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We analyzed 30 peripheral blood stem cell transplantations (PBSCT) from 25 human leukocyte antigen (HLA) matched
sibling donors (MSD) and 4 HLA-matched unrelated donors (MUD) in 29 patients, done between November 1996 and
March 2003. Patients aged 3 to 17 years underwent allogeneic PBSCT for malignant (16 patients) and non-malignant (13
patients) diseases. Sibling donors aged 3 to 23 years were given granulocyte colony-stimulating factor (G-CSF) 5-10 ug/kg/
day for 4 to 5 days. All but one of the 29 donors underwent one single leukapheresis for stem cell collection. The patients
received a median of 4.2x10% CD34+ cells/kg of body weight, they all engrafted after a median of 13.5 days (range 10-25
days). Acute graft-versus-host disease (GVHD) grade II to IV developed in 11 of 26 MSD transplants and in all 4 patients
after MUD PBSCT. Eleven of 27 evaluable patients experienced chronic GVHD. After a median follow-up of 662 days, 20
out of 29 patients (69%) are alive, three of them need systemic immunosuppression for chronic GVHD. Six patients
experienced relapse of their underlying malignant disease, one of them still alive in complete remission. Two patients died
of grade IV acute GVHD and two others due to an opportunistic infection. Based upon our experience, PBSCT is a feasible
and safe method for both pediatric donors and patients. It is associated with rapid engraftment, no greater incidence of
acute but a higher incidence of chronic GVHD as compared to bone marrow transplantation (BMT) and therefore suitable
mainly for children suffering from malignant diseases.
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Cytokine mobilized peripheral blood stem cells (PBSC)
collected in healthy donors have recently become increas-
ingly popular for use in related as well as unrelated allo-
geneic hematopoietic cell transplantation. There has been
a steady increase in PBSCT; in 1998, 38% of all allografts
reported to the European Group for Blood and Marrow
Transplantation (EBMT) used donors’ peripheral blood
as the source of stem cells, whereas in the year 2000, it
was already 53% of all allogeneic transplantations [18, 19].

Reports of the first studies of allogeneic PBSCT have
clearly demonstrated that this was a feasible and effective
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approach, resulting in rapid and sustained trilineage en-
graftment, without an increased incidence of acute GVHD
[7,23,28 41]. Majority of the further comparative studies of
allogeneic PBSCT with BMT confirmed faster engraftment,
with no greater incidence of acute GVHD [5, 8, 10, 39, 44].
One randomized study and a meta-analysis showed that
PBSCT was associated with an increased risk of acute
GVHD [12, 40]. Some reports found a significant increase
in the risk of chronic GVHD, when compared with BMT
and the probability of having chronic GVHD one year after
PBSCT was about 65% [8, 10, 12, 40, 42], though other have
failed to show significantly increased incidence of chronic
GVHD [5, 6,8, 11,32]. Transplant-related mortality (TRM)
does not show striking differences, overall survival seems to
be higher and relapse rate lower in patients receiving PBSC,
mainly in those transplanted with advanced myeloid malig-
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nancy [6, 10, 33, 39]. However, there is still limited number
of studies evaluating PBSCT in children mostly reporting
results on small cohorts of patients [4, 13, 24, 25,27, 29, 42].
Majority of these studies found allogeneic PBCST safe for
both the pediatric donors and recipients and indicated that
PBCST might be considered as an alternative to bone mar-
row allografts. Those studies also showed a trend toward
higher incidence of chronic GVHD [4, 43], however to clar-
ify the antileukemic potential and the overall benefits of
PBSCT further studies with long-term follow up are re-
quired. Therefore, we decided to carry out an analysis of
the results of PBSCT undertaken in children at the pediatric
BMT Unit of Comenius University Medical School, speci-
fically looking at the numbers of CD34+ cells infused, ki-
netics of engraftment, incidence of acute and chronic
GVHD, TRM and overall survival.

