aims to sensitize
them to cytotoxic chemotherapy and thereby achieve a better
therapeutic outcome. A meta-analysis showed significantly
better survival and progression-free survival [49]. A typical
application is the commonly used FLAG-IDA protocol [50].

In summary, G-CSF has a firm place in AML therapy as
both a supportive and disease-specific drug.

Myelodysplastic syndrome

In myelodysplastic syndrome (MDS), hematopoietic
cytokines, including G-CSF, should be considered for
refractory symptomatic cytopenias, such as repeated
or resistant bacterial infections. G-CSF may addition-
ally be used in the anemia therapy of low-risk MDS with
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erythropoiesis-stimulating agents. An increased rate of leu-
kemia progression has not been described. Further details
can be found, for example, in the NCCN MDS Guidelines.

Aplastic anemia

Especially severe and very severe aplastic anemia have a
high mortality and are therefore an emergency. Therapy
with G-CSF, even in combination with immunosuppressive
therapy, has no effect on long-term outcomes [51]. A higher
rate of MDS, AML, isolated cytogenetic abnormalities, solid
cancer, clinical paroxysmal nocturnal hemoglobinuria, asep-
tic osteonecrosis, chronic kidney disease, and relapse was
not demonstrated [51].

In combination with antithymocyte globulin, cyclo-
sporine, and eltrombopag, G-CSF may be used as clinically
indicated but is not a standard component of the treatment
protocol [52]. G-CSF as monotherapy is not effective and
therefore not indicated [53].

Treatment of persistent neutropenia
in advanced HIV infection

In Europe, filgrastim is approved by the EMA for the treat-
ment of persistent neutropenia (ANC less than or equal to
1.0 10%/1) in patients with advanced HIV infection, in order
to reduce the risk of bacterial infections when other options
to manage neutropenia are inappropriate. The recommended
starting dose of filgrastim is 0.1 MIU (1 pg)/kg/day with
titration up to a maximum of 0.4 MIU (4 pg)/kg/day until a
normal neutrophil count is reached and can be maintained
(ANC > 2.0 x 10%/1). Further details can be found in the
respective product information.

Radiation-induced myelosuppression
following a radiological/nuclear incident
(H-ARS)

As demonstrated in animal experiments, both filgrastim and
pegfilgrastim can improve survival after radiation-induced
myelosuppression [54-56]. Both agents are FDA approved
for this purpose and can be used to treat adult and pediat-
ric patients acutely exposed to myelosuppressive radiation
doses.

G-CSF and Covid-19

The risk of Covid-19 is significantly increased for patients
with malignancies and neutropenia [57]. Therefore, ASCO
[58], the National Comprehensive Cancer Network (NCCN)
[59], and ESMO [60] recommend the following: It may be
reasonable for patients at risk for neutropenic fever to be
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prescribed growth factor for treatment regimens at a lower
level of expected risk (e.g.,> 10% risk) or < 10% expected
risk in patients whose comorbidities or age place them at
intrinsically higher risk for FN due to poor bone marrow
reserve [59].

Secondary G-CSF prophylaxis should be given whenever
complications have occurred without G-CSF in neutropenia
[31].

Patients with active Covid-19 and concurrent G-CSF
therapy may worsen clinically [61, 62]. Because lung injury
in Covid-19 results from a hyperinflammatory immune sys-
tem response in which neutrophils are also involved, G-CSF
should be avoided in this situation [63]. However, this issue
should not lead to the omission of routine prophylaxis after
chemotherapy with G-CSF in Covid-19-negative patients;
rather, the goal here is to avoid neutropenia complications
with G-CSF [59, 64].

Timing of application and duration
of therapy

With G-CSF preparations to be given daily, it is often not
considered that administration must continue until neutro-
phils have returned to normal, as has been done in most stud-
ies. It has been well known for many years that with daily
G-CSF prophylaxis, the risk of hospitalization for neutropenia
or infection declines with each additional day of filgrastim
prophylaxis among patients with NHL and breast cancer and,
possibly, among those with lung cancer. Patients with at least
7 days of G-CSF prophylaxis had a significantly lower risk of
hospitalization than patients with fewer treatment days [65].

