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Key Points

• The outcome of HSCT in this
large SCN cohort is acceptable.

• Given the TRM, a careful
selection of HSCT candidates
should be undertaken.

Allogeneic hematopoietic stem cell transplantation (HSCT) is the only curative treatment

of severe congenital neutropenia (SCN), but data onoutcomeare scarce.We report on the

outcome of 136 SCN patients who underwent HSCT between 1990 and 2012 in European

andMiddle East centers. The 3-year overall survival (OS) was 82%, and transplant-related

mortality (TRM) was 17%. In multivariate analysis, transplants performed under the age

of 10 years, in recent years, and from HLA-matched related or unrelated donors were

associated with a significantly better OS. Frequency of graft failure was 10%. Cumulative

incidence (day 190) of acute graft-versus-host disease (GVHD) grade 2-4 was 21%. In

multivariate analysis, HLA-matched related donor and prophylaxis with cyclosporine A andmethotrexatewere associatedwith lower

occurrence of acute GVHD. Cumulative incidence (1 year) of chronic GVHD was 20%. No secondary malignancies occurred after

a median follow-up of 4.6 years. These data show that the outcome of HSCT for SCN from HLA-matched donors, performed in recent

years, in patients younger than 10 years is acceptable. Nevertheless, given theTRM, a careful selectionof HSCTcandidates should be

undertaken. (Blood. 2015;126(16):1885-1892)
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Introduction

The severe congenital neutropenias (SCNs) are a group of congenital
disorders characterized bya persistent absolute neutrophil count (ANC)
,0.5 3 109/L because of a lack of promyelocyte maturation and
by dependency on granulocyte–colony-stimulating factor (G-CSF)
therapy.1 A mutation is found in almost 60% of patients; ELANE
and HAX1 are the genes most commonly involved in the sporadic/
autosomal dominant and recessive forms.2-4Other genes, such asGFI1,
WASP, andG6PC3, are less frequentlymutated.5-7 SCN patients are at
risk of developing potentially lethal infections. Before the introduction
ofG-CSF, SCNwas associatedwith amortality risk of up to 50% in the
first year of life because of bacterial infections. After the introduction of
G-CSF, the prognosis of SCN has dramatically improved,8 with long-
term survival up to 95%.9 SCN patients are also at considerable risk of
transforming events such as myelodysplastic syndrome (MDS) and/or
acute leukemia (AL) with a cumulative incidence of 22% and 11%
according to the Severe Chronic Neutropenia International Registry
and the Severe Chronic Neutropenia French Registry, respectively.9,10

In these patients, the only curative treatment is hematopoietic stem cell
transplantation (HSCT). Indications for HSCT and transplant modal-
ities are based on single case reports, small cohorts of patients,11-27 and
national group guidelines.28 Information derived by these heteroge-
neous sources report survival after HSCT at ;80% and suggest that
the presence of MDS/acute myeloid leukemia at HSCT and the use
of matched unrelated donors (MUDs) have a negative impact on the
outcome.12-17 The databases of the Severe AplasticAnemia, the Inborn
Error and the Pediatric Disease Working Parties of the European
Society for Blood and Marrow Transplantation (EBMT) and of Stem
Cell Transplant for Immunodeficiencies in Europe (SCETIDE) contain
data on a large number of SCN patients who underwent HSCT, thus
providing a unique opportunity to obtain evidence supporting treatment
decision making. The aim of the present cooperative study was to
evaluate the outcome of HSCT in SCN patients reported to the previ-
ously mentioned databases and to identify risk factors for outcome.

Patients and methods

Data sources

This is a multicenter retrospective study conducted in collaboration with the
Severe Aplastic Anemia, the Inborn Error and the Pediatric Disease Working

Parties of the EBMT and the SCETIDE. These groups collect data from patients
with diseases eligible for HSCT by using standard data collection forms. In the
case of SCN, specific items that were not included in the EBMT and SCETIDE
data collection forms were requested through a specifically designed question-
naire sent to all participating centers. This questionnaire required data on
molecular characteristics of the disease, pre-HSCT treatment, pretransplant in-
fections, hospitalizations, and clinical status at time of transplant. All data were
carefully monitored, and institutions were contacted in case of inconsistencies.
Informedwritten consentwas obtained according to theHelsinkiDeclaration.All
data, including those collected through SCETIDE, were incorporated into the
EBMT data set.

Inclusion criteria

All patients affected with SCN who underwent any type of first HSCT and who
were reported to the EBMT and SCETIDE Registries between 1990 and 2012
entered this study. Poor G-CSF response, poor control of infections, and clonal
transformation were indications for HSCT in 72% of the patients. In the
remaining 28%, the decision to performHSCTwas either based on individual
center policy or not reported.

Definitions

Overall survival (OS) was calculated from the date of HSCT to the date of last
follow-up or to the date of death from any cause. Event-free survival (EFS) was
calculated from the date of HSCT to the date of graft failure, secondary graft loss,
second transplant, or death, whichwere considered as events. HLAmatchingwas
defined by transplant centers as matched or mismatched. Definition of matching
was timedependentbecause thenumberof testedHLAantigenschangedover time.
In general, a mismatched donor was considered as having 1 or more mismatched
HLA antigens. It was assumed that for transplants performed from the early 2000s
onward allelematchingwas adopted. Engraftmentwas defined as the achievement
of an ANC of$0.53 109/L for at least 3 consecutive days. Primary graft failure
was defined as a neutrophil count never reaching$0.53 109/L. Secondary graft
failure was defined as a neutrophil of$0.53109/L for at least 2 consecutive days
and subsequently decreasing to a lower level. AcuteGVHD(aGVHD) and chronic
GVHD (cGVHD) were defined according to published criteria.29,30 The type of
conditioning regimenswere defined as reduced-intensity conditioning (RIC) and
myeloablative according to the Center for International Blood and Marrow
Transplant Research definition.31 MDS and AL were defined according to the
classical definition. Second malignancies were reported as late events.

Statistical methods

OS and EFS probabilities were estimated by the Kaplan-Meier method, and the
log-rank testwasused to assess differences inunivariate analysis.Thecumulative
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incidence of engraftment, aGVHD, and cGVHD were estimated by the proper
nonparametric estimator taking competing risks into account, and differences
were assessed by the Gray test. Multivariate analyses were performed by
Cox regression for OS, EFS, aGVHD, and cGVHD, considering age at trans-
plantation, calendar year, donor type, source of cells, type of conditioning
regimen, GVHD prophylaxis, in vivo T-cell depletion, type of infection at
transplant, and presence of MDS/AL. Factors that were significant at a 20%
level in univariate analysis were candidates to be included in the models. The
functional form of the effect of age and calendar year considered as continuous
variableswas checked by the analysis ofmartingale residuals. The variable donor
was included as categorical with 3 levels. However, in view of the nonrelevant
difference between matched-related donor and MUD in the models for OS and
EFS in univariate analysis, these 2 categories were combined together in the
matched category. All tests reported were 2-sided, and the confidence intervals
(CIs) were computed at 95% confidence level.

Results

Characteristics of the cohort

From 1990 to 2012, 136 patients with SCN underwent HSCT from an
HLA-matched related donor (N 5 61), HLA-MUD (N 5 61), and
mismatched donor (N 5 14, 4 unrelated and 10 related). Seventy
percent of patients originated from Western Europe and 30% from
Eastern Europe/Middle East area (Russia, Iran, Israel, Saudi Arabia,
and Turkey). There were similar numbers of males and females in each
group. Fifteen percent of patients were aged.15 years, and 6% were
older than 20 years at transplant.Median age at diagnosis was 0.4 years
(range, 0-35.5), and the median age at HSCT was 4.7 years (range,
0.23-43.1).Median follow-upwas4.6years (range,2months to18years).
Twenty-two (16%) patients were transplanted before or during the year
2000 and the remaining 114 (84%) after the year 2000. Stem cell source
wasbonemarrow (BM) in58%ofpatients, cordblood (CB) in18%, and
peripheral blood (PB) in 24%of cases. Further patient characteristics are
reported in Table 1.

Disease status before HSCT

Unfortunately, information regarding the status of SCN disease before
HSCT was incomplete with an average of ;30% missing data. As
shown in Table 1, percentages were calculated on the available data.
Based on this, 71% of the patients carried a known mutation (mainly
ELANE and HAX1), 79% of patients were on a G-CSF dose higher
than the usual 5 mcg/kg per day, and 89% had some infections prior to

Table 1. Selected clinical characteristics pre- and peri-HSCT in
patients undergoing transplantation for SCN

Variable

N (%) cases with
available

information N %*

HSCT donor 136 (100) HLA-matched related

donor

61 45

HLA-MUD 61 45

Mismatched donor 14 10

Stem cell source 136 (100) BM 79 58

CB 24 18

BP 33 24

Conditioning regimen† 134 (98) Myeloablative 117 87

RIC 17 13

GVHD prophylaxis 114 (84) CSA only/no CSA 66 58

CSA 1 methotrexate 48 42

In vivo T-cell

depletion (ATG)

136 (100) Yes 81 60

No 55 40

Mutation 65 (48) ELANE 39 60

HAX1 5 8

G6PC3 2 3

No mutation 19 29

G-CSF given before

HSCT

98 (72) Yes 98 100

No 0 0

G-CSF before HSC

.5 mcg/kg

70 (51) Yes 55 79

No 15 21

Infections prior to HSCT 86 (62) None 10 11

Skin/subcutaneous/

mouth

23 27

Lung and ear 30 35

Sepsis/meningitis/liver/

gastrointestinal/bone

abscesses

23 27

Hospitalization for

infections prior

to HSCT

79 (58) Yes 66 84

No 13 16

AL/MDS at HCST 87 (64) Yes 14 16

No 73 84

Median ANC 1 y before

HSCT

72 (53) ,0.5 3 109/L 53 74

0.5-1.0 3 109/L 11 15

$1.0 3 109/L 8 11

ATG, antithymocyte globulin; CSA, cyclosporine A; TBI, total body irradiation.

*Percentages are calculated based on available data.

†Conditioning regimen: RIC mainly consisted of fludarabine, cyclophosphamide,

and ATG with low-dose TBI.

Table 2. Univariate analysis for aGVHD and cGVHD

aGVHD (90 d) P cGVHD (12 mo) P

Age

,10 15 (8-23) .249 11 (3-19) .001

$10 13 (1-25) 42 (23-61)

Calendar period

1990-2000 13 (0-30) 30 (2-58)

2001-2007 22 (10-33) .952 23 (10-36) .393

2008-2012 21 (11-32) 15 (4-26)

Donor type

HLA-matched related 9 (1.5-16) .026* 24 (11-37) .68

HLA-matched unrelated 31 (18-43) 20 (8-33)

HLA mismatch 31 (6-56) 0†

Source of cells

BM 17 (8-26) 19 (8-30)

CB 27 (9-46) .247 0 (0-0) .006

PB 24 (7-40) 35 (16-55)

Conditioning regimen

RIC 33 (10-57) .892 23 (0-46) .290

Myeloablative 19 (12-27) 19 (10-28)

GVHD prophylaxis

CSA 1 MTX 11 (2-20) .006 23 (9-37) .540

No/only CSA 31 (19-42) 18 (7-29)

In vivo T-cell depletion (ATG)

No 15 (5-25) .477 24 (10-38) .239

Yes 25 (15-35) 17 (7-28)

MDS/AL

No MDS/

leukemia

18 (9-27) .486 12 (4-21) .786

MDS/leukemia 36 (8-65) 22 (0-49)

MTX, methotrexate.

*In pairwise comparison test of HLA-matched related vs unrelated, P 5 .006.

Other pairwise comparisons for this variable were not significant (P . .4).

†In the group of mismatched patients, there were only 7 evaluable subjects, and

cGVHD occurred only in 1 patient at 18 mo.
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HSCT while on G-CSF treatment. Infections were grouped as severe
(37%) including sepsis, deep infections of gastrointestinal tract and
liver, osteomyelitis, and meningitis; skin/subcutaneous and mouth
infections (27%); and respiratory tract infections, otitis, and otomas-
toiditis (35%). Eighty-four percent of patients had had at least 1 hos-
pitalization for infection. These infections were not active at the time
of transplant. Sixteen percent of patients had transformed to MDS/AL
before HSCT. No further details on the subtype of MDS or on AL
remission status were available. Information on transformation was
available in 64% of patients.

Graft failure

Probability of graft failure after 90 days fromHSCTwas 10%.Graft
failure wasmostly primary (65%) andmore rarely secondary (35%)
and was not associated with a specific type of infection before
HSCT, nor with any specific mutation or presence/absence of
MDS/AL. Probability of engraftment was 92% in HLA-matched
(related and unrelated) and 72% in mismatched donor (P 5 .094)
HSCT. Differences observed according to stem cell source (BM,
89%; CB, 68%; PB, 84%; P5 .274) and to the type of conditioning
regimen (RIC, 94% vs myeloablative regimen, 82%; P5 .29) were
not significant. Among the 12 patients with graft failure, 6 underwent

a second HSCT that was successful in 5. The 6 patients who did not
receive a second transplant died.

GVHD

The 90-day cumulative incidence of aGVHD grade 2 to 4 was 21%.
In univariate analysis, only 2 factors affected aGVHD. These were
(1) the use of an HLA-matched related donor, associated with a
significantly lower rate (9%) of GVHD compared with an HLA-MUD
(31%, P 5 .006); and (2) prophylaxis with CSA plus methotrexate,
associated with a significantly lower incidence of GVHD compared
with CSA alone (11% vs 31%; P 5 .006) (Table 2). These 2 factors
were also significant in multivariate analysis.

Cumulative incidence of cGVHD was 20%, 26%, and 28% at
12, 36, and 120 months after HSCT, respectively. The incidence of

Figure 1. OS curves. (A) OS. (B) OS by age. (C) OS by calendar period. (D) OS by donor type. The curves in panels C and D are shown for the maximal follow-up and were

not statistically analyzed past the point of ,5 patients. Mismatched includes both related and unrelated donors.

Table 3. Causes of death (N 5 25 observed deaths)

N (total) %

Relapse/progression 2 (25) 8

aGVHD or cGVHD 8 (25) 32

Infections 5 (25) 20

Organ damage 4 (25) 16

Other causes 6 (25) 24
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cGVHD at 12 months was higher in patients older than 10 years
(42%) compared with those younger than 10 years (11%; P5 .001)
and in patients who received PB rather than CB or BM cells (Gray
test;P5 .006). The use of ATGwas not significantly associatedwith
the incidence of cGVHD (P 5 .239; Table 2). In multivariate
analysis, age .10 years was confirmed to negatively affect the
incidence of cGVHD, whereas the use of PB showed a trend toward
a negative association without reaching significance.

OS

The 3-year probability of OS following HSCT was 82% (Figure 1A).
Twenty-three patients diedof transplant-related causes, thus accounting
for a transplant-relatedmortality (TRM) rateof 17%,and2diedbecause
of disease progression or infection. Specific causes of death were
aGVHD and cGVHD (n 5 8, 32%), infections (n 5 5, 20%), organ
damage (n5 4, 16%) and other combined causes related to transplant
(n 5 6, 24%; Table 3). For patients who died, the median time from
transplantation to death was 3 months. Eighty percent of deaths oc-
curred within 12 months after transplantation. No significant reduction
in the overall mortality was observed in recent years (data not shown).

In univariate analysis (Table 4), 3-year OS was significantly higher
in transplants performed before the age of 10 years vs those performed
after this age (87%vs 68%;P5 .016; Figure 1B), inHSCTs carried out
in more recent years over those performed in the past decades (66%
in 1990-2000, 79% in 2001-2007, 91% in 2008-2012; P 5 .028;
Figure 1C), and in HSCTs performed from HLA-matched donors,
related or unrelated) vsHLAmismatched donors (85%vs85%vs 55%;
P5 .005; Figure 1D). GVHDprophylaxis withCSA andmethotrexate
was associated with significantly better OS than with CSA alone (91%
vs 79%; P5 .038). Regarding stem cell source, the OS appeared to be

higher with CB and BM (92% and 82%, respectively) compared with
PB (75%), without reaching significance (P 5 .128). The remaining
tested factors (presence of MDS/AL at transplant, type of infectious
episodes at transplant, type of conditioning regimen, and use of ATG)
were not significantly associatedwithOS inunivariate analysis (Table 4).
In multivariate analysis, only age at transplant ,10 years, transplant in
more recent years, and the use of an HLA-matched donor were positive
prognostic factors (Table 5).

EFS

The EFS probability at 3 years after transplantation was 71%. Sixty-
seven percent of events occurred within 1 year after transplantation. In
univariate analysis (Table 4), EFS was significantly better in patients
transplanted from HLA-matched related (74%) or unrelated (71%)
compared with HLA-mismatched donors (40%; P 5 .02). There was
a trend in favor of improved EFS over time (53% in patients
transplanted between 1990 and 2000, 70% in those transplanted
between 2001 and 2007, and 79% between 2008 and 2012), but this
did not reach statistical significance (P5 .06). Similar to OS, EFS
looked higher in patients transplanted with BM vs CB vs PB (76%,
70%, and 59%, respectively), although this difference was not
significant (P5 .130). All other tested factors (presence ofMDS/AL at
transplant, type of infections, type of conditioning regimen, and use of
ATG) were not significantly associated with EFS. In multivariate
analysis, transplant in more recent years and use of an HLA-matched
donor were favorably associated with EFS (Table 5).

Late malignancies

No secondary malignancies occurring after HSCT have been reported
in the study population after a median follow-up of 4.6 years (range,
2 months to 18 years).

Table 4. Univariate analysis for OS and EFS

3-y OS (95% CI) P 3-y EFS (95% CI) P

Age

,10 87 (80-94) .016 74 (65-83) .221

$10 68 (53-84) 63 (48-79)

Calendar period

1990-2000 66 (46-87) 53 (31-74)

2001-2007 79 (68-90) .028 70 (57-82) .060

2008-2012 91 (84-94) 79 (68-89)

Donor type

HLA-matched related 85 (75-95) .005* 77 (66-88) .02†

HLA-matched unrelated 85 (76-94) 71 (60-83)

HLA mismatched 55 (28-82) 40 (13-67)

Source of cells

BM 82 (73-91) 76 (66-86)

CB 92 (81-100) .128 70 (52-89) .130

PB 75 (59-90) 59 (42-76)

Conditioning regimen

RIC 76 (55-97) .304 64 (41-87) .373

Myeloablative 82 (75-90) 71 (63-80)

GVHD prophylaxis

CSA 1 MTX 91 (82-99) .038 81 (70-92) .075

No/only CSA 79 (68-89) 66 (54-78)

In vivo T-cell depletion (ATG)

No 82 (71-93) .956 73 (61-85) .714

Yes 82 (73-90) 69 (59-79)

MDS/AL

No MDS/leukemia 87 (79-95) .728 77 (67-87) .405

MDS/leukemia 79 (57-100) 64 (39-89)

*HLA-matched related vs HLA-matched unrelated P 5 .98.

†HLA-matched related vs HLA-matched unrelated P 5 .51.

Table 5. Multivariate analysis for OS, EFS, and aGVHD and cGVHD

OS EFS

HR (95% CI) P HR (95% CI) P

Age

,10 y 1.00 1.00 .285

.10 y 2.66 (1.19-5.93) .017 1.44 (0.74-2.79)

Calendar year

Continuous, effect for 11 y 0.91 (0.84-0.98) .008 0.93 (0.88-0.99) .017

HLA

Matched 1.00* 1.00

Mismatched 3.70 (1.51-9.10) .004 2.54 (1.15-5.62) .021

aGVHD cGVHD

HR (95% CI) P HR (95% CI) P

Age

,10 y 1.00 1.00

.10 y 1.39 (0.66-2.92) .390 2.83 (1.16-6.92) .022

HLA

Matched related 1.00 —

Matched unrelated 3.13 (1.43-6.86) .004 —

Mismatched 1.42 (0.38-5.33) .607 —

Source of cells

BM or CB — 1.00

PB — 2.18 (0.90-5.28) .084

GVHD prophylaxis

No/only CSA 1.00 —

CSA 1 MTX 0.33 (0.15-0.74) .007 —

HR, hazard ratio.

*Given the nonrelevant difference between matched-related donor and MUD in

univariate analysis, these 2 categories were lumped together in the matched category

in the multivariate analysis.
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Discussion

SCN is a rare disorder mostly observed by pediatric hematologists that,
given the improvement in long-term survival, may occasionally be
managed also by general adult hematologists, as indicated by the
relatively high proportion (15%) of patients in our cohort who were
older than 15 years. The existing literature on HSCT in SCN is based
only on short series or case reports. The present study describes the
outcome of HSCT for SCN in the largest ever reported cohort of 136
patients. Consistent with literature recommendations,28,32,33 the main
reasons for HSCTwere the need for high doses of G-CSF (.5mcg/kg
per day), a high rate and poorly manageable infections or trans-
formation to MDS/AL. In our study 16% of patients received HSCT
because ofMDS/AL. The high number ofmissing datamay render this
figure difficult to interpret, but this rate appears to be in line with the
cumulative incidence reported in the literature.9,10,32

Our study shows that 3-year OS and EFS are 82% and 71%,
respectively, and that TRM, mainly because of GVHD and infections,
is 17%. These data suggest that HSCT is a good option for SCN patients
who are no longer eligible to G-CSF treatment because of high-dose
requirement, high infection rate, and signs of transformation toMDS/AL.

