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INTRODUCTION

Severe congenital neutropenia (SCN) is a heterogeneous bone

marrow disorder, characterized by a disturbed myelopoiesis and

excessive apoptosis of myeloid progenitor cells [1,2]. SCN patients

suffer from recurrent bacterial infections early in life, and display an

absolute neutrophil count (ANC) below 0.5� 109/L, and maturation

arrest of the myelopoiesis in the bone marrow at the promyelocyte/

myelocyte stage [3]. SCN was originally described 50 years ago by

the Swedish pediatrician Rolf Kostmann as an autosomal recessive

disorder in a large kindred in the north of Sweden [4,5]. More recent

studies have identified mutations in ELANE (previously known as

ELA2) in autosomal dominant inherited or sporadic SCN [6] while

homozygous mutations of HAX1 cause autosomal recessive SCN

or Kostmann syndrome [7]. In addition, a few cases with a

heterozygous mutation in the GFI1 gene has been described [8]. In a

number of cases with SCN mutation screening has been negative,

suggesting additional genetic mechanisms.

The curative therapy for SCN is hematopoietic stem cell

transplantation (HSCT), but most patients do not have an HLA-

identical-related donor, and HSCT is associated with a considerable

risk of both morbidity and mortality [9,10]. Transplant-related

mortality is below 10% in patients with non-malignant disorders and

when using HLA-identical sibling donors [11]. Today, the main

treatment of SCN is granulocyte colony-stimulating factor

(G-CSF), and over 90% of the patients respond to the treatment

with increasing ANC and with decreasing frequencies of infections

and improved quality of life [3]. SCN is considered as a

premalignant condition; over 20% of the patients will develop

myelodysplastic syndrome or leukemia (MDS/L) according to

recent international studies [12,13]. Patients, who respond poorly to

G-CSF and therefore require high doses develop MDS/L in about

40% of the cases [12]. Annual bone marrow examinations are

recommended by the advisory board of the Severe Chronic

Neutropenia International Registry (SCNIR) due to the risk of

MDS/L [14]. Acquired mutations in the G-CSF receptor (CSF3R)

and/or acquired cytogenetic aberrations, such as monosomy 7 and

trisomy 21, can precede the evolution of leukemia, but these

alterations are not seen in all cases and the true mechanism

underlying the evolution to secondary malignancies in SCN patients

thus remains to be understood [15,16]. Traditional chemotherapeu-

tic treatment does not cure leukemia in this patient group and HSCT

also often fails [17,18]. Here, we report our experiences with HSCT
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in patients with SCN belonging to the original Kostmann family as

well as non-related patients with SCN with ELANE mutations or

unknown mutations, all treated at the same clinical center during the

past 5 years.

PATIENTS AND METHODS

Patients

Eight HSCT have been performed in seven patients with SCN

since 2004 at the Karolinska University Hospital. Ethical approval

for the current study was provided by the ethics committee at the

Karolinska University Hospital. All patients fulfilled the criteria for

SCN with ANC <0.5� 109/L prior to treatment with recombinant

G-CSF, maturation arrest of the myelopoiesis in the bone marrow at

the promyelocyte/myelocyte stage and a clinical picture typical of

SCN. All patients were screened for known disease-causing

mutations using standard methods previously described [2,7].

The Indications for HSCT

Transformation to MDS/L: Two patients were transplanted due

to MDS/L. Patient 2 was diagnosed with pre-B-ALL (acute

lymphoblastic leukemia) with aberrant expression of myeloid

markers at an annual routine bone marrow examination. Prior to

this occasion no cytogenetic aberrations or CSF3R mutations

had been identified. Spectral karyotyping (SKY) analysis

demonstrated a karyotype of 47,X,der(Y)t(Y;1),der(5)t(4;5),-

der(7)t(6;7),þi(21)(q10). No CSF3R mutation was detected [19].

The treatment with G-CSF was discontinued and the percentage

of leukemic blasts decreased. No chemotherapy was given.

Two months later, at 12 years of age, the patient underwent

allogeneic HSCT still with increased amount of leukemic blasts in

the bone marrow (Table I).

Patient 3 had a CSF3R mutation and trisomy 21 detected in about

45% of mononuclear cells from the bone marrow upon an annual

routine examination at 13 years of age. The complete blood count

(CBC) and the bone marrow morphology showed no sign of MDS/L.

Three months later a follow-up bone marrow examination was

performed, but now the karyotype was normal and no CSF3R

mutation could be detected. Approximately 6 months later the

patient started to have respiratory problems and developed

pulmonary infiltrates. A new bone marrow examination still did

not show morphological features of MDS/L but an increased

proportion of CD34þ cells were observed and again the CSF3R

mutation and trisomy 21 were seen together with additional genetic

aberrations. The karyotype was 47,XY,del(4), (q?), add(7)(q?),

t(12;19)(q12;p13),þ22[20]/48,idem,þ21[8]/46,XY[2]. It was con-

cluded that this was MDS or AML under development and the

patient underwent allogeneic HSCT at 14 years of age. No

chemotherapy was given prior to HSCT.