In everyday clinical practice, this daily therapy is usually
administered for a much shorter period of time. Accord-
ingly, clinical efficacy is not assured [66]. G-CSF should
be applied the day after chemotherapy but after no more
than 3—4 days, and until the nadir is crossed and the proxim-
ity of the neutrophil normal range is reached [31]. G-CSF
should be applied the day after chemotherapy but after no
more than 3—4 days, and until the nadir is crossed and the
proximity of the neutrophil normal range is reached [31].
The laboratory control of the neutrophil count should be
adapted to the therapy situation; a daily control would not
be necessary.

The problem of G-CSF prophylaxis after chemotherapy
being too short can be solved by using long-acting G-CSF,
which only needs to be injected once. These pegylated
filgrastim preparations should be administered no earlier
than 24 h but no later than 3 days after the end of cytostatic
administration. It is suggestive to give long-acting G-CSF
on the last day of chemotherapy to reduce the burden on
the patient and the team. However, the rate of neutropenia
and febrile neutropenia is then higher [67]. Therefore, it is

not recommended to give pegfilgrastim on the same day of
chemotherapy or 4-5 days after [31].

Patients can inject pegfilgrastim themselves at home or,
if that is not possible, use an on body injector [68, 69]. This
is filled with pegfilgrastim, applied to the patient with a
subcutaneous needle, and taped to the skin. Approximately
27 h after application, the device automatically delivers the
pegfilgrastim dose over 45 min. Thus, the patient can also
be cared for by the treatment team without having to come
back for an extra pegfilgrastim injection.

Biosimilars of filgrastim and pedfilgrastim

Several biosimilars of the originator drugs filgrastim and peg-
filgrastim are now approved in different regions of the world
[70-72], several of them according to the strict requirements
of the US Food and Drug Administration (FDA) and European
Medicines Agency (EMA). There are no differences in clinical
efficacy and side effects compared to the original filgrastim or
pegfilgrastim preparation [73]. Approved biosimilars of fil-
grastim can also be used for stem cell mobilization in healthy
individuals [20].

Elderly patients

The median age of most patients with malignant disease is
approximately 65 years, meaning that half of the patients
have at least one relevant risk factor of febrile neutropenia.
This patient group benefits significantly from G-CSF proph-
ylaxis, with a significant 5.7% reduction in the absolute risk
of fatal complications after chemotherapy [27]. Dose inten-
sity can be better maintained [29, 74].

Side effects of G-CSF prophylaxis

Incidence rates of adverse events in each category com-
pare closely between filgrastim- and pegfilgrastim-treated
patients. See the full package inserts for specific product
information. In terms of relevant pegfilgrastim side effects,
mild to moderate bone pain and joint and muscle pain are
reported in about 10-30% of patients, which are mostly
well treatable with non-steroidal anti-inflammatory drugs
(NSAIDs) 5 to 7 days after GCSF administration [75].
Alternatively, prophylaxis with the antihistamine lorata-
dine reduces bone pain and with fewer side effects than the
equally effective NSAID naproxen [76]. Other side effects
are described, for example, by the EMA in the summary of
product characteristics of pegfilgrastim (Neulasta): Hyper-
sensitivity reactions, including rash, urticaria, angioedema,
dyspnea, erythema, flushing, and hypotension, occurred
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during initial or subsequent treatment with pegfilgrastim
(occasionally [>1/1000, < 1/100]). Serious allergic reactions,
including anaphylaxis, may occur in patients receiving peg-
filgrastim (occasional). Capillary leak syndrome, which can
be life-threatening if not treated promptly, has been reported
occasionally (>1/1000, < 1/100) in cancer patients undergo-
ing chemotherapy followed by granulocyte colony-stimulat-
ing factor treatment. Splenomegaly, generally asymptomatic,
occurs occasionally. Splenic ruptures, fatal in some cases, are
occasionally reported after treatment with G-CSF.

Therefore in case of pain in the left upper abdomen and/
or shoulder tip, the patients should be evaluated for an
enlarged spleen or splenic rupture. Because severe sickle
cell crisis can be induced by G-CSF, only physicians experi-
enced in the treatment of sickle cell disease should prescribe
G-CSF in these patients after careful consideration and risk
assessment.

Not unchallenged is the alleged increase in pulmonary
toxicity when G-CSF is used after bleomycin-containing
chemotherapy [31, 77]. There are several publications that
see no increased risk of interstitial pulmonary fibrosis when
patients receive bleomycin and G-CSF therapy [78, 79]. On
the other hand, in patients with Hodgkin lymphoma and
ABVD chemotherapy, a correlation is described in patients
older than 45 years between G-CSF therapy and bleomycin-
induced pulmonary toxicity [80].

Neutropenic patients with pulmonary infections may
develop acute respiratory distress syndrome (ARDS) dur-
ing the neutrophil regeneration phase, which may worsen
with G-CSF therapy (see also the “G-CSF and Covid-19”
section).

Quality of life and social value

By preventing complications, quality of life can be improved
with G-CSF prophylaxis [81, 82]. The total social value of
G-CSF therapy was analyzed in 314,440 patients treated in
the USA in 2014. Compared with what they would have
experienced without G-CSF, patients receiving G-CSF
prophylaxis were less likely to be hospitalized or die of
FN, to have their relative dose of chemotherapy reduced, to
receive antibiotics, to be unable to work, or to have reduced
health-related quality of life. The estimated total societal
value (TSV) of G-CSFs in 2014 was $8.5 billion. Industry
profits related to G-CSFs were estimated at $1.3 billion, or
about 15% of TSV [83].

G-CSF and radiation therapy
Previously, G-CSF prophylaxis was discouraged dur-

ing combined radiation chemotherapy. An older ran-
domized study showed a significant increase in grade
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3/4 thrombocytopenia and an excess of pulmonary toxic
deaths in the use of GM-CSF during concomitant medias-
tinal chemoradiotherapy in conventional two-dimensional
technique [84]. In modern three-dimensional conformal
radiotherapy, G-CSF administration concurrently with
chemoradiotherapy does not result in the increased risk
of pulmonary toxicity, but increases the risk of throm-
bocytopenia [85].

In an unplanned analysis, one study showed that rates of
febrile neutropenia were 60% lower with secondary G-CSF
prophylaxis (10% versus 22%) than without prophylaxis.
It is also interesting to note a higher-dose intensity of
cisplatin with G-CSF prophylaxis. It is possible that the
higher-dose intensity increases the rate of thrombocyto-
penia and anemia in patients with already reduced bone
marrow reserve [86]. G-CSF prophylaxis for radiation
chemotherapy could therefore be justified with these new
findings [87].

Therapeutic use of G-CSF
Treatment of febrile patients with neutropenia

G-CSF should not be routinely used in addition to antibiot-
ics in FN. However, G-CSF is indicated in patients without
G-CSF prophylaxis who do not respond to adequate antibi-
otic treatment or develop a life-threatening infection [33].
According to ASCO and NCCN recommendations [88],
G-CSF should also be administered to patients with a high
risk of infection-associated complications or unfavorable
prognostic factors—such as sepsis syndrome, age greater
than 65 years, absolute neutrophil count < 100/ul, neutrope-
nia expected to last more than 10 days, pneumonia or other
clinically documented infections, invasive fungal infection,
hospitalization at the time of fever, and a previous episode
of febrile neutropenia [23, 31].

If fever has occurred while on daily short-acting G-CSF,
then therapy should be continued until neutrophil recovery.
If pegfilgrastim was previously used, then no re-adminis-
tration is required unless neutropenia has already been pro-
longed (beyond 12—14 days), as pegylated G-CSF is unlikely
to act beyond this period. [31].

Neutropenia in critically ill cancer patients
and in documented infection

In critically ill cancer patients, neutropenia is known to be
a risk factor for increased mortality. However, when neu-
tropenia is treated with G-CSF, it is no longer a risk factor,
according to a meta-analysis involving 7515 patients [89].
With documented infection in neutropenia, interven-
tional G-CSF has no effect on mortality but shortens the
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duration of neutropenia, antibiotic therapy, and hospitaliza-
tion [90, 91].

Special situations of treatment-associated
neutropenia

CDK-4/6 inhibitors

CDK-4/6 inhibitors such as palbociclib lead to neutropenia,
which is not caused by apoptotic cell death as in chemo-
therapy, but by an arrest of the cell cycle whereby the pro-
liferation of hematopoetic stem cells decreases and resumed
proliferation following CDK4/6 dose reduction or interrup-
tion [92]. Accordingly, G-CSF prophylaxis is not required.
In case of neutropenia below 1000/ul, therapy should be
interrupted. Depending on the substance and the extent of
myelotoxicity, there are recommendations for the continu-
ation of therapy from the approvals of the substances [93].

Short chemotherapy intervals

There are few studies on neutropenia prophylaxis, with
shorter chemotherapy intervals than 14 days, so pragmatic
short-acting G-CSF is often given here on the days without
chemotherapy.

Example of such protocols is R-MPV induction chemo-
therapy in CNS lymphoma with rituximab, methotrexate,
procarbazine, and vincristine, in which filgrastim is given
for 3—-5 days after each cycle [94], weekly chemotherapy
in breast carcinoma [95-97]. This is to avoid neutropenia-
related treatment deferrals or dose reductions, thus maintain-
ing the planned dose intensity of therapy [36].

If the intensity and myelosuppressive potential of weekly
chemotherapy per dose is relatively low, then the respective
G-CSF neutropenia prophylaxis with a maximum of 6 days
after each administration is also sufficient. Although there are
no prospective controlled studies on this question, this variant
of short-term prophylaxis is not excluded by the approval.

Continuous antineoplastic chemotherapy

To date, there are no prospective studies and no guideline
recommendation on the issue of G-CSF prophylaxis during
continuous antineoplastic therapy. Few studies are available
for therapy protocols with oral agents over multiple days,
nor for tyrosine kinase inhibitors and other newer agents
[98, 99].

For example, in multiple myeloma and oral lenalidomide
treatment with intermittent G-CSF 300 pg subcutaneously
2-3 times weekly during weeks 3—4 of a 28-day cycle [98],
this allowed better adherence to the lenalidomide dose in this
retrospective study, resulting in better response and outcome.

Venetoclax therapy for chronic lymphocytic leukemia
(CLL) results in neutropenia; to maintain the target dose,
neutrophil levels below 1000/ul should be avoided. When
ventoclax was combined with obinutuzumab, 43.5% of
CLL patients received growth factor support [100]. In prac-
tice, intermittent administration of pegylated filgrastim has
proven effective during venetoclax treatment; intermittent
administration of filgrastim is also useful, but frequent blood
count checks must then be performed [99].

Neutropenia in chimeric antigen receptor T cell
therapy

Chimeric antigen receptor (CAR) T cell therapy has opened
a new era in immunotherapy of hematologic diseases [101].
Besides cytokine release syndrome (CRS), immune effec-
tor cell-associated neurotoxicity syndrome (ICANS) and
hypogammaglobulinemia have been well-described with
CAR T cell therapy. In addition, cytopenias of all cell series
occur, with neutropenias of severity grades 3—4 in 60 to
100% of mostly very heavily pretreated patients [102, 103].

After therapy with chimeric antigen receptor T cells, pan-
cytopenia occurs in many patients, with 95% having grade
3—4 neutropenia, and 62% of patients required G-CSF ther-
apy [102]. Neutropenia can be biphasic and persist for a very
long time [104]. Concerns exist with G-CSF use because of
the potential for exacerbation of ICANS or CRS. However,
there are studies showing that G-CSF does not increase the
toxicity of CAR T cell therapy [105].

The 2021 guidelines of the European Society for Blood
and Marrow Transplantation (EBMT) and the Joint Accredi-
tation Committee of ISCT and EBMT (JACIE) and the Euro-
pean Haematology Association (EHA) recommend the fol-
lowing G-CSF prophylaxis [106]:

G-CSF to shorten duration of neutropenia can be used
from day + 14 or after resolution of CRS or ICANS; can con-
sider starting earlier, e.g., day 5, if patient is at high risk of
infection, e.g., ALL, post-allogeneic hematopoietic stem cell
transplantation, high-dose steroids. For persistent neutrope-
nia (<0.5x109/1) following day + 28, consider G-CSF. The
guideline notes that contrary to previous statements, G-CSF
did not show an increase in CRS or ICANS on day 5 after
CAR-T infusion, suggesting that earlier use may be safe and
shorten the duration of neutropenia.

Neutropenia in therapy with immune checkpoint
inhibitors

Many malignancies are treated with immune checkpoint
inhibitors, with a low rate of neutropenia. Increasingly,
however, this therapy is combined with conventional chem-
otherapy, with a significantly increased risk of infection,
especially in neutropenia. G-CSF prophylaxis is therefore
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indicated with the combination especially in patients with
risk factors of infection during neutropenia, such as shown
in Fig. 1 [107].

Conclusion

Prophylaxis of neutropenia with G-CSF after chemotherapy
is an essential supportive therapy that reduces neutropenia
complications and improves patient survival and quality of

life.
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