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Abstract
The treatment of chronic neutropenias and control of neutropenia‐related infections remain challenging topics for pediatric and

adult hematologists. This article aims to fill the gap in the treatment of neutropenias and, in combination with the previously

published European guidelines on diagnosis of neutropenias, gives complete and comprehensive guidance on the whole man-

agement of patients with neutropenia. In terms of methodology, an Evidence‐Based Medicine team produced an evidence

synthesis of the literature on the treatment of neutropenias. Then, according to the robustness of the evidence, consensus

recommendations were elaborated and voted by an expert's panel from the Cooperation in Science and Technology European

Network for the Innovative Diagnosis and Treatment of Chronic Neutropenias (https://eunet-innochron.eu/) and the Specialized

Working Group on Granulocytes and Constitutional Bone Marrow Failure Syndromes of the European Hematology Association.

Whenever evidence was not available, recommendations were based on the expert's panel opinion. Consensus‐based re-

commendations are related to granulocyte colony‐stimulating factor indications and schedule of administration, indications for

hematopoietic stem cell transplantation, supportive treatments and measures, and new treatments that have been evolving over

the recent years. These guidelines, rather than a numerical correction of the absolute neutrophil count, suggest a holistic,

patient‐centered approach aiming at optimizing the management of chronic neutropenic patients and offering valuable and

practical guidance to the hematologists for their daily clinical practice.
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INTRODUCTION

Chronic neutropenias are a group of heterogeneous disorders with
the common feature of decreased absolute neutrophils count (ANC),
ranging from mild to severe, for a period of more than 3 months.1–3

According to our previous published work on the definition and di-
agnosis of chronic neutropenias, the condition is defined as con-
genital (CN; isolated or associated with extra‐hematological features)
or acquired, which can be further characterized as primary/idiopathic
(associated with the presence of antineutrophil antibodies or other
unknown mechanisms) and secondary (associated to underlying
conditions/diseases).3 A new provisional category has been re-
cognized as “likely acquired neutropenia,” which is usually diagnosed
from childhood to young adulthood and is probably associated with
underlying immune dysregulation, thus requiring extensive work‐up
to exclude potential genetic causes.3,4

The two most common complications associated with neu-
tropenia are predisposition to infections and transformation to
myelodysplastic neoplasms (MDS)/acute leukemia (AL).1,2,5 Infections
are mainly bacterial, rather than fungal or viral, and in CN are related
to the depth of neutropenia, whereas this is not generally the case in
acquired forms.1,2,5–7 Evolution to MDS/AL is mostly observed in CN
and in the acquired forms with clonal hematopoiesis.1,2,5,8

Protection against infections can be obtained by increasing ANCs
through stimulation of neutrophil production. Since the early 1990s
recombinant human granulocyte colony‐stimulating factor (rh G‐CSF,
from now on, G‐CSF) has been introduced in clinical practice,
dramatically improving the prognosis and life expectancy of patients
with severe chronic neutropenia (severe CN).9–11

To date, recommendations for the treatment of patients with
neutropenia are mostly related to G‐CSF indications, dosages, and
treatment schedules across different types of CN. In this field, the
quality and level of evidence are relatively weak due to the absence
of randomized clinical trials.1,10 Other treatments such as steroids or
granulocyte transfusions are not established or investigational
approaches while the indications for the hematopoietic stem cell
transplantation (HSCT), the only current curative procedure for
specific CN patients, are still a matter of debate. Interestingly, novel
therapeutic strategies that can effectively treat the genetic cause of
CN are under development.

This article on the treatment of chronic neutropenias aims to
cover a gap in the field by providing recommendations based on
existing literature and expert opinion. Specifically, this article is
based on a systematic review of the literature on the treatment of
neutropenia, which was revised, discussed, and voted on by a
panel of experts from the Cooperation in Science and Technology
(COST) European Network for the Innovative Diagnosis and
Treatment of Chronic Neutropenias (EuNet‐INNOCHRON;
https://eunet-innochron.eu/) in collaboration with the Specia-
lized Working Group on Granulocytes and Constitutional
Bone Marrow Failures of the European Hematology Association
(EHA). The same group of experts have produced the recently
published guidelines on the diagnosis and management of chronic
neutropenias.3

METHODS

As mentioned earlier, this article is the second part of a colla-
borative project between the COST Action EuNet‐INNOCHRON
and EHA for the establishment of European Guidelines on chronic
neutropenias. The first part was focused on the definition, classi-
fication, diagnosis, and special situations, while this second part
addressed treatment and supportive approaches of patients with
chronic neutropenias.3

Like the first part of the guidelines, the treatment EuNet‐
INNOCHRON–EHA panel consists of two chairs: a steering
committee and an expert panel including the chairs of the Eur-
opean and North American Branches of the Severe Chronic
Neutropenia International Registry. Given that more robust evi-
dence exists on the treatment compared to the diagnosis and
management areas of chronic neutropenias, a methodological
support team from Evidence‐Based Medicine/Department I of
Internal Medicine, now Institute of Public Health, at the Uni-
versity of Cologne, was asked to contribute in establishing
evidence‐based guidelines.