Patients and methods

Patients and transplantation. Between November 1996
and March 2003, twenty-nine patients (16 males and 13 fe-
males) from 3 to 17 years of age (median 11 years) received
an allogeneic PBSCT for the treatment of malignant dis-
eases as well as for non-malignant hematological disorders.
Twenty-fours patients received stem cells from fully HLA-
matched sibling donor, one from a syngeneic donor and four
from HLA-matched unrelated volunteer. Written informed
consent was obtained from the parents of the patients and
their sibling donors, indicating their voluntary participation
in this treatment procedure. The main characteristics of the
patients, conditioning regimens and GVHD prophylaxis
are summarized in Table 1. Unmanipulated PBSC with
a median of 4.2x10° CD34+ cells/kg of recipients body
weight (range 1.6-12.4x10° CD34+ cells/kg) and a median
of 3.4x10% CD3+ cells/kg of recipients body weight (range
1.5-11.5x10® CD3+ cells/kg) were infused after completion
of conditioning regimen. Post-transplant G-CSF (5 ug/kg/
day) was given in 27 (90%) cases, starting day + 5 with
a median duration of 8 days (range 3-17 days). Three pa-
tients received no cytokine support post transplant.

Donors, HLA-typing, PBSC collection. Twenty-five
PBSC donors were HLA completely matched healthy sib-
lings with a median age of 10.5 years (range 3-23 years).
Four unrelated donors were HLA-A, -B, -C, -DRBI1 and
DQB1 compatible with the patients. Serological or DNA-
based low-resolution typing was used for assessment of class
I antigens, whereas DRB1 and DQB1 antigens were as-
sessed by high-resolution molecular genetic typing. Sixteen
donors were male and 13 female, with a donor-recipient sex
mismatch in 11 cases. Donors’ characteristics are summar-
ized in Table 2. For PBSC mobilization all familial donors
were given G-CSF 5-10 ug/kg/day subcutaneously once dai-
ly in the afternoon. After 4-5 doses, all but one donor sub-

Table 1. Patient and transplant characteristics

Value
29/30
3-17 (median 11)
16/13

Characteristic

No. Patients/Transplants
Patient age (years)
Patient sex (male/female)

Diagnosis and disease status at PBSCT
Malignant diseases:
ALL:
CR1
CR3
CR4 (second transplant)
AML:
CR1
CR2
CML - CP1
NHL - CR2
Ewing’s tumor
Non-malignant diseases:
VSAA
SAA
PRC aplasia
Wiskott-Aldrich syndrom
MDS

—
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Conditioning regimen (total doses given)
Busulfan 16 mg/kg
Cyclophosphamide 120 mg/kg
+ VP 16 40-60 mg/kg 15
Cyclophosphamide 200 mg/kg
Antithymocytic globulin 11
Other 4

GVHD prophylaxis
CS-A, MTX, + ATG 21
CS-A 8
None 1

ALL - acute lymphoblastic leukemia, CR — complete remission, AML —acu-
te myeloblastic leukemia, CML — chronic myeloid leukemia, CP — chronic
phase, NHL — non-Hodgkin lymphoma, VSAA - very severe aplastic ane-
mia, SAA —severe aplastic anemia, PRC - pure red cell aplasia, MSD — mye-
lodysplastic syndrome.

Table 2. Donor characteristics

Sibling donors: A=25
Age: median (range) 10.5 years (3-23)
Sex (male/female) 15/10
Sex mismatch A=11
G-CSF:
Dose 5-10 pg/kg/day

Administration 4-5 days

Leukapheresis:
Single apheresis
Two aphereses

A =28 (96%)
A=1(4%)

Venous access:

Central venous catheter A =17 (68%)

Cubital veins A =8(32%)
Unrelated donors (male/female) A=4(2R2)
Sex mismatch None
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sequently underwent one single leukapheresis with a suffi-
cient number of CD34+ cells obtained, using a continuous
flow Cobe Spectra blood separator (Cobe Laboratories,
Lakewood, CO, USA) according to the manufacturer’s
manual. In one donor, the stem cell harvest had to be re-
peated twice. Donor§ vascular access was obtained through
a central venous catheter in 17 (68%) and through veni-
puncture of cubital veins in both arms in eight of the 25
sibling donors, as well as all four unrelated donors. In one
case, stem cells were collected in advance, cryopreserved,
and later thawed prior to infusion. G-CSF administration,
central venous catheter insertion and leukapheresis were
well-tolerated and no severe adverse effects, except for mild
bone pain in one donor, were reported.

Definition of endpoints and statistical analysis. The study
was focused on hematopoietic recovery, acute and chronic
GVHