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Neutropenie congenite e immuni

Come orientarsi nell’iter 
diagnostico-terapeutico

Variabili chiave: tipo di infezioni, gravità della 
neutropenia, età d’esordio



Le infezioni come e quando

1. Tipo di infezioni

2. Gravità e pattern della neutropenia

3. Età d’esordio







Midollo osseo



Infezioni batteriche/fungine invasive + ANC <500 + 
esordio precoce

→ Neutropenia congenita / 
difetti funzionali→ Step 
successivo: midollo osseo + 
geneticaTarget: ELANE, HAX1, 
G6PC3, (CGD, LAD)



Adolescente + citopenie associate

→ Sospetto mielodisplasia / 
predisposizione genetica

→ tipo GATA2 / 
SAMD9/SAMD9L

→ Midollo + genetica obbligati 



Infezioni lievi + ANC fluttuanti + età <2 anni

→ Neutropenia autoimmune

→ Follow-up clinico + 
anticorpi anti-neutrofili 

→ Evitare eccesso di 
invasività 



Schultz W, DMW 1922



 a condition of the hematopoietic system 
characterized by severe leukopenia and 
the disappearance of granulocytes from 
the peripheral blood. This was 
accompanied by a necrotic process of 
mucous surfaces, principally of the 
mouth and pharynx, profound sepsis, 
and death in from two to seven days. 
The onset of the disease is sudden, with 
prostration and a rapid rise in 
temperature, which persists throughout 
the course. 







ELANE congenital neutropenia

 Clinical features 

• Severe or recurrent infections 

• Congenital neutropenia. Recurrent fevers, sinusitis, 
gingivitis, and chronic and severe infections in the 
lung, liver, and soft tissues occurring at irregular 
intervals

 Supportive laboratory findings 

• At least three absolute neutrophil counts (ANCs) <500/µL 
obtained ≥3 months after birth supports the diagnosis.

• ANCs are <0.5x109/L in most cases, and usually 
<0.2x109/L; in one series, the mean ANC was 0.112x109/L.



ELANE congenital neutropenia

• Bone marrow aspirate typically shows "maturation 
arrest" at the promyelocyte or myelocyte stage of 
neutrophil formation. Increased bone marrow 
monocytes and eosinophils may be present.

• Cytogenetic analysis of bone marrow is normal.

Dale et al., Gene review 2002 updated 2018
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Response to G-CSF in SCN patients
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• Cyclic neutropenia 

• Mouth ulcers, pharyngitis, and fever recurring 
regularly at three-week intervals

• Inflammation and infection of the sinuses, upper- and 
lower-respiratory tract, and skin including the 
perianal area

• Abdominal pain and signs of an acute abdomen, 
suggesting sepsis and bacteremia from colonic ulcers



normal control

SCN patient SCN patient 

Neutrophil elastase expression



Western Blot analysis

of Neutrophil Elastase
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Myeloperoxidase staining
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Myeloperoxidase expression
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Western Blot analysis

of lactoferrin expression in neutrophils
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Low plasma lactoferrin levels in SCN
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Neutrophils maturation stages

Myeloblaste MyelocytePromyelocyte Metamyelocyte
Band 

granulocyte

Segmented 

granulocyte

Myeloperoxidase

Elastase

Azurophil granules

Specific granules

Gelatinase granules

Lactoferrin

Gelatinase
SEVERE CONGENITAL NEUTROPENIA

CYCLIC NEUTROPENIA

SPECIFIC GRANULES DEFICIENCY



Clinical Presentation 

@Onset

▪Born “early term”

▪Respiratory Distress Syndrome

▪Neonatal sepsis

▪Poor growth

▪Dismorphisms

▪Neurodevelopmental delay
▪Heart ventricular hypertrophia

Clinical Presentation 

@Onset

▪Born at term

▪Respiratory Distress Syndrome

▪Poor weight gain

▪Dismorphisms

▪Heart system: ventricular 

hypertrophia; subaortic stenosis; mild 

aortic insufficiency

P1
1997

P2
2000

Hodgkin 

Lymphoma

✓Light skin

✓Light blue eyes

✓Clear hair

✓Nistagmus

✓Strabism

✓Hypotonia

✓Mild hepato-

spleno-megaly

On examination

✓Nistagmus

✓Strabism

✓Light skin

✓Clear hair

✓Light blue eyes

✓Reduction in 

pupillary diameter

✓Iris and retinal 

hypopigmentation

On examination

Immunological work-up Immunological work-up

-FBC: WBC 8800/mmc, N 167/mmc, L 79%, M 9%, 

Hb 9.4 g/dl, PLTs 217000/mmc

- Lymphocyte subsets: CD3+ 3476/mmc (50%), 

CD4+ 2085/mmc (30%), CD8+ 1460/mmc (21%), 

CD19+ 2711/mmc (39%), CD16+ 556/mmc (8%)