The first step of evidence synthesis entailed a scoping of lit-
erature aimed at providing an overview of the most broadly applied
interventions in the treatment of chronic neutropenia patients,
including severe CN, cyclic neutropenia (CyN), autoimmune neu-
tropenia (AIN), and chronic idiopathic neutropenia (CIN). The evi-
dence synthesis team identified three key interventions: G‐CSF,
corticosteroids, and granulocyte transfusions. In the second step,
the robustness of the evidence was addressed, taking an outcome‐
centric approach. The pre‐defined outcomes assessed were related
to treatment efficacy (overall survival and infection‐free survival),
health‐related quality of life, malignant transformation, infectious
complications (e.g., incidence and duration of infection‐related
events), neutrophil response, and treatment‐related adverse
events (excluding malignant transformation) (Figure 1). Any study
or trial report identified through systematic searches was eligible
for inclusion, irrespective of its design or publication type.
The sample cut‐off for study eligibility was set at a minimum of five
participants, given the rarity of the disorders. Database searches
were conducted by an experienced information specialist in
MEDLINE via OvidSP, covering publications since the database's
inception.

The search identified 705 records and six additional records
through citation and manual searches. Participant samples across
studies and reports ranged from five in small case series to larger
registry analyses, including up to 1752 registrees. Ultimately,
35 reports were considered eligible for analysis: three were ran-
domized controlled trials (RCTs), 13 were registry analyses, and 19
were observational studies. Figure 1 depicts an evidence heat map
linking chronic neutropenia subtypes to (i) the number of reports
and type of publications and (ii) the reported outcomes, including
survival outcome, infectious complications, quality of life, malig-
nant transformation, neutrophil response, and treatment‐related
adverse events. Of the observational studies, eight were before‐
after studies, seven were interrupted time series, and four were
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case series. The largest body of evidence could be identified for
the intervention of G‐CSF in severe CN, followed by CyN and CIN.
Considering the disease rarity and trial nature, the focus of RCTs
was largely on surrogate and potential early outcomes of neu-
trophil response, infectious complicationsm and immediate ad-
verse events, while long‐term follow‐up registry analyses supplied
real‐world data on the outcomes of mortality and malignant
transformation. The paucity and indirectness of data, stemming
from different disease biologies (as elucidated in later sections),
ethical considerations, whereby withholding effective therapy (i.e.,
G‐CSF) in the absence of valid alternatives largely forbade ex-
perimental trials and the high risk of double‐counting due to
registry re‐analyses, led to a constellation of most outcomes being
supported only by weak evidence.

Recognizing evidence gaps and the need for guidance, the

expert panel chose to formulate consensus recommendations
primarily based on their collective live experience in treating

chronic neutropenia patients, while integrating the systematically
accrued evidence. Following the structured consensus‐finding
approach of the Delphi method, derived recommendations
were shared among the expert panel and voted on, as described

previously.12–15 In accordance with the EHA guideline metho-
dology, a recommendation was consented if the agreement

among experts exceeded 75%.15 The resulting recommendations
were supplemented by the level of agreement expressed in

percentages.

NEUTROPENIA: INFECTIONS OCCURRENCE
AND MANAGEMENT

As mentioned earlier, patients affected with neutropenia are prone to
develop bacterial infections rather than fungal or due to viruses, with a
variable clinical course (from mild to severe) and different presentation
patterns (i.e., acute/persistent or recurrent). Life‐threatening infections
are more common in severe CN rather than in acquired neutropenia
(AIN and CIN), although a small proportion of patients with acquired
neutropenia may still experience a relatively significant infectious burden.
Common sites of infection include the skin, ear, mouth, and mucosa.
In cases involving fluctuating ANC levels, such as CyN, infections may
exhibit periodicity.1,2,7,8

The atypical chemokine receptor‐1/Duffy antigen receptor for che-
mokines gene (ACKR1/DARC)‐associated neutropenia (ADAN; previously
defined as ethnic neutropenia), which is common in individuals of African
or Middle Eastern descent, seems not to be associated with an increased
propensity to infection even in the rare cases with severe neutropenia.16

The propensity to infection and the infective episodes in patients
with chronic neutropenia are usually managed with G‐CSF, which
increases the number of mature circulating neutrophils. Some studies on
the use of alternative or adjunctive treatments (corticosteroids, im-
munoglobulin, and granulocyte transfusion) are available in the literature.

The following sections will discuss the use of the most common
therapies to manage neutropenia according to subtypes, indication of
HSCT, and the emerging frontier of gene therapy.

F IGURE 1 Evidence heat map.
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G‐CSF

G‐CSF indications

Severe CN and CyN

G‐CSF is a cytokine that enhances the production of mature neu-
trophils by promoting the proliferation of myeloid committed pro-
genitors and the marrow mitotic pool (from myeloblast to myelocyte)
by shortening the maturation time from metamyelocyte to neutrophil
and increasing the half‐life of neutrophils.17 G‐CSF is generally able to
overcome the maturation arrest due to apoptosis of the progenitors
at the promyelocyte stage in severe CN and CyN and it is also useful
to optimize neutrophil maturation in acquired neutropenia where
immature (left shifted) neutrophils are commonly seen.5 Since its in-
troduction in clinical practice, the natural history of severe CN has
dramatically improved.18

Indeed, long‐term data coming from the two biggest neutropenia
registries (the SCNIR and French) show that severe CN and CyN
patients treated with rhG‐CSF have a considerable survival benefit
and a lower rate of infection‐related complications compared to
historical controls from the pre‐G‐CSF era, which is reflected in de-
creased antibiotic use and hospital admissions.18–20 Regarding quality
of life (QoL), patients have reported improvement in perceived health
status, disease‐related symptoms, and activity limitation despite ex-
periencing significant inconvenience from regular injections.21–24 A
long‐acting pegylated filgrastim (Pegfilgrastim), which requires weekly
rather than daily subcutaneous injections, would overcome this issue
and will be discussed later (Box 1).25

Other types of chronic neutropenias

The efficacy and the safety of G‐CSF have been assessed in neu-
tropenias other than CN. Common types of acquired neutropenias
affecting both children and adults, such as AIN and CIN, usually
display a more benign course with fewer infective episodes and
better outcomes compared to CN patients.26–28

Although in AIN and CIN patients available studies do not pro-
vide clear evidence that continuous treatment with G‐CSF leads to
survival benefit, improved QoL, or reduced severe infective compli-
cations, therapy with G‐CSF is considered useful to manage acute or
chronic infections. The low evidence is attributed by the panel to the

fact that only a minority of AIN and CIN patients actually need
treatment with G‐CSF, thus accounting for the lack of a large series
containing these subjects. As for ACKR1/DARC‐associated neu-
tropenia characterized by no increased infection propensity, there is
no clear indication for the routine use of G‐CSF (Box 2).16

Primary goal of G‐CSF treatment

The primary aim of G‐CSF treatment in neutropenic patients is
the control of infections by increasing the ANC, and the mini-
mization of reported side effects in the forms of bone pain and
splenomegaly.29–35

The ANC nadir, typically measured before any subsequent
injections, is an important determinant of the success of treatment in
CN. G‐CSF response may be variable; there are no established rules
on the number of nadir samples needed to reach the desired
neutrophil threshold. As a general principle, the ANC threshold
should be as stable as possible, before finalizing the ultimate G‐CSF
schedule.1,12

On the contrary, in AIN and CIN, other features such as the
frequency and severity of infections are more relevant in guiding the
need for G‐CSF treatment and its schedule.36,37 The desirable ANC
target for G‐CSF has been adjusted downward over time, thus
requiring lower G‐CSF doses. In the pivotal phase 3 RCT by Dale et al.
in 1993, the threshold to label the neutrophil response as complete
was an ANC of more than 1.5 × 109/L.10 In later years, a lower target
ANC of 1.0 to 1.5 × 109/L was deemed sufficient by the advisory
board of the SCNIR.37 According to current knowledge, the desirable
threshold of ANC is 1.0 × 109/L because neutrophils above this level
are generally considered adequate to protect against infections.
According to the available evidence, up to 90% of CN, CyN, CIN, and
AIN patients respond to G‐CSF treatment.18,36–39 In CyN, infectious
burden is generally lower than the one described in CN, thus enabling

BOX 1: G‐CSF treatment in severe congenital and

cyclic neutropenia.

Overall, the panel considers that G‐CSF treatment either in severe
CN or in CyN is beneficial because it reduces the frequency and
severity of infection and improves the quality of life (reduced
use of antibiotics, hospitalization, and infection‐related
complications).

Consensus agreement 100%

As a consequence, the panel recommends the use of G‐CSF in
severe CN and in CyN, particularly in those patients with
recurrent or severe infections.

Consensus agreement 100%

Abbreviations: CN, congenital neutropenia; CyN, cyclic
neutropenia; G‐CSF, granulocyte‐colony stimulating

factor.

BOX 2: G‐CSF treatment in neutropenias other

than severe congenital and cyclic neutropenia.

The panel does not recommend the continuous use of G‐CSF, based
only on the ANC, in patients with CIN or AIN.

Consensus agreement 100%

The panel recommends an individual approach for patients with CIN
or AIN and the final decision regarding continuous G‐CSF
should be based on the history and severity of infections rather
than the ANC.

Consensus agreement 100%

The panel encourages the continuous use of G‐CSF in rare patients
with CIN or AIN who present with frequent and/or severe
infections. The panel also suggests evaluating the occasional
use of G‐CSF in CIN or AIN patients during severe infective
episodes.

Consensus agreement 100%

The panel does not recommend the use of G‐CSF in ACKR1/DARC‐
associated neutropenia (ADAN, previously defined as ethnic
neutropenia) due to the lack of infection propensity.

Consensus agreement 100%

Abbreviations: ACKR1, atypical chemokine receptor‐1 gene;
AIN, autoimmune neutropenia; ANC, absolute neutrophil

count; CIN, chronic idiopathic neutropenia; DARC, Duffy
antigen receptor for chemokines gene; G‐CSF,
granulocyte‐colony stimulating factor.
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to accept ANC levels lower than 1500/mmc for very short periods
(Box 3).1

G‐CSF types

Different forms of G‐CSF analogs have been investigated for the
treatment of chronic neutropenias. Most publications report on the
use of the non‐glycosylated form of G‐CSF analog filgrastim or its
biosimilars. The glycosylated form of G‐CSF lenograstim has been
studied in three patient cohorts in four published reports.40–43 The
noninferiority of the glycosylated G‐CSF (lenograstim) compared to
the non‐glycosylated G‐CSF (filgrastim) formula with regard to neu-
trophil response, recovery, and incidence of infections has been
demonstrated.21,41

Pegfilgrastim, a pegylated G‐CSF formulation with a longer
half‐life than the first‐generation G‐CSF, has been compared with
filgrastim and lenograstim in terms of ANC responses and rate
of infectious complications and no significant differences were
identified in the two published studies.44,45 However, an improve-
ment of QoL was shown with pegfilgrastim versus filgrastim in severe
CN patients.45 Notably, there are no reported studies on the use of
pegfilgrastim in CIN or AIN patients (Box 4).

G‐CSF doses and frequency

G‐CSF dose estimate reporting is inconsistent across publications,
with some studies indicating average or median daily G‐CSF dose in
different types of neutropenia around or above 5mcg/kg/d in severe
CN and below 5mcg/kg/d in AIN and CIN.5,27,44,50–53 Patients with
CyN are effectively treated with G‐CSF, usually at doses of 1–5mcg/
kg/d (median dose 2.5 mcg/kg/d).21

According to SCNIR data, patients requiring higher G‐CSF doses (i.e.,
above 8mcg/kg/d) to achieve a sufficient ANC response are at a higher
risk of developing MDS/AL with a cumulative incidence at 15 years of
34% (95% confidence interval [CI]: 21–47), which unfavorably compares
to patients who need less than 8mcg/kg/d, who display a lower cumu-
lative incidence at 15 years of 15% (95% CI: 4–25).20

In addition to cumulative dose of G‐CSF, specific genetic
variants may also contribute to malignant clonal evolution. In this
respect, the French Registry found a correlation between the
incidence of MDS/AL and the type of neutropenia (with a higher
incidence in severe CN and Shwachman–Diamond Syndrome
[SDS])19 and confirmed that not only the dose but also duration of
exposure to G‐CSF were risk factors for MDS/AL development in
patients with CN.

Moreover, the SCNIR outlined that in severe CN, specific muta-
tions of the ELANE gene (mutations G214R or C151Y) are associated
with a higher risk of evolution to AL.45–49

Therefore, it looks that genetic background, in addition to G‐CSF
dose itself and duration of exposure, plays a key role in the risk of
MDS/AL development in chronic neutropenia associated with ELANE
mutations.48,49

Neutropenia in SDS is associated with an increased risk of
developing myeloid malignancies due to inherited deficiency of the
ribosome maturation protein SBDS. Longitudinal data from multiple
international registries confirmed that SDS predisposes patients to an
increased risk of myeloid malignancy with an estimated incidence
ranging from 9.8% to almost 30% by the age of 30 years. Strict he-
matologic surveillance of SDS patients is required, and the minimal
effective dose of G‐CSF is preferred (1–4mcg/kg/d).50

Glycogen storage disease type Ib (GSD‐Ib) is a metabolic disorder
associated with neutropenia and neutrophil dysfunction leading to an
increased incidence of recurrent infections and development of en-
terocolitis. In most of these patients, G‐CSF increases ANC, mitigates
the infectious burden, and ameliorates gastrointestinal manifesta-
tions. However, doses must be limited due to the potential con-
tribution of G‐CSF to spleen enlargement in the long term with
consequent abdominal pain (Box 5).51

To minimize the exposure to G‐CSF, it is important to consider
not only the dose but also the frequency of administration. Instead of
daily dosing, an intermittent schedule (e.g., every other day, one or
two injections per week, etc.) could be applied and tailored to the
individual's medical history, diagnosis, drug side effects, and period of
life. In some cases, mainly in CIN and AIN, treatment could be time
limited (sporadic) and not continuous.7

The G‐CSF options, at least as for the starting doses, to be
increased according to the “desired ANC threshold” in different
neutropenia types are summarized in Table 1 (Box 6).

CORTICOSTEROIDS

The increase of neutrophils following the administration of steroids is
a well‐known effect due to the accelerated release of neutrophils
from the bone marrow into the circulation, reduction in the migration
of neutrophils out of the circulation, and increased demargination
from the vessels.52 Additionally, steroids induce lymphocytopenia, as
a result of redistribution of circulating lymphocytes into other lym-
phoid compartments (e.g., spleen, lymph nodes, thoracic duct, and
bone marrow).52

Weak evidence from the literature indicates that corticosteroid
treatment may temporarily lead to a recovery in ANC in up to half
of patients with AIN or CIN.26,27 However, outcomes such as
mortality, QoL, malignant transformation, infectious complications, and

BOX 3: Absolute neutrophil count (ANC) threshold

during G‐CSF administration.

The panel considers ANC over 1.0 × 109/L as the protective
threshold against infections. For CyN, a lower nadir may be
accepted.

Consensus agreement 100%

As a general concept, the panel suggests using the lowest effective
dose of G‐CSF for infection control (usually coinciding with
ANC ≥ 1.0 × 109/L) and to minimize marrow stimulation and
potential side effects (bone pain and splenomegaly).

Consensus agreement 93%

Abbreviations: CyN, cyclic neutropenia; G‐CSF, granulocyte‐
colony stimulating factor.

BOX 4: G‐CSF types.

Filgrastim and lenograstim may be interchangeably used in patients
with severe CN. Pegfilgrastim might be considered in cases of
poor adherence to G‐CSF treatment.

Consensus agreement 100%

Abbreviations: CΝ, congenital neutropenia; G‐CSF,
granulocyte‐colony stimulating factor.
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treatment‐related adverse events consequent to corticosteroid therapy
have not been reported in these studies. Notably, there are no pub-
lished studies and lack of evidence reporting corticosteroids in the
treatment of severe CN or CyN (Box 7).

GRANULOCYTE TRANSFUSION

Data on granulocyte transfusion in patients with CN, CIN, or AIN are
not available in the literature; thus, there is no evidence to determine
whether this treatment approach is beneficial or harmful for
the treatment or prevention of infections in these disorders. The
existing knowledge in the field derives from the restricted use of
granulocyte transfusion post‐chemotherapy or after HSCT.

Although some authors suggest a role for granulocyte transfusion
in association with antimicrobial therapy, especially in the presence
bacterial or fungal infection, there are no conclusive data from RCT
that the use of granulocyte transfusions reduces mortality in
neutropenic patients with severe infections.53,54 Furthermore, large‐
scale RCT must be encouraged to support or reject the use of the
granulocyte transfusion in neutropenia disorders.

Mild‐to‐moderate adverse reactions (such as fever, shivering, or
changes in blood pressure) are described in up to 41% of cases fol-
lowing granulocyte transfusions; also, more severe reactions including
respiratory distress and transfusion‐related acute lung injury may
occur.55,56 Other described problems include infectious complications
such as cytomegalovirus or West Nile Virus infection and the devel-
opment of anti‐HLA and anti‐neutrophil antibodies in the re-
cipient.57,58 Furthermore, one of the concerns is the limited number
of harvested cells that is often insufficient to counteract the infec-
tions. Finally, it has to be considered that G‐CSF, when used to
increase cell collection from healthy granulocyte donors, might raise
ethical concerns related to potential side effects,59 thus representing
a further discouraging element toward the standard use of this
procedure (Box 8).

SUPPORTIVE MEASURES

Antibiotic therapy and prophylaxis

Infections are more common in neutropenic patients compared to the
healthy population, and their clinical pattern is usually more severe in
CN disorders rather than acquired forms, as discussed earlier.1,2,7,37,60

Infrequently, infective episodes may be lethal as shown by the cu-
mulative incidence of lethal sepsis in patients with severe CN, which

TABLE 1 Summary on starting G‐CSF doses according to different

neutropenia types.

CN CyN SDS/GSD‐1b AIN/CIN

G‐CSF starting dose 5mcg/kg/d ≤3mcg/kg/d 1mcg/kg/d 1mcg/kg/d

BOX 7: Use of corticosteroids in neutropenia.

The panel does not recommend the use of corticosteroids in any type
of neutropenia as the lymphocyte depletion effect may worsen
the propensity to infections.

Consensus agreement 93%

BOX 8: Granulocyte transfusions.

The panel considers that, at present, due to the lack of evidence on
efficacy and possible side effects, granulocyte transfusions should
not be considered a therapeutic option for severe infections in
any chronic neutropenia condition outside well‐designed clinical
trials.

Consensus agreement 86%

BOX 5: G‐CSF dosing according to the underlying

disease.

In severe CN, the panel suggests initiating treatment with the
standard dose of 5mcg/kg/d.

Consensus agreement 94%

In CyN, G‐CSF doses may be lower than in severe CN. The standard
dose should be ≤3mcg/kg/d continuously. G‐CSF may be also
given every other day. Dosage may be adjusted to avoid nadir
<0.5 × 109/L and clinical conditions such as mouth ulcers,
fevers, or infections.

Consensus agreement 94%

In diseases carrying a high intrinsic risk of transformation such as
SDS or of splenomegaly such as GSD‐1b, minimal effective dose
of G‐CSF to prevent infections should be used.

Consensus agreement 100%

In AIN and CIN, no studies have established the dose of G‐CSF to
use. If G‐CSF is needed, we suggest beginning at 1 mcg/kg/d.

Consensus agreement 93%

ANC > 5.0 × 109/L is usually not necessary to prevent infection. In
patients with CyN, a higher ANC at peak can be expected.

Consensus agreement 93%

Abbreviations: AIN, autoimmune neutropenia; ANC, absolute

neutrophil count; CIN, chronic idiopathic neutropenia;
CN, congenital neutropenia; CyN, cyclic neutropenia;

G‐CSF, granulocyte‐colony stimulating factor; GSD‐Ib,
glycogen storage disease type Ib; SDS,

Shwachman–Diamond syndrome.

BOX 6: G‐CSF administration schedule

Sporadic therapy is reserved for those patients (mainly with AIN or
CIN) who require a transient boost of the ANC but are generally
infection‐free without intervention.

Consensus agreement 87%

Continuous therapy is indicated for those patients persistently at risk
of developing severe infections due to intrinsic/severe
impairment of neutrophil production/maturation.

Consensus agreement 80%

In G‐CSF‐treated patients with AIN and CIN, the possibility of
spontaneous remission of neutropenia, and consequently no
further need for G‐CSF treatment, should be taken into
consideration by cautiously interrupting the treatment for
1–3 weeks.

Consensus agreement 87%

Abbreviations: AIN, autoimmune neutropenia; CIN, chronic

idiopathic neutropenia; G‐CSF, granulocyte‐colony
stimulating factor.
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is reported to be 10% after 15 years of treatment with G‐CSF, ac-
cording to the SCNIR data.20

Management of infectious complications, in case of acute illness,
should be similar to that recommended for neutropenia following
anti‐leukemia chemotherapy.61,62

In particular, blood cultures should be performed at the onset of
fever, and urinalysis and urine culture should be considered in pa-
tients where a clean‐catch, mid‐stream specimen is readily available.
Imaging, preferentially chest CT scan, should be performed only in
patients with respiratory signs or symptoms, while other diagnostic
imaging should be performed according to the presence of localized
clinical signs.

Particular attention has to be paid to neutropenic patients
showing abdominal pain to detect any possible infection caused by
opportunistic and/or anaerobic agents (i.e., Clostridium difficile).

Initial empirical treatment could be represented by monotherapy
with piperacillin–tazobactam (mainly in patients with abdominal
symptoms) or cefepime, while meropenem should not be routinely
used since it could represent the best antibiotic change in case of no
clinical response or of resistance.63

The choice of oral antibacterial therapy may be more appropriate
in clinically stable patients. Amoxicillin–clavulanate or levofloxacin
could be considered for this purpose.61

However, it has to be highlighted that the choice of treatment
should be better tailored to local epidemiological conditions, also con-
sidering the possible colonization by antibiotic‐resistant pathogens.64

In case of persistent fever, a diagnostic workup according to the
clinical picture inclusive at least of imaging, bronchoalveolar lavage
(BAL), repeated cultures, galactomannan antigen detection, or any-
thing else indicated by clinical findings should be considered.65

In case of recurrent infections, secondary antibacterial prophy-
laxis could be considered on an individual basis, taking into account
the number of recurrences, the involved site(s), the isolated pathogen
(s), and antibiotic susceptibility bearing in mind that prolonged ad-
ministration of antibiotics is associated with the risk selecting bac-
terial resistances. In case of neutropenia concomitant to persistent
lymphocyte count below the threshold for age, prophylaxis against
opportunistic agents such as Pneumocystis jirovecii (PJP) with low‐
dose trimethoprim–sulfamethoxazole might be considered.66

Considering the low incidence of invasive fungal diseases in
neutropenia patients compared with that observed in ALs or fol-
lowing stem cell transplantation, primary antifungal prophylaxis is also
not recommended.65

However, if a patient has additional host defense defects invol-
ving the adaptive immune system, viral or fungal infections should be
considered for appropriate investigation and treatment (Box 9).

Dental hygiene

Severe CN is a condition that favors infections including periodontal
disease, with a severity proportional to the depth and duration of
neutropenia. It has been reported that optimal dental health is ob-
tained through ANC maintenance above the threshold needed to
fight infections as mentioned in Box 3.67,68

As regards the underlying pathophysiology, low ANC leads to
impaired cytokine balance (both proinflammatory and anti‐
inflammatory) in the peri‐gingival fluid with the consequence of
alveolar bone loss and periodontal disease.69,70

Adults and children with untreated or refractory neutropenia
suffer from chronic periodontal disease and this requires good dental
hygiene to prevent infections of the mucosa and teeth with regular
treatment by dental health professionals.69,70 The benefit from good
dental hygiene which can prevent tooth loss, is by far higher than the
theoretical risk of bacteremia as a result of local trauma. Normal
saline and hydrogen peroxide rinses in combination with local anes-
thetic gels and gargles can be used for pain control related to oral and
gingival lesions (Box 10).71

Psychological support

Dedicated studies on the QoL and psychological needs in neutropenic
patients are particularly limited. Neutropenia is a persistent condition,
and appropriate support both from health professionals and patient/
parent groups may alleviate the psychological burden of a chronic
illness.72,73 Moreover, some types of neutropenia may be associated
with neurodevelopment delay (i.e., HAX neutropenia) that require
either psychological support or rehabilitation programs.3

The psychosocial effects of severe neutropenia in individuals and
their families, as in other chronic conditions, are present at any stage
of childhood and adulthood and can disrupt normal life due to un-
predicted illness and infection. Affected patients and their families
may feel isolated from their community and friends and joining sup-
port groups might alleviate these feelings. Adolescence is a period in
which patients with severe neutropenia may realize that they are
different from their peers and it might be difficult for them to
maintain a positive self‐image. Parents should be vigilant to recognize
signs of depression or unusual anger in their children and seek advice
from professionals (Box 11).72,73

Vaccination

Subjects affected with chronic neutropenia are more susceptible to
invasive infections than the general population, highlighting the im-
portance of protecting them through serial vaccination boosters. No
dedicated studies on the safety and effectiveness of vaccination in

BOX 9: Antibiotic treatment and prophylaxis.

Infections in neutropenic patients should be promptly evaluated and
treated immediately with broad‐spectrum antibiotics and
hospitalization may be needed. The choice of antibiotics
depends on the local policies, hospital bacterial flora, antibiotic
resistance patterns, and possible known colonization of patients
with specific microbes.

Consensus agreement 100%

Based on the lack of data on efficacy and on the risk of microbiological
resistance, the panel suggests avoiding antibiotic prophylaxis in
any type of neutropenia.

Consensus agreement 87%

BOX 10: Suggestions for dental hygiene.

Given the increased incidence of periodontal inflammation in severe
CN and CyN, frequent periodontal examinations and
maintenance of good oral hygiene is recommended. The panel
suggests maintaining a target ANC ≥ 1.0 × 109/L for optimal
dental health.

