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Summary:

Our objective was to study the outcome of allogeneic
hematopoietic stem cell transplantation (HSCT) in
patients with severe congenital neutropenia (SCN). Among
101 cases of SCN included in the French Severe Chronic
Neutropenia Registry, nine patients received HSCT
between 1993 and 2003, in seven institutions. The
indications were nonresponse to G-CSF therapy in four
cases, bone marrow failure in one case, and myelodysplas-
tic syndrome or leukemia in four cases. The conditioning
regimen consisted of total body irradiation in two cases
and chemotherapy alone in the other seven cases. Seven
patients received stem cells from unrelated donors and two
from identical siblings. Engraftment occurred in all but one
of the patients. Three patients died. The respective causes
of death were graft-versus-host disease, infection, and
EBV post-transplant lymphoproliferative disease. Six
patients are alive and in complete remission, with a median
follow-up of 3.1 years. These results indicate that HSCT is
feasible for patients with SCN who do not respond to G-
CSF, who have malignant transformation, or who are at a
high risk of malignant transformation, even if an HLA-
identical sibling donor is not available.
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Severe congenital neutropenia (SCN) is a rare and hetero-
geneous inherited hematologic disorder characterized by

profound neutropenia diagnosed early in life and compli-
cated by recurrent severe and life-threatening bacterial
infections.1,2 It is often caused by mutations of the ELA2
gene3–5 or, less frequently, of the GFI1 gene.6 Other major
complications are leukemia and the myelodysplastic syn-
drome (MDS), the latter affecting about 10% of patients.7

The use of G-CSF therapy has radically changed these
patients’ outlook.8 However, a minority of patients is
refractory to G-CSF, and some undergo malignant trans-
formation. Allogeneic hematopoietic stem cell transplanta-
tion (HSCT) appears to be the only curative treatment for
such patients. In all, 39 HSCT procedures have been
reported in this setting, of which 15 cases were described in
detail.9–12 We examined data on nine patients with SCN who
underwent HSCT and were included in the French Severe
Chronic Neutropenia Registry during the last 10 years.

Patients and methods

Registry organization and disease definition

The French Severe Chronic Neutropenia Registry was
created in 1994, with approval from the French computer
watchdog commission (CNIL certificate no. 97.075). The
patients’ files were monitored by clinical research associates
who visited each center at least once a year. Patients were
eligible for enrollment in the registry if they met the
following criteria: documented ANC less than 500 cells/
mm3 on at least three occasions during the 3 months prior
to registration; age older than 3 months (unless there is a
positive family history); and compatible bone marrow
smear examination. The parents or patients were required
to give informed consent. SCN was diagnosed on the basis
of a median ANC value below 500/mm3 and no cyclic
variations. ELA2 gene mutations were identified as
reported previously.4 Overall, 101 patients with SCN were
included, and a complete report of the survey is available
elsewhere.13 Four of these patients were considered fully or
partially refractory to G-CSF therapy (no ANC increase
with 50 mg/kg/day G-CSF). One patient had bone marrow
failure with profound thrombocytopenia and a decreased
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megakaryocyte count on the bone marrow smear. This
patient also had unilateral lower limb hypertrophy and
lymphangiectasia (Klippel Trenaunay syndrome) and mild
mental retardation. Six patients had MDS/leukemia. The
first five patients and four of the six patients with MDS/
leukemia underwent HSCT. The two patients with MDS/
leukemia who only received chemotherapy died from
malignant disease progression.

Statistical methods

Statas version 7 software was used for all statistical
analyses. For survival analyses, the end points were death
and MDS/leukemia onset. The period taken into account
was the interval between HSCT and either death or the last
examination when no event occurred. The Kaplan–Meier
method was used to estimate survival rates. The cutoff date
for this analysis was 29 February 2004. Median follow-up
was 3.1 years (range 1.8–10.9 years). The date of the first
HSCT was used in the two cases in which two HSCT
procedures were performed.

Description of the patients prior to HSCT (Table 1)

The patients were six girls and three boys. ELA2 mutations
were detected in four of the six patients tested. Median age
at transplantation was 10 years (3–19 years). Polychemo-
therapy was administrated to two of the four patients
with MDS/leukemia, and resulted in complete remission. In
one case, the patient had acute lymphoblastic leukemia,
treated on the very high-risk group FRALLE protocol
(French acute lymphoblastic leukemia group),14 and the
second, with MDS, received an AML-like regimen,
including high-dose Aracytine, Mitoxantrone, VP16, and
amsacrine.15 In the other two cases, no attempt was
made to induce remission prior to HSCT. The median
time between leukemic transformation and HSCT was 6
months.

HSCT characteristics (Table 2)

None of the donors were neutropenic. Two patients
received marrow from an HLA-identical sibling. Seven
patients received HSCT from the following unrelated
donors: two HLA 10/10 compatible donors (bone marrow),
one one-antigen-mismatch donor (bone marrow), and four
unrelated cord blood (UCB) donors with at least four
matches among the six HLA A, B, and DRB1 antigens.
All patients received preparatory myeloablation. One

patient received a nonmyeloablative regimen based on a
combination of fludarabine and ATG before a second
HSCT procedure.
Seven patients received a combination of busulfan

(16mg/kg) and cyclophosphamide (200mg/kg). Three
patients received irradiation, combined with cyclophos-
phamide (120mg/kg) and etoposide in one case; cyclophos-
phamide (120mg/kg) in one case (conditioning for a second
HSCT; patient 4); and cyclophosphamide (120mg/kg) and
thiotepa (10mg/kg) in one case.
Two patients received two HSCT procedures, in one case

with the same sibling donor and in the other case with a

new, unrelated donor. The indications for these second
HSCT procedures were nonengraftment in one case and
AML relapse in the other. The latter patient received an
AML-based chemotherapy regimen, resulting in complete
remission prior to the second HSCT procedure, and was
prepared with a total body irradiation (TBI)-based
conditioning regimen.
The total number of infused nucleated cells ranged from

0.15� 108 to 8� 108/kg among patients who received cord
blood cells (median 5.6� 108/kg) and from 0.31� 108 to
8� 108/kg among patients who received marrow cells
(median 4.2� 108/kg). CD34þ cell selection was per-
formed in one case (patient 7).

Graft-versus-host disease (GVHD) prophylaxis

GVHD prophylaxis consisted of cyclosporine (CSA) and
short-course methotrexate (MTX) in six patients, and CSA
plus methylprednisone in three patients. Seven patients
with unrelated donors received ATG in their conditioning
regimen.

Results (Table 2)

Hematological recovery after HSCT

Engraftment failed in one case, while full hematological
recovery occurred in the other cases. The median time for
the neutrophil count to reach 0.5� 109/l was 38 days (range
18–71 days). The platelet count reached 20� 109/l after 15–
150 days (median 46 days), without further transfusions.

Engraftment

Engraftment failed in one patient. Chimerism analysis was
performed on seven patients by using polymerase chain
reaction (PCR) amplification of microsatellites. Complete
chimerism was found in six patients tested 1–2 months after
HSCT, and mixed chimerism was detected in one patient
(patient 8) with 84% of donor cells.

GVHD

Eight patients had grade 0–1 acute GVHD and one patient,
who had received UCB, had fatal acute grade IV GVHD.
One extensive chronic GVHD was observed.

Malignant relapse

HSCT was indicated for hematological malignancies in
four patients. One patient relapsed 6 months after HSCT.
Complete remission was achieved with chemotherapy and
was followed by a second HSCT. She is in remission with
normal blood counts more than 10 years after initial
HSCT.

Survival, causes of death, and complications

Three patients died (patients 2, 5, and 9). The overall
survival rate at 5 years is 61720% (Figure 1). The median
time between HSCT and death was 0.7 years.
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Table 1 Characteristics of the patients prior to BMT

Indication Patient Age at
diagnosis

Elastase
status

Associated features Major infections prior
to HSCT

Age at
HSCT
(years)

Indication for
HSCT

Cytogenetics at
diagnosis of
MDS/AL

Duration
MDS/AL-
HSCT

CT prior to
HSCT

Disease status
at HSCT

MDS/acute
leukemia

1 4 months Mut Pneumonia 9.8 MDS 45, XY,
del(6)(q21),
�7[15]/46,XY [5]

6 months No Chronic MDS
blasts 6%Otitis

Skin infections
2 3 days Mut Hepatic abscess 11.7 ALL 48 XX, del(5

q21q34), +21,
+22 (16)/46 XX
[8]

8 months FRALLE 93 CR
E. coli
Anal abscess
Pseudomonas
Pneumonia

3 6 months Mut Diabetes insipidus Pulmonary
aspergillosis

4.2 MDS 46,XX [2]/45,
XX, �7 [19]

6 months AML
protocol

CR cytologic
abnormalities

4 Not tested Ectodermic
dysplasia
dysmorphia

Pneumonia 12.5 AML t(8,21) 6 months #1: no; #2:
AML
protocol

#1: blasts
44%; #2: CROtitis

Osteitis

Bone marrow
failure

5 6 years Not mut Klippel-Trenaunay
deafness

Bacterial pneumonia 13 MDS 46 XX 9 months No Blasts 10%

Psycho-motor
retardation

No
malignancy

6 4 months Not tested Nephropathy Pseudomonas 6 Refractory
GCSF

7 Birth Mut 2 Refractory
GCSF

8 3 months Not mut Neurological
disorders

Bacterial pneumonia 3 Refractory
GCSF

9 3 months Not mut Pulmonary infections 19 Refractory
GCSFPseudomonas (skin)

Mut¼mutated; CR¼ complete remission; CT¼ chemotherapy.
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Table 2 HSCT characteristics and results

Indication Patient Conditioning
regimen

Graft origin/
matching

Nucleated
cells (108)

Engraftment GVHD
grade max

Relapse Complications Second HSCT Death Cause of
death

Follow-up
(days)