G-CSFR (CSF3R) mutation/s: Two patients (1 and 6) were

transplanted, at 28 and 19 years of age, respectively, following

detection of CSF3R mutations that were consistently detected at

high levels several years before the HSCT.

G-CSF resistance: Two patients (4 and 5) were transplanted due

to G-CSF resistance. Patient 4 was diagnosed at 12 months of age as

a sporadic SCN. The patient did not respond to G-CSF treatment at

doses up to 80 mg/kg/day; the ANC stayed below 0.2� 109/L. The

patient was transplanted twice, first at 2.8 and later at 3.2 years

of age.
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Patient 5 was diagnosed at 1 week of age due to purulent

infections in the eye and nose and is considered as a sporadic SCN.

The parents are of Arabic origin, but not related. The boy needed

high doses of G-CSF, up to 72 mg/kg/day, to reach ANC>1.0� 109/

L. An increased number of leukemic blasts in the bone marrow were

detected in a bone marrow examination performed just prior to the

start of the conditioning treatment and MDS development was

suspected. No chemotherapy was given prior to HSCT, which was

performed at the age of 7 years.

At the patient’s own request: patient 7 was very distressed by the

injection of the G-CSF preparation and the compliance of the

treatment was poor. He and the parents requested transplantation.

The patient was on G-CSF treatment for 14 years prior to HSCT,

which was performed at the age of 18 years.

Conditioning and GVHD Prophylaxis

The conditioning regimens and the graft-versus-host disease

(GVHD) prophylaxis were individualized in an attempt to address

specific clinical situations (SCN and/or MDS/L), available donor,

and stem cell source. The standard conditioning regimens were

changed during these years. Three patients received myeloablative

conditioning consisting of busulphan (16 mg/kg) in combination

with cyclophosphamide (120 mg/kg) and with the addition of

melphalane (140 mg/m2) in two patients [20]. Four patients received

reduced intensity conditioning (RIC). One patient received

fludarabine (30 mg/m2) for 6 consecutive days, combined with

busulphan (8 mg/kg) [21]. Three patients received fludarabine

(30 mg/m2) for 5 days combined with treosulphan (14 mg/kg) for

3 days. For retransplantation, fludarabine (30 mg/m2/day) for 5 days

was combined with cyclophosphamide (120 mg/kg). Two patients

received cyclosporine (CsA) combined with four doses of

methotrexate (MTX) [22]. Two patients with MDS/L were given

low-dose CsA combined with MTX [23]. The goal for low-dose CsA

was serum levels of 100–150 ng/ml. The standard therapeutic levels

are 200–300 ng/ml. The recipients of cord blood transplants

received CsA combined with prednisolone. Two patients were

given rapamycin, one in combination with CsA, and the other

combined with tacrolimus (Table II).

Engraftment and Chimerism Analysis

Definition of engraftment was ANC >0.5� 109/L or complete

donor engraftment based on �95% CD3þ, CD19þ, and CD 33þ
donor cells in peripheral blood (PB). For chimerism analysis, PB

samples were collected from the donor and recipient before

transplant and from the recipient on days þ14, þ21, þ28, and

usually every other week up to 3 months and monthly thereafter.

Bone marrow was also analyzed in some of the patients. DNA from

donor and recipient pretransplantation samples was extracted, using

standard protocols (MagNA Pure, Roche, Basel, Switzerland). To

evaluate lineage-specific chimerism, CD3, CD19, and CD33-

positive cells were selected from PB, using immunomagnetic beads

(Dynal, Oslo, Norway). The methodology and sensitivity of

chimerism analysis in the various cell lineages is described

elsewhere [24].

RESULTS

The mutations found that cause the underlying SCN are

described in Table I. Of the ELANE mutations identified in this

study, two mutations were novel (H87del and C151S). The mean age

at transplantation was 13 years (range 2.8 and 28 years). The post-

transplantation mean follow-up was 32 months (range 21–

60 months). Four grafts were from HLA-identical siblings (one

cord blood). Three grafts were from MUD and one was from an

HLA-mismatched unrelated cord blood unit (Table I).

Engraftment and Hematological Recovery After HSCT

Donor engraftment occurred in all HSCT procedures. ANC

>0.5� 109/L was achieved after seven of eights transplantations

(Table II). The ANC count reached >0.5� 109/L at a mean of

28 days (range 12–54 days). Patient 5 did not reach ANC

>0.5� 109/L but complete donor chimerism in PB was documented

at 1 month after HSCT. Moreover, the patient developed acute

GVHD grade IV and therapy-resistant septicemia, from which the

patient died on day 40. Three patients received G-CSF post-

transplantation; one (patient 4) due to a rejection (the patient was re-

transplanted) and two (patients 6 and 7) received a short course of G-

CSF because of relatively long neutropenia post-HSCT. One patient

(patient 4) is mixed chimera in all cell lineages but with normal or

near normal ANC values and currently does not require G-CSF

treatment. This patient had ANC above 0.5 at dayþ54, this could be

related to a G-CSF effect on autologous neutrophils. At þ90 days

20% of the CD 33þ cells were of donor origin.

Chimerism Data

Three patients became complete donor chimeras at 3 months and

four were mixed chimeras in blood. At 12 months, only patient 4 had

a domination of recipient cells in CD3þ, CD19þ, and CD33þ cells

(Table III). Recipient cells also dominated in the bone marrow at

1 year post-transplant in this patient. However, at 33 months after

the second HSCT the patient is >95% donor in CD33þ cells, but

35% and 20% donor in, CD19 and CD3þ cells, respectively.

GVHD

Three of seven patients developed acute GVHD grades II–IV

(Table II). Patient 5, who had received a cord blood graft, developed

grade IV GVHD with therapy-resistant septicemia and died. One of

six patients (patient 3) who survived for more than 3 months

developed chronic GVHD in lungs, gut, and skin 2 years post-

transplant and remains on immunosuppressive treatment.

Donor Lymphocyte Infusion (DLI)

Patient 2 received a total of four DLIs with increasing numbers of

CD3þ cells (0.2� 106 to 1� 107 CD3þ cells/kg) due to increasing

proportions of recipient cells. The patient responded and become a

donor chimera.

Patient 4 received DLI, 1� 106 CD3þ cells/kg 2 months after

due to a threatening rejection. She went on and rejected completely

and was retransplanted at day 119 after the first HSCT with bone

marrow from the same sibling. There was mixed chimerism after

the second transplant and she again received DLI, 5� 106 CD3þ
cells/kg a month after the second HSCT. Donor chimerism has

thereafter gradually increased with>95% donor cells in the myeloid

fraction almost 3 years after the second transplant.

Patient 7 received DLI at a dose of 1� 106 CD 3þ cells/kg at day

þ45 after HSCT due to an increasing proportion of recipient cells.

Pediatr Blood Cancer DOI 10.1002/pbc

446 Carlsson et al.



Pediatr Blood Cancer DOI 10.1002/pbc

T
A

B
L

E
II

.
H

em
a

to
p

o
ie

ti
c

S
te

m
C

el
l

T
ra

n
sp

la
n

ta
ti

o
n

(H
S

C
T

)
a

n
d

O
u

tc
o

m
es

P
at

ie
n
t

n
u
m

b
er

C
el

l
d
o
se

(C
D

3
4
þ

ce
ll

s/

1
0

6
/k

g
)

C
o
n
d
it

io
n
in

g

re
g
im

e
A

T
G

G
V

H
D

p
ro

p
h
y
la

x
is

E
n
g
ra

ft
m

en
t

A
N

C

>
0
.5
�

1
0

9
/

L
D

ay

P
la

te
le

ts

>
5
0
�

1
0

9
/

L
D

ay

G
-C

S
F

p
o
st

-S
C

T

A
cu

te

G
V

H
D

g
ra

d
e

C
h
ro

n
ic

G
V

H
D

g
ra

d
e

R
ej

ec
ti

o
n

D
o
n
o
r

ly
m

p
h
o
cy

te

in
fu

si
o
n

F
o
ll

o
w

-u
p

ti
m

e
(m

o
n
th

s)
O

u
tc

o
m

e/
cl

in
ic

al
st

at
u
s

1
1
9
.1

F
lu
þ

B
u

C
am

p
F

k
þ

R
ap

a
Y

es
2
2

1
4

N
o

0
0

0
6
0

W
el

l
h
y
p
er

th
y
re

o
si

s
(r

ad
io

jo
d

an
d

le
v
o
th

y
ro

x
in

).
N

o
rm

al

A
N

C

2
4
.4

8
B

u
þ

C
y

A
T

G
C

sA
þ

M
T

X
Y

es
1
7

1
8

N
o

II
0

0
Y

es
D

ie
d

1
0

m
o
n
th

s
p
o
st

-H
S

C
T

o
f

u
n
k
n
o
w

n
ca

u
se

3
2
6
.8

B
u
þ

C
y
þ

-

M
el

A
T

G
L

o
w

C
sA
þ

M
T

X
Y

es
1
2

1
3

N
o

I
Y

es
0

3
1

S
ev

er
e

cG
V

H
D

.
N

o
rm

al
A

N
C

4
0
.6

F
lu
þ

T
re

o
A

T
G

C
sA
þ

P
re

d
Y

es
5
4

2
6

Y
es

0
0

Y
es

Y
es

R
et

ra
n
sp

l
d
ay

1
1
9

4
9
.0

F
lu
þ

C
y

A
T

G
L

o
w

C
sA
þ

M
T

X
Y

es
2
5

1
N

o
0

0
P

ar
ti

al
Y

es
2
6

W
el

l
re

ci
p
ie

n
t

ch
im

er
is

m
,

su
b
n
o
rm

al
A

N
C

5
0
.0

7
B

u
þ

C
y
þ

-

M
el

A
T

G
C

sA
þ

P
re

d
Y

es
N

o
N

o
N

o
IV

0
0

D
ie

d
d
ay

4
0

o
f

aG
V

H
D

6
2
.4

F
lu

-T
re

o
A

T
G

C
sA
þ

M
T

X
Y

es
2
0

2
5

Y
es

I
0

0
2
4

Q
u
it

e
w

el
l.

N
u
tr

it
io

n
an

d

re
sp

ir
at

o
ry

p
ro

b
le

m
s.

V
al

p
ro

at
.

N
o
rm

al
A

N
C

7
1
.0

F
lu

-T
re

o
A

T
G

C
sA
þ

R
ap

a
Y

es
2
3

1
7
0

Y
es

II
af

te
r

D
L

I

0
0

Y
es

2
1

W
el

l.
N

o
rm

al
A

N
C

A
T

G
,

an
ti

-t
h

y
m

o
g

lo
b
u

li
n

w
as

g
iv

en
6

–
8

m
g

/k
g

d
ay
�

4
/�

3
to

d
ay
�

1
;

C
am

p
,

C
am

p
at

h
(a

le
m

tu
zu

m
ab

);
F

lu
,

fl
u

d
ar

a;
B

u
,

b
u

su
lf

an
;

C
y,

cy
cl

o
p

h
o

sp
h

am
id

;
M

el
,

m
el

p
h

al
an

;
T

re
o

,
tr

eo
su

lf
an

;
F

k
,

ta
cr

o
m

il
u

s;
R

ap
a,

ra
p

am
y

ci
n

;C
sA

,c
y

cl
o

sp
o

ri
n

e;
M

T
X

,m
et

h
o

tr
ex

at
e;

P
re

d
,p

re
d

n
is

o
lo

n
;G

V
H

D
,g

ra
ft

-v
er

su
s-

h
o

st
d

is
ea

se
;A

N
C

,a
b

so
lu

te
n

eu
tr

o
p

h
il

co
u

n
t;

G
-C

S
F
,g

ra
n

u
lo

cy
te

co
lo

n
y

-s
ti

m
u

la
ti

n
g

fa
ct

o
r.

D
o

n
o

r
ly

m
p

h
o

cy
te

in
fu

si
o

n
w

as
d

o
n

e
d

u
e

to
ch

im
er

is
m

.P
at

2
:d

1
2

9
0

.2
�

1
0

6
/k

g
an

d
d

1
5

0
1
�

1
0

6
/k

g
.P

at
4

a:
d

6
1

1
�

1
0

6
/k

g
.P

at
4

b
:d

3
5

5
�

1
0

6
/k

g
.P

at
7

:d
4

5
1
�

1
0

6
/k

g
an

d
d

7
6

5
�

1
0

6
/k

g
.

HSCT in SCN 447



The immunosuppression was discontinued at day þ47. Due to

continuously increasing recipient cells a second DLI was given

at day þ72, 5� 106 CD3þ cells/kg and a third DLI, 8.4� 106

CD3þ cells/kg, at day þ98. Thereafter the patient developed

GVHD of the liver which responded to steroids and cyclosporine A

treatment. The patient responded to DLI and is today 100% donor in

all hematopoietic cell lineages.

Outcome

Two out of seven (29%) patients have died—both with MDS/L

(Table II). One patient died of acute GVHD and the other at

10 months post-transplant of unknown cause [25]. Thus, five out of

seven patients (71%) survived. One patient has a mixed chimerism

with a high proportion of recipient cells. However, the patient has a

normal or slightly subnormal ANC without G-CSF treatment and no

problems of bacterial infections. Four of the five surviving patients

have a good quality of life.

DISCUSSION

SCN is a heterogeneous bone marrow failure syndrome with

different modes of inheritance. The two major causative genetic

defects in SCN are heterozygous ELANE mutations and homo-

zygous HAX1 mutations. Out of 114 patients tested and registered to

the European branch of the SCNIR, 65 (57%) patients harbor

ELANE mutations and 14 (12%) HAX1 mutations, while 35 patients

(31%) were negative for both mutations [16]. We and others have

shown that patients belonging to the original Kostmann family

harbor mutations in the HAX1 gene located on chromosome 1q22

[7,26]. Here, we provide a retrospective analysis of HSCT

performed in patients belonging to the original Kostmann family

as well as in other unrelated patients with SCN who were treated at

the same clinical center. The patient cohort is small and

heterogeneous, but since the disease is rare and there are very few

reports on HSCT in these patients with SCN, we find it important to

report our experiences.

Patients with both ELANE and HAX1 mutations appear to have a

similar phenotype and a risk of MDS/L [7,16]. However, there are a

few patients with SCN without detectable mutations in ELANE or

HAX1, and in this group of patients MDS/L has also occurred [13].

Most patients with SCN respond to G-CSF treatment and have a

good quality of life, but it does not cure the disease. The only cure for

SCN is HSCT but due to the potential toxicity, HSCT is only

recommended for certain indications, that is, development of MDS/

L and unresponsiveness to G-CSF treatment. The cumulative risk of

developing MDS/L is currently estimated to be>20% after 10 years

treatment with G-CSF and in certain subgroups of patients it is over

40% [12]. This raises the question whether patients with an HLA-

identical sibling should be recommended to undergo HSCT prior to

any signs of MDS/L. The discussion as to whether HSCT should be

an alternative is preferably done early after diagnosis. Factors to

base the decision on include the response to G-CSF therapy, the

long-term costs of the respective treatments, the risk of developing

MDS/L (as determined based on the acquisition of CSF3R

mutations and/or acquired cytogenetic aberrations such as monos-

omy 7 and trisomy 21 [15,16]) and the suitability of the donor versus

the risk of mortality and morbidity of the HSCT procedure itself.

With regard to the response to G-CSF therapy, obviously non-

response to therapy is an indication for HSCT; however, since as
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many as 40% of less-responsive patients are at risk of developing

MDS/L [12], such patients may also be strong candidates for HSCT.

HSCT has been reported as a possible treatment of SCN prior to

the introduction of G-CSF treatment [27]. The main indication for

HSCT has been malignant transformation to MDS/L [17], but the

procedure has also been performed in patients without leukemic

transformation [28]. The French SCN register reported their

experience of HSCT in nine cases with different indications for

the transplant [29]. In the literature we found altogether 37 patients

with SCN that had underwent HSCT (Table IV). In our series, seven

patients were transplanted, one patient twice, between 2004 and

2008. Different stem cell sources were used based on availability. In

two patients cord blood were used. One recipient was grafted with

cord blood from a sibling but rejected and was retransplanted with

bone marrow from the same donor. Another patient received

unrelated cord blood, the patient did not show neutrophil engraft-

ment; however, chimerism analysis showed more than 95% donor

cells in the blood. This patient developed GVHD and died 40 days

after transplantation. As experienced in our cord blood grafted

patients and data from other reports [30,31], rejection or poor

engraftment are problems more commonly seen after cord blood as

compared to bone marrow or PB transplantations. Three patients

were transplanted with MDS/L. Two of these patients have died,

while one is alive but has a severe chronic GVHD. This is in

accordance with previous experiences showing that the prognosis is

poor if leukemia has developed. Patients with MDS have a better

outcome [17]. Choi et al. [17] reported SCT in six patients with

MDS/L. All four patients who received induction chemotherapy

Pediatr Blood Cancer DOI 10.1002/pbc

TABLE IV. Published HSCT in SCN

Refs.

No. of

patients Indication(s) Donor Conditioning Outcome and notes

Zeidler et al.

[28]

11 Non-malignant.

Non-responder

or partial

responder to

G-CSF

MRD (8), single

ag-mm (2),

haploid father

(1)

Bu-Cy (4), Bu-Cy-ATG

(3), Bu-Cy-ATG-Thiot

(1), Cy (1), Bu-Cy-Thiot

(1), Bu-Cy-Mel (1)

1 graft rejection; 2 dead (GVHD

grade IV and multiorgan failure);

1 GVHD grade IV and failure to

thrive; 1 GVHD grade III;

1 cystectomy due to hemorrhagic

cystitis; 5 no major problems

Toyoda et al.

[36]

1 G-CSF resistance MUD TBI-Cy-Etop-ATG Live 23 months post-txp. Pretranspl

lung abscesses

Dallorso

et al. [37]

1 MDS/AML MUD Bu-Cy-Mel-ATG Live 33 months post-txp. Pretranspl

fungal infection of the lung;

1 FLAG and 1 IDA-FLAG prior

SCT had no effect of the AML

Ferry et al.

[29]

9 MDS/acute leukemia

(4). G-CSF

refractory (4).

Bone marrow

failure (1)

MUD (3), UCB

(4), RD (2)

Bu-Cy-ATG (5), Bu-Cy

(1), TBI-Cy-Etop-ATG,

TBI-Cy (1), TBI-Thiot-

Cy-ATG (1), Flu-ATG

(1)

3 dead/6 alive. 3/4 with MDS/AL is

alive. Cause of death: 2 septic

chock, 1 aspergillus. 2 SCT twice.

1 malignant relapse after 6 months

Mino et al.

[38]

1 Non-responder to

G-CSF

UMCB Bu-Cy-ATG Alive

Nakazawa

et al. [39]

1 Non-responder to

G-CSFþ
cytogenetic

aberration

UCB with HLA-

DRB1 mismatch

TBI-Flu-Cy Alive

Choi et al.

[17]

6 MDS (2), MDS/

AML (2), AML

(2)

MUD (4), URD

single ag mm (2)

TBI-Cy (1), Bu-AraC-Cy

(5)

4 dead/2 alive. Cause of death:

2 CGVHD, 1 graft failure,

1 relapsed AML

Fukano et al.

[32]

1 Non-responder to

G-CSF

UCB single

mismatch

Flu-Mel-ATG (RIC) Alive. Full donor chimerism

Cojean et al.

[40]

1 Non-responder to

G-CSF

MRD Bu-Cy-ATG Alive 8 months post-txp. Pretranspl

inflammatory pseudotumor of the

liver. Full donor chimerism

Thachil et al.

[41]

1 Non-responder to

G-CSF

MUD Flu-Campath-Thiot Alive 30 months post-txp. Full donor

chimerism

Markel et al.

[42]

2 Non-responder to

G-CSF

UCB Unknown Both alive. One patient underwent

3 UCB SCT due to inadequate

conditioning

Yesilipek

et al. [43]

2 Non-responder to

G-CSF

UCB 6/6 and 5/6

HLA match

Bu-Cy Both alive. Full donor chimerism

Total 37 28 alive/37 patients (76%)

MDS/AML, myelodysplastic syndrome/acute myeloid leukemia; MRD, mixed related donor; MUD, mixed unrelated donor; UCB, unrelated cord

blood; RD, related donor; UMCB, unrelated matched cord blood; Bu, busulfan; Cy, cyclophosphamid; Flu, fludarabin; Mel, melphalan; Thiot,

thiotepa; Etop, etoposid; ATG, anti-thymoglobulin; TBI, total body irradiation; AraC, cytarabin; Campath, alemtuzumab; IDA-FLAG, a

chemotherapy regimen with idarubicin, fludarabine, Ara-C and G-CSF; RIC, reduced intensity conditioning. The search was done in Pubmed. The

search terms were: SCN and transplantation, severe chronic neutropenia and transplantation and Kostmann syndrome and transplantation.
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died, while two patients with MDS survived. In the present study, all

four patients with other indications for HSCT are alive. This

illustrates the need of yearly bone marrow controls since leukemia

evolution is preceded in many cases by the acquisition of CSF3R

mutations [16] and/or cytogenetic aberrations in mononuclear bone

marrow cells [15].

One of five surviving patients in our cohort has mixed chimerism

with the majority of recipient cells in CD3þ and CD19þ cell

fractions, but >95% donor in CD33þ cells in blood. The goal is

obviously to achieve 100% donor cells, but one should also aim to

avoid an undesirable degree of toxicity such as acute GVHD. Mixed

chimerism is acceptable in many non-malignant cases. In patients

transplanted for SCN, we do not yet know if having remaining

recipient cells with the underlying mutation poses a risk for

development of secondary malignancies. Two MDS/AML relapses

are reported but no data regarding chimerism were given for these

patients (Table IV) [17,29]. Fukano et al. [32] have suggested RIC to

avoid toxicity both in the short and in the long-term, but they did not

discuss the risk of mixed chimerism. We cannot exclude that

patients with mixed chimerism are at risk of developing MDS/L.

The remaining cells with the underlying mutation could still be

prone to develop into a malignant clone, and it might therefore be

logical to try to achieve complete donor chimerism. This can either

be achieved by intensifying the conditioning regimen or to give

post-transplant DLI. Both of these strategies are associated with an

increased risk for transplant-related toxicity. Longer follow-up and

larger patient series might help to resolve this issue.

The role of continuous G-CSF treatment for the malignant

evolution is not fully understood. The present view is that G-CSF, a

growth factor with known anti-apoptotic properties, might stimulate

an established malignant clone but may not trigger the emergence of

such a clone. Leukemia has been reported in patients with SCN prior

to the introduction of treatment with G-CSF [33], while MDS/L has

not been reported in G-CSF-treated patients with cyclic neutrope-

nia. Moreover, transgenic mice harboring SCN patient-derived

CSF3R mutations show a hyperresponsiveness to G-CSF, yet do not

develop leukemia, despite prolonged administration of large doses

of G-CSF [34,35]. Acquired mutations in the CSF3R gene may thus

not be the driving event in leukemogenesis but could be reflective of

an inherent genetic instability in cells from these patients. It has been

suggested that the pathogenesis of SCN and its evolution to

secondary malignancies may involve an underlying genomic

instability and pharmacological doses of G-CSF could potentially

stimulate the stepwise acquisition of genetic changes in bone

marrow cells in these patients and proliferation of a potential

malignant clone of cells [16].

In summary, despite recent improvements in transplantation,

HSCTin SCN is associated with significant mortality and morbidity.

The poor prognosis reported for patients with SCN who have

developed leukemia [17] was also recapitulated in our single-

center experience concerning both morbidity and mortality. SCN

is a rare condition and international cooperation to optimize a

protocol for HSCT in SCN patients is desired to achieve a more

unified approach and hopefully improved outcomes. Moreover,

the role of mixed chimerism for the development of MDS/L in

cells harboring the underlying mutation has to be studied

further. Finally, if mixed chimerism is demonstrated to convey a

risk of malignant transformation, it will be necessary to avoid this by

employing fully myeloablative conditioning and grafts with high

cell counts.

ACKNOWLEDGMENT

The authors thank the patients and their families for their

cooperation. The study was supported by grants from the Swedish

Children’s Cancer Foundation (G.C., B.F., J-I.H., O.R.), Swedish

Cancer Foundation (B.F., M.N., J-I.H., O.R.), Swedish Research

Council (B.F., M.N., J-I.H., O.R.), and Stockholm County Council

(ALF project) (project coordinator: B.F.).

REFERENCES

1. Carlsson G, Andersson M, Pütsep K, et al. Kostmann syndrome or

infantile genetic agranulocytosis, part one: Celebrating 50 years of

clinical and basic research on severe congenital neutropenia. Acta

Paediatr 2006;95:1526–1532.

2. Carlsson G, Melin M, Dahl N, et al. Kostmann syndrome or

infantile genetic agranulocytosis, part two: Understanding the

underlying genetic defects in severe congenital neutropenia. Acta

Paediatr 2007;96:813–819.

3. Welte K, Zeidler C, Dale DC. Severe congenital neutropenia.

Semin Hematol 2006;43:189–195.

4. Kostmann R. Infantile genetic agranulocytosis. A new recessive

lethal disease in man. Acta Paediatr 1956;45:1–78.

5. Kostmann R. Infantile genetic agranulocytosis. A review with

presentation of ten new cases. Acta Paediatr 1975;64:362–368.

6. Dale DC, Person RE, Bolyard AA, et al. Mutations in the gene

encoding neutrophil elastase in congenital and cyclic neutropenia.

Blood 2000;96:2317–2322.

7. Klein C, Grudzien M, Appaswamy G, et al. HAX1 deficiency

causes autosomal recessive severe congenital neutropenia (Kost-

mann disease). Nat Genet 2007;39:86–92.

8. Person RE, Li FQ, Duan Z, et al. Mutations in proto-oncogene GFI1

cause human neutropenia and target ELA2. Nat Genet 2003;34:

308–312.

9. Storb R, Thomas ED. Allogeneic bone marrow transplantation.

Immunol Rev 1983;71:77–102.

10. Ringdén O, Remberger M, Svenberg P, et al. Fludarabine-based

disease-specific conditioning or conventional myeloablative con-

ditioning in hematopoietic stem-cell transplantation for treatment

of non-malignant diseases. Bone Marrow Transplant 2007;39:

383–388.

11. Ringdén O, Remberger M, Svahn B-M, et al. Allogeneic

hematopoietic stem cell transplantation for inherited disorders:

Experience in a single-center. Transplantation 2006;81:718–725.

12. Rosenberg PS, Alter BP, Bolyard AA, et al. Severe Chronic

Neutropenia International Registry. The incidence of leukemia and

mortality from sepsis in patients with severe congenital neutrope-

nia receiving long-term G-CSF therapy. Blood 2006;107:4628–

4635.

13. Rosenberg PS, Alter BP, Link DC, et al. Neutrophil elastase

mutations and risk of leukemia in severe congenital neutropenia. Br

J Haematol 2008;140:210–213.

14. Zeidler C, Boxer L, Dale DC, et al. Management of Kostmann

syndrome in the G-CSF era. Br J Haematol 2000;109:490–495.

15. Freedman MH, Bonilla MA, Fier C, et al. Myelodysplasia

syndrome and acute myeloid leukemia in patients with congenital

neutropenia receiving G-CSF therapy. Blood 2000;96:429–436.

16. Zeidler C, Germeshausen M, Klein C, Welte K. Clinical implica-

tions of ELA2-, HAX1-, and G-CSF-receptor (CSF3R) mutations

in severe congenital neutropenia. Br J Haematol 2009;144:459–

467.

17. Choi SW, Boxer LA, Pulsipher MA, et al. Stem cell transplantation

in patients with severe congenital neutropenia with evidence of

leukemic transformation. Bone Marrow Transplant 2005;35:473–

477.

Pediatr Blood Cancer DOI 10.1002/pbc

450 Carlsson et al.



18. Dale DC, Cottle TE, Fier CJ, et al. Severe chronic neutropenia:

Treatment and follow-up of patients in the Severe Chronic

Neutropenia International Registry. Am J Hematol 2003;72:82–

93.

19. Carlsson G, Aprikyan AA, Ericson KG, et al. Neutrophil elastase

and granulocyte colony-stimulating factor receptor mutation

analyses and leukemia evolution in severe congenital neutropenia

patients belonging to the original Kostmann family in northern

Sweden. Haematologica 2006;91:589–595.

20. Ringdén O, Ruutu T, Remberger M, et al. A randomized trial

comparing busulphan with total body irradiation as conditioning in

allogeneic marrow transplant recipients with leukemia. A report

from the Nordic Bone Marrow Transplantation Group. Blood

1994;83:2723–2730.

21. Slavin S, Nagler A, Naparstek E, et al. Nonmyeloablative stem cell

transplantation and cell therapy as an alternative to conventional

bone marrow transplantation with lethal cytoreduction for the

treatment of malignant and non-malignant hematologic disease.

Blood 1998;91:756–763.

22. Storb R, Martin P, Deeg HJ, et al. Long-term follow-up of three

controlled trials comparing cyclosporine versus methotrexate for

graft-versus-host disease prevention in patients given marrow

grafts for leukemia. Blood 1992;79:3091–3092.

23. Carlens S, Aschan J, Remberger M, et al. Low-dose cyclosporine of

short duration increases the risk of mild and moderate GVHD and

reduces the risk of relapse in HLA-identical sibling marrow

transplant recipients with leukemia. Bone Marrow Transplant

1999;24:629–635.

24. Ringdén O, Okas M, Uhlin M, et al. Unrelated cord blood and

mismatched unrelated donor transplants, two alternatives in

patients who lack an HLA-identical donor. Bone Marrow Trans-

plant 2008;42:643–648.

25. Carlsson G, Van’t Hooft I, Melin M, et al. Central nervous system

involvement in severe congenital neutropenia: Neurological and

neuropsychological abnormalities associated with specific HAX1

mutations. J Intern Med 2008;264:388–400.

26. Melin M, Entesarian M, Carlsson G, et al. Assignment of the gene

locus for severe congenital neutropenia to chromosome 1q22 in the

original Kostmann family from Northern Sweden. Biochem

Biophys Res Commun 2007;353:571–575.

27. Rappeport JM, Parkman R, Newburger P, et al. Correction of

infantile agranulocytosis (Kostmann’s syndrome) by allogeneic

bone marrow transplantation. Am J Med 1980;68:605–609.

28. Zeidler C, Welte K, Barak Y, et al. Stem cell transplantation in

patients with severe congenital neutropenia without evidence of

leukemic transformation. Blood 2000;95:1195–1198.

29. Ferry C, Ouachée M, Leblanc T, et al. Hematopoietic stem cell

transplantation in severe congenital neutropenia: Experience of the

French SCN register. Bone Marrow Transplant 2005;35:45–50.

30. Ringdén O, Okas M, Uhlin M, et al. Unrelated cord blood and

mismatched unrelated volunteer donor transplants, two alternatives

in patients who lack an HLA-identical donor. Bone Marrow

Transplant 2008;42:643–648.

31. Rocha V, Labopin M, Sanz G, et al. Transplants of umbilical-cord

blood or bone marrow from unrelated donors in adults with acute

leukemia. N Engl J Med 2004;351:2276–2285.

32. Fukano R, Nagatoshi Y, Shinkoda Y, et al. Unrelated bone marrow

transplantation using a reduced-intensity conditioning regimen for

the treatment of Kostmann syndrome. Bone Marrow Transplant

2006;38:635–636.

33. Gilman PA, Jackson DP, Guild HG. Congenital agranulocytosis:

Prolonged survival and terminal acute leukemia. Blood 1970;36:

576–585.

34. McLemore ML, Poursine-Laurent J, Link DC. Increased gran-

ulocyte colony-stimulating factor responsiveness but normal

resting granulopoiesis in mice carrying a targeted granulocyte

colony-stimulating factor receptor mutation derived from a patient

with severe congenital neutropenia. J Clin Invest 1998;102:483–

492.

35. Hermans MH, Antonissen C, Ward AC, et al. Sustained receptor

activation and hyperproliferation in response to granulocyte

colony-stimulating factor (G-CSF) in mice with a severe congenital

neutropenia/acute myeloid leukemia-derived mutation in the G-

CSF receptor gene. J Exp Med 1999;189:683–692.

36. Toyoda H, Azuma E, Hori H, et al. Successful unrelated BMT in a

patient with Kostmann syndrome complicated by pre-transplant

pulmonary ’bacterial’ abscesses. Bone Marrow Transplant 2001;

28:413–415.

37. Dallorso S, Manzitti C, Dodero P, et al. Uneventful outcome of

unrelated hematopoietic stem cell transplantation in a patient

with leukemic transformation of Kostmann syndrome and long-

lasting invasive pulmonary mycosis. Eur J Haematol 2003;70:322–

325.

38. Mino E, Kobayashi R, Yoshida M, et al. Umbilical cord blood stem

cell transplantation from unrelated HLA-matched donor in an

infant with severe congenital neutropenia. Bone Marrow Trans-

plant 2004;33:969–971.

39. Nakazawa Y, Sakashita K, Kinoshita M, et al. Successful unrelated

cord blood transplantation using a reduced-intensity conditioning

regimen in a 6-month-old infant with congenital neutropenia

complicated by severe pneumonia. Int J Hematol 2004;80:287–

290.

40. Cojean N, Blondet C, Marcellin L, et al. Successful stem cell

transplantation in an infant with severe congenital neutropenia

complicated by pretransplant inflammatory pseudotumor of the

liver. Bone Marrow Transplant 2006;38:641–643.

41. Thachil J, Caswell M, Bolton-Maggs PH, et al. Non-myeloablative

transplantation for severe congenital neutropenia. Pediatr Blood

Cancer 2008;50:920–921.

42. Markel MK, Haut PR, Renbarger JA, et al. Unrelated cord blood

transplantation for severe congenital neutropenia: Report of two

cases with very different transplant courses. Pediatr Transplant

2008;12:896–901.

43. Yesilipek MA, Tezcan G, Germeshausen M, et al. Unrelated cord

blood transplantation in children with severe congenital neutrope-

nia. Pediatr Transplant 2009;13:777–781.

Pediatr Blood Cancer DOI 10.1002/pbc

HSCT in SCN 451