BetterOSandEFSwere observed in patientswhowere transplanted
in themost recent years and in subjects younger than 10 years. The first
finding, also reported in other diseases, may be because of high re-
solution HLA-matching, the use of less toxic conditioning regimens,
and improved supportive care.34-37Thepositive effect of younger age at
time of HSCTmay be explained by a lower exposure to infections. Not
surprisingly, OS and EFS were better when an HLA-matched donor,
either sibling or unrelated, was used over a mismatched donor.

As for the source of stem cells, BM was most frequently used and
was associated with a very good OS of 82% and EFS of 76%. The 2
other stem cell sources,CBandPB, provided a lowerEFS, although the
difference was not significant. Of note, the use of PB was associated
with a significantly higher rate of cGVHD in univariate analysis.
However, in multivariate analysis, this association was not significant.
Because in our cohort GVHD was the most frequent cause of death, it
would be reasonable, as with other marrow failure disorders,35-38 to
consider BM as the preferred source of transplantable cells in SCN.

The presence of MDS/AL at transplant was not associated with
a significantly reduced OS. This is in contrast to other reports where
survival was significantly worsened by this factor13,39 and needs to be
carefully evaluated. Indeed, because ofmissing data regarding this item
in general and particularly onMDS subtype and on remission status of
AL, we cannot draw definitive conclusions on the impact of MDS/AL
on the outcome of HSCT.

Successful engraftment occurred in 90% of patients. Myeloabla-
tive conditioning regimens did not confer a higher engraftment rate
compared with RIC. However, this finding should be interpreted with
caution because of the lack of data on chimerism. Indeed, in a precancer
disease like SCN, full donor chimerism is very important to achieve in
order to prevent the reemergence of predisposed clones in the recipient
marrow. Our study is not conclusive regarding the recommended
conditioning regimen to use in HSCT for SCN, for which comparative
data on chimerism after RIC vs myeloablative regimen are required.
Engraftment seemed to be higher in HLA-matched (related and un-
related) over mismatched donor HSCT, although this difference did
not achieve significance (P5 .094). This lack of significance may be
because of the limited number of mismatched donor HSCTs, and
therefore, ourfindings cannot provide conclusive answers regarding the
effect of the HLA matching on engraftment.

The incidence of aGVHD grade 2-4 was higher than in other nonma-
lignant diseases.33-36ThecombinationofCSAandmethotrexate favorably
affected not only aGVHD but also OS and EFS over methotrexate alone.
The latter finding is in keeping with the fact that GVHD was the most
frequent cause of death and points to this combination as the
recommended regimen for GVHDprophylaxis in SCN transplants. The
only factor strongly associatedwith an increased the risk of cGVHDwas
age at transplant under 10 years. The use of PB as source of stem
cell negatively affected cGVHD occurrence in univariate analysis and
showed a negative trend (not significant) in multivariate analysis. This
findingmay support the decision not to use PB as the stem cell source in
SCN transplants.

Our work has strengths and limitations. The strengths include the
large number of patients registered in European and non-European
countries, the streamlined study design, and the detailed statistical
analysis, enabling us to produce evidence to support the treatment
decision-makingprocesses.This isofmajor relevance ina raredisease like
SCN, which entails the innate difficulty of performing large controlled
studies and that may occasionally be seen by general hematologists.

Limitations aremainly related to the retrospective nature of the study,
the heterogeneity of conditioning regimens, changes in HSCT
procedures during the study period, and incompleteness of the data set
regarding pre-HSCT variables. These aspects are, however, inherent in
all registry studiesbut donot undermine themainmessagesofourwork.

In summary, our study shows thatHSCTperformed fromamatched
donor has a good outcome in SCNpatientswho pre-HSCT require high
doses of G-CSF and have a high infection rate, although the TRM rate
of 17% indicates a very careful selection of HSCT candidates. The
preferred source of stem cells should be BM, and the optimal GVHD
prophylaxis regimen the combination of CSA and methotrexate.
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