MDS/acute
leukemia

1 Bu16–Cy200–
ATG

MUD 10/10 3.45 Yes 1 No PTLD, CMV No 415

2 TBI12–Cy120–
etoposide-ATG

UCB 9/10 NC Yes 4 No AGVH IV, CGVHII,
HSV, HHV6, S.
pyogenes,
stenotrophomonas

Yes Septic
shock

258

3 Bu16–Cy200–
ATG

UCB 3/6 0.52 Yes 1 No — No 665

4 #1: Bu16–
Cy200

RD 10/10 5 Yes 0 Yes Relapse BMT1,
Bronchitis dilatation

Yes relapse No 3930

#2: TBI12–
Cy120

Bone marrow
failure

5 TBI12–Thio10–
Cy120-ATG

UCB 6/10 0.15 Yes 1 NA Secondary aplasia,
aspergillosis

Yes Aspergillus 374

No
malignancy

6 Bu16–Cy200–
ATG

UCB 4/6 11 Yes 0 NA — No 1272

7 Bu16–Cy200–
ATG

MUD 9/10 0.8 Yes 0 NA — No 270

8 Bu16–Cy200 RD 10/10 8 Yes 0 NA Neurologic disorders
worsened during
HSCT hemorrhagic
cystitis PTLD, E. coli
sepsis

No 1723

9 #1: Bu16–
Cy200–ATG

MUD 9/10 0.31 no 0 NA Yes Yes Septic
shock

71

#2: Flu–ATG No
engraftment

UCB¼ unrelated cord blood; MUD¼marrow unrelated donor; RD¼ related donor; Bu¼ busulfan; Cy¼ cyclophosphamide; ATG¼ antithymoglobulin; Thio¼ thiotepa; Flu¼ fludarabine; AGVH¼ acute
graft-versus-host disease; CGVH¼ chronic graft-versus-host disease; NC¼ not communicated; NA¼not applicable.
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The first patient (patient 2) developed acute grade IV
GVHD, chronic extensive GVHD, and died 258 days after
HSCT from Gram-negative sepsis. The second patient
(patient 5) died 374 days after HSCT from pulmonary
aspergillosis following secondary pancytopenia. The third
patient (patient 9) developed EBV post-transplant lympho-
proliferative disease (PTLD) and died of Gram-negative
sepsis 42 days after a second HSCT performed because
of primary nonengraftment (2.5 months after the first
transplantation).
These three patients had received HSC from unrelated

donors (marrow in one case, cord blood in two cases). They
were significantly older than the other patients (15 vs 7
years, P¼ 0.03).
Thus, severe infectious complications occurred in four

patients and were fatal in three. Two patients developed
EBV PTLD: one was cured by anti-CD20 therapy, while
the other died from associated sepsis. Two patients
developed CMV antigenemia and were treated preemp-
tively with foscavir or ganciclovir.
Two patients had long-term complications. One patient

developed bronchial dilatation and cardiac hypokinesia.16

This patient underwent a second HSCT for AML relapse
after the first HSCT and received intensive chemotherapy
before the second procedure. The second patient (patient 8)
had mild neurological abnormalities before transplanta-
tion. Neurological manifestations worsened after trans-
plantation, with ataxia, seizures, and language retardation.
MRI was normal, and metabolic disorders and viral
leukoencephalopathy were excluded. The neurological
disorders were probably related to the underlying disease,
as similar manifestations have already been reported in
three patients of Kostmann’s pedigree.17

Discussion

We report the outcome of HSCT in nine patients with SCN
and a poor prognosis. Six patients are currently alive and
cured of their initial disease. Infectious complications
associated with acute GVHD were the main cause of death
(three patients). Increased age at HSCT seemed to be
associated with poor outcome.

All patients received a myeloablative conditioning regi-
men prior to the first HSCT, usually with busulfan–
cyclophosphamide combination. This regimen was effec-
tive, as engraftment failed in only one patient; in addition,
full chimerism was obtained in six of the seven patients
tested, while the other patient had mixed chimerism. Less
toxic, nonmyeloablative conditioning regimens might
reduce transplanted-related mortality, but experience is
still limited, particularly in nonmalignant settings.11,18

MDS/leukemia in SCN patients carries an extremely
poor prognosis, and long-term survival has only been
reported after HSCT.19 However, the success rate of HSCT
for AML or MDS is low, as 17 of the 24 relevant patients
included in the International Severe Chronic Neutropenia
Registry died.7 The need for chemotherapy prior to HSCT
is controversial.20 It can be useful for patients with overt
leukemia, as in patients who have acute lymphoblastic
leukemia,13,21,22 but it can be deleterious in other patients as
it may contribute to increasing infection risk. In our series,
two patients with MDS and one with AML underwent
HSCT without initial chemotherapy. Only the patient with
AML relapsed after HSCT, but a subsequent course of
AML chemotherapy led to complete remission. Cases of
successful HSCT without prior chemotherapy have already
been described,9 but larger studies are needed to settle this
question.
HSCT is therefore a worthwhile option for patients who

do not respond to G-CSF therapy or who have only a
partial response and continue to have recurrent bacterial
infections, as well for patients with bone marrow failure.
Previously reported results have been encouraging, as 10
of the 12 patients transplanted for this indication have
survived.11,12 However, it should be noted that eight of
these patients had HLA-identical sibling donors, whereas
two of the four patients with alternative donors died.
These results suggest that HSCT should not be delayed

for patients at risk of MDS/leukemia or for those who do
not respond to G-CSF therapy, particularly if a HLA-
matched sibling donor is available. Myeloablative prepara-
tion with the busulfan–cyclophosphamide combination
appears adequate. The use of cytoreductive chemotherapy
before HSCT is controversial, particularly in patients
with MDS.
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