-Partial IgA deficiency

-Normal lymphoproliferative response to mitogens
-BM: granulopoiesis dysplasia; hypocellularity

-FBC: WBC 6900/mmc, N 880/mmc, L75%, M 11%, 

Hb 9.2 g/dl, PLT 279000/mmc

- Lymphocyte subsets: CD3+ 3674/mmc (71%), 

CD4+ 2950/mmc (57 %), CD8+ 776/mmc (15%), 

CD19+ 1345/mmc (26%), CD16+ 52/mmc (1%)

-Normal Immunoglobulins

-Normal lymphoproliferative response to mitogens

-BM: granulopoiesis dysplasia
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G-CSF

P2

Co-trimoxazole 

and Acyclovir 

prophylaxis

Co-trimoxazole 

and Acyclovir 

prophylaxis
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Enteritis, 

URTI

2 yr

Otitis, 

Pneumonia; Cellulitis; 

CMV induced BM 

aplasia*

5 yr 9 yr 13 yr

Maxillary 

osteitis

11 yr

Recurrent asmatic bronchitis 

and atopic dermatitis [sensitization to 

inhalant allergens]

BLEEDING 

(teeth 

extraction)

Dermal fibrous 

histiocytoma

Gall-bladder 

stones

IRON DEFICIENCY ANEMIA

Cholecys-

tectomy

IRON DEFICIENCY ANEMIA 

1 yr 2 yr 4 yr 17 yr11 yr9 yr

Sinusitis;

S.Aureus skin 

infection

Maxillary 

osteitis

Recurrent asmatic bronchitis 

[sensitization to inhalant 

allergens]

UTI 
(Klebsiella p.)

Lymph-

adenitis; 

otitis
Pneumonia

MALIGNANCY
Nodular lymphocyte-predominant Hodgkin 

lymphoma Stage III 
[AIEOP MH-2004 protocol]

MALIGNANCY
Nodular lymphocyte-predominant 

Hodgkin lymphoma Stage II
 [AIEOP MH-2004 protocol]



✓INFECTIONS

✓PARTIAL OCULO-CUTANEOUS ALBINISM

▪Strabism

▪Orizontal Nistagmus
with

✓BLEEDING, defective PLTs aggregation

✓NEUTROPENIA, responding to G-CSF

Immunodeficiency and albinism

✓Hermansky-Pudlak 

Syndrome type 2

P1 and P2

1 16 2710
3’5’

1
delCA insTATCAATATC insA

5q14.1

from the mother from the father

AP3B1

β3A subunit of AP3 complex
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Albinism and immunodeficiency: clinical and 
immunological features

modified from Dotta et al., Orph. J Rare Dis. 2013

HPS10               AP3D1



G-CSF in SCN



AMD 3100



Mavorixafor is an orally bioavailable CXCR4 antagonist that 
blocks the binding of the CXCR4 ligand with its ligand, CXCL12

mavorixafor

Bloodstream

Leukocyte 
egress

Bone marrowCXCL12
ligand

CXCR4
receptor

Mavorixafor is an oral CXCR4 antagonist 

Mavorixafor has been show to increase 
mobilization of neutrophils and lymphocytes 
from the bone marrow into peripheral circulation 

©2025 X4 Pharmaceuticals, Inc. All rights reserved. | X4MA-GL-000-2300095 (v2.0) | November 2025



4WHIM: Phase 3 Trial Design
(NCT03995108)

33

1: 1 

Randomization

Baseline 

visit

Mavorixafor (n=14)

(>50 kg, 400 mg QD; ≤50 kg, 200 mg QD)a

Placebo (n=17)

Rollover to 

open-label 

extension

(treatment)

(n=27)

Primary End Point Assessed

S
c
re

e
n

in
g

ALC, absolute lymphocyte count; ANC, absolute neutrophil count; QD, once daily; TAT, time above threshold.
aAdults and adolescents (aged 12-17 years) weighing >50 kg received 400 mg mavorixafor QD; adolescents aged 12-17 years weighing ≤50 kg received 200 mg QD. bTATANC is defined as time (in hours) above 

threshold ANC ≥500 cells/μL over a 24-hour period, assessed every 3 months for 52 weeks. cSecondary end points were analyzed per a hierarchical approach prespecified in the trial protocol; not all key 

secondary end points included in the hierarchical sequence are shown. dTATALC is defined as time (in hours) above threshold ALC ≥1000 cells/µL over a 24-hour period, assessed every 3 months for 52 weeks. 
eNot all other secondary end points are shown.

• Mean TATANC – mean of the 

13, 26, 39, and 52-week 

assessmentsb

Primary end point

• Mean TATALC – mean of the 

13, 26, 39, and 52-week 

assessmentsd

First key secondary end pointc

• Infection-related end points

• Wart-related end points 

• Safety and tolerability across 

52 weeks

Other secondary end pointse

©2025 X4 Pharmaceuticals, Inc. All rights reserved. | X4MA-GL-000-2300095 (v2.0) | November 2025
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Phase 2 Clinical Trial in Chronic Neutropenia: Goals and 

Design

1. The neutrophil life-cycle is 10-14 days (https://doi.org/10.3389/fimmu.2021.766620); Phase 2 study’s measurements of ANC over 6 months (at 30-day intervals) assess bone marrow status and durability of 

neutrophil production. 2. Modifications to G-CSF dosing allowed after Month 2 at physician’s discretion. 

✓ Confirm durability of positive Phase 1b results

Assess long-term safety and tolerability✓ 

Explore whether physicians will reduce G-CSF

✓ 
✓ 

Inform design of and derisk Phase 3 pivotal trial

Main Phase 2 Study Goals

Baseline

Assessment

Phase 2 Study: Assessing Safety, Durability of ANC Levels over 6-Month Period1

Once-Daily Oral Mavorixafor: Monotherapy +/-G-CSF2

DAY -1

Month 1 

Assessment

Month 3 

Assessment

Month 6 

Assessment

Study Visits

X4MA-CZ-000-2500001

https://doi.org/10.3389/fimmu.2021.766620
https://doi.org/10.3389/fimmu.2021.766620
https://doi.org/10.3389/fimmu.2021.766620
https://doi.org/10.3389/fimmu.2021.766620
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Phase 2 Clinical Study in Chronic Neutropenia: Participant 

Disposition

2. Modifications to G-CSF dosing allowed after Month 2 visit

Study group representative of typical CN population

Phase 2 Study Enrolled a Total of 23 Participants

Participant Disposition (n=23)

Type of CN

Idiopathic 15

Congenital1 6

Cyclic 2

Sex

Male 10

Female 13

Mean Age 34

Mavorixafor + G-CSF

Baseline

Stable G-CSF Total 4

Adjusted G-CSF2 Total 9

Mavorixafor Monotherapy

Baseline

Total 10

Neutrophil Functionality Sub-Study

Assessed

Total Evaluable 

Population3 
9

1. Congenital CN participants included those with 

ELANE variant (n=2), VPS13B variant (Cohen 

syndrome), G6PC3 variant/ deficiency, SRP54 

variant (SDS-like syndrome), WASp variant 

(Wiskott-Aldrich syndrome).

3. Samples assessed for neutrophil functionality were 

limited by proximity to validated testing facility – 

complete data were available for 9 of the 23 enrolled 

participants.

X4MA-CZ-000-2500001



36

1. Data set contains two LOCF (last observation carried forward) values: one value missing at M3 assessment, one value missing at M6. 2. One patient discontinued prior to Month 3 assessment (no change 

from data set presented on June 27, 2024 ). 3. One patient discontinued prior to Month 6 assessment (no change from data set presented on June 27, 2024). 

Results increase confidence in successful Phase 3 trial outcome

• Mean ANC reached normal levels (ANC ≥ 1,500 cells/µL) at 3 and 6 months of treatment

Pre-

mavorixafo

r
On 

mavorixafo

r

0
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Mean

Mean ANC +/- SE 1 

Month 3
(n=9)2

Month 6

(n=8)3

Month 1
(n=10)

Baseline
(n=10)

X4MA-CZ-000-2500001
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Mavorixafor Monotherapy Durably and Meaningfully Increased Mean ANC in Severe CN

1. Platzbecker, U, et al. Blood. 2019 Mar;133(10):1020-1030. 2. Donadieu J, et al. Expert Rev Hematol. 2021 Oct;14(10):945-960. 3. Newburger PE, et al. Seminars in Hematology 2013 Jul;50(3):198-206. 4. Data 

set contains one LOCF (last observation carried forward) value, due to missing ANC at M3. 5. One patient discontinued prior to Month 3 assessment (no change from data set presented on June 27, 2024 )

Results increase confidence in successful Phase 3 trial outcome

• Physicians typically target ANC between 800 and 1,000 cells/µL in severe CN patients1,2,3 

• Those with severe CN achieved >2x Baseline mean ANC through Month 6

Mean ANC +/- SE
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