Consensus agreement 100%

Abbreviations: ANC, absolute neutrophil count; CN,
congenital neutropenia; CyN, cyclic neutropenia.
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the neutropenic population exist, and the immunization policy is ex-
trapolated from the literature on “phagocytic cell defects.”72,74,75

Patients with severe CN usually have an intact adaptive immune
system, which is sufficient to produce protective antibodies following
the standard vaccination schedule for their age.74 It is often
emphasized that the adult population, especially immunocompromised
patients, are significantly under‐vaccinated, highlighting the importance
of close surveillance of vaccination schedules.75

For patients with chronic neutropenia without any additional
immune defect, routine inactivated and live attenuated vaccines
against bacterial and viral diseases are indicated according to the
respective national regulations.

Live viral vaccines are indicated if immunodeficiency is excluded
(defined by CD4+ > 0.5 × 109/L in adults, CD4+ > 1.0 × 109/L in ages
1–6 years, or CD4+ cells > 1.5 × 109/L in children under 1 year of
age).76–78 In cases where neutropenia is associated with immune
deficiency/dysregulation, expert advice by an immunologist on
vaccination procedures is recommended (Box 12).

HSCT

Neutropenia in severe CN patients is generally managed with sub-
cutaneous G‐CSF injections. This approach, however, is not curative.
In contrast, HSCT is potentially curative,79–86 also offering the
“benefit” of preventing possible leukemic transformation in patients
with high‐risk genetic/cytogenetic abnormalities and/or in those who
are poor G‐CSF responders (requiring more than 10mcg/kg/d).87

However, HSCT carries an associated risk of mortality, which has

been assessed at 17%, in the largest cohort of severe CN transplanted
patients studied to date.85 In general, HSCT for severe CN has better
outcomes in patients younger than 10 years and in those transplanted
after the year 2000. Matched sibling and matched related donors
appear to have an advantage over mismatched donors and bone
marrow is considered a better stem cell source than cord blood or
peripheral blood.79–86 In the case of a sibling donor, an underlying
germline etiology for CN should be excluded by genetic testing, even
in the absence of neutropenia. The outcomes of severe CN patients
transplanted with overt leukemia at the time of HSCT are still a
matter of debate because the available data are not conclusive.82,85

For all the aforementioned reasons, the decision to proceed with
HSCT must be carefully evaluated on an individual basis for each CN
patient and should take into consideration several factors: response
to G‐CSF, compliance with subcutaneous injections, ability to manage
infections, age of the patient, availability of a suitable donor, and the
expertise of the center in managing CN patients and transplant
procedures (Box 13).85–87

G‐CSF alternative/target treatments

In patients with severe CN patients, G‐CSF therapy has proven to be
effective, safe, and well tolerated in the majority of cases over the
years. Side effects are rare and generally include rash, bone pain,
osteopenia, splenomegaly, and occasional cases of vasculitis usually

BOX 12: Advice on vaccination.

Subjects affected with chronic neutropenia in whom underlying
T‐cell, B‐cell, and natural killer cell immunodeficiency/
dysregulation have been ruled out, should receive all routine
inactivated, and live attenuated vaccines according to specific
national schedules.

Consensus agreement 100%

Consultation with an immunologist is indicated for neutropenic
patients with an underlying immunodeficiency.

Consensus agreement 100%

All patients with chronic neutropenia should be advised to receive
an approved influenza and COVID‐19 vaccine.

Consensus agreement 100%

Whenever possible, it is worth considering immunization of close
contacts of a patient with neutropenia against all vaccine‐
preventable diseases.

Consensus agreement 100%

BOX 11: Psychological support

Psychological support is highly advisable in chronic neutropenia
patients to improve their quality of life.

Consensus agreement 93%

Special support and rehabilitation programs for patients with
neurodevelopmental disabilities is suggested.

Consensus agreement 100%

BOX 13: HSCT in severe congenital neutropenia.

The panel suggests carefully evaluating the pros and cons of HSCT,
tailoring the decision on an individual case basis, and sharing the
decision with the patient/family. The expertise of the center in
performing HSCT and in managing CN patients is an important
consideration in the final decision.

Consensus agreement 93%

Strong indications for HSCT include:
(1) Established transformation to MDS/Acute Leukemia or bone

marrow dysplastic features with high‐risk acquired cytogenetic
abnormalities (monosomy 7, trisomy 8, and trisomy 21) or with
a combination of acquired leukemia‐associated somatic
mutations (e.g., RUNX1, ASXL1, and SETBP1). CSF3R mutations
alone are not an indication of HSCT.

(2) CN due to mutations carrying an intrinsic high risk of leukemic
transformation per se, i.e., GATA2 mutations, high‐risk ELANE
mutations, or clones with biallelic TP53 mutations in SDS.

(3) No response to G‐CSF (doses > 20mcg/kg/d to reach ANC of
1.0 × 109/L), poor response to G‐CSF (doses between 10 and
20mcg/kg/d failing to reach ANC of 1.0 × 109/L) or poor
control of infection irrespective of the G‐CSF dose.

Consensus agreement 100%

Potential indications to HSCT adequate management of infections
with G‐CSF at “intermediate doses” (10–15mcg/kg/d) with
availability of a healthy HLA‐identical sibling or HLA identical
matched donor.

Consensus agreement 93%

Weak indication of HSCTG‐CSF response at doses up to 10 μg/kg/d,
good tolerability and compliance to daily subcutaneous
injections, infections control, and unavailability of HLA‐matched
donors.

Consensus agreement 100%

Abbreviations: ANC, absolute neutrophil count; CN,

congenital neutropenia; G‐CSF, granulocyte‐colony
stimulating factor; HSCT, hematopoietic stem cell

transplantation; SDS, Shwachman–Diamond syndrome.
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not necessitating drug discontinuation.88 A common problem of G‐
CSF treatment is poor patient compliance with daily subcutaneous
injections. For these subjects, pegfilgrastim may represent a valid
alternative option to improve the QoL. Notably, the cost of treatment
with pegfilgrastim has been estimated as similar to the equivalent
exposure to classical G‐CSF.45

Alternatives or additive therapeutic approaches to filgrastim and
pegfilgrastim are under evaluation and have shown promising results in
some cases. For example, there have been successful attempts to design
novel granulopoietic proteins with activities similar to G‐CSF, which are
easy to produce, stable, and resistant to cleavage by proteases; how-
ever, no clinical studies have been reported so far.89,90 Another study
has shown that treatment of severe CN patients with high‐dose nico-
tinamide (NA) may result in the reduction of the therapeutic dose of
G‐CSF in patients with severe CN as well as of frequency of bacterial
infections.91,92 NA was well tolerated and was continued in some pa-
tients for more than 1 year. The introduction of NA into the therapy
regimens of CN patients was based on the involvement of the NA
pathway in the G‐CSF‐triggered emergency granulopoiesis.85

For specific categories of neutropenia such as WHIM syndrome
(Warts, Hypogammaglobulinemia, Infections, and Myelokathexis)
or those caused by mutations in the gene encoding for glucose‐6‐
phosphatase catalytic subunit 3 (G6PC3) and GSD‐Ib, novel
approaches have been approved or investigated. WHIM syndrome is
commonly caused by autosomal dominant mutations in the C‐X‐C
chemokine receptor 4 (CXCR4) associated with hyperactive receptor
hyperactive. Mavorixafor is an oral, selective CXCR4 antagonist, ap-
proved in April 2024 as the first oral therapy for WHIM syndrome in the
United States for patients aged ≥12 years.93,94 The approval was based
on a randomized, double‐blind, placebo‐controlled, phase 3 clinical trial
which showed that mavorixafor provides a significantly longer duration
of neutrophil and lymphocyte counts above the threshold compared to
placebo.95 Treatment with mavorixafor was safe and reduced the fre-
quency, severity, duration of infections, and antibiotic use. The results of
this phase 3 study were supported by efficacy data from an open‐label,
multinational, phase 2 dose‐finding study in adults with genetically
confirmed WHIM syndrome.96,97 Clinical development of mavorixafor
for chronic neutropenic disorders is ongoing.

For neutropenia associated with GSD‐Ib and G6PC3 mutations,
treatment with a renal sodium‐glucose cotransporter type 2 (SGLT‐
2) inhibitor such as empaglifozin results in the improvement of
neutropenia and neutrophil dysfunction in the affected patients.98

The underlying mechanism for this effect is associated with SGLT‐2
inhibitor‐mediated urinary excretion of 1,5‐AG and inhibition
of renal glucose reabsorption, resulting in a decrease of the
1,5‐anhydroglucitol (1,5‐AG) concentration in blood.99 This effect
rescues neutrophils from energy deprivation and apoptosis in pa-
tients with GSD‐Ib and G6PC3 mutations. Recently, in a consensus‐
based report, the authors proposed SGLT‐2 inhibitors for the
treatment of neutropenia in GSD‐1b patients, but the literature on
patients with GSPC3‐related neutropenia is still relatively
limited.99,100 However, the promising results of SGLT‐2 inhibitors
in ameliorating neutropenia in patients with germline GSD‐1b and
GSPC3 mutations open the way for multicenter follow‐up studies
and clinical trials to evaluate the long‐term efficacy and safety of
these compounds.101,102

Gene therapy for CN neutropenia—aiming at the correction or
inhibition of mutated genes—might provide an alternative curative
approach to bone marrow transplantation. Recent developments in
inhibiting or correcting ELANE mutations in the hematopoietic stem
cells of CN patients offer hope to patients and clinicians. This ap-
proach is based on CRISPR/Cas9‐mediated gene‐editing technology,
which specifically cuts the ELANE gene to induce the degradation of

ELANE mRNA, leading to an ELANE knockout (ELANE KO).103,104 Part
of the mutated ELANE DNA is cut by the Cas9 nuclease and
subsequently corrected by homology‐directed repair (HDR)
mechanisms.105 To successfully achieve correction, an HDR template
of WT ELANE must be delivered into cells using single‐stranded oli-
godeoxynucleotides or adeno‐associated virus‐based constructs.106

The gene therapy approach is certainly promising but still ex-
perimental, and further steps are actually needed for its application in
clinical practice.

Overall, the present article synthesizes the available knowledge
on neutropenia enriched and strenghtened by a comprehensive and
accurate discussion by a group of experts in the field that produced
consensus recommendations. The final output has the intent to
support at best decisions in any aspect of management of neu-
tropenia patients in everyday clinical practice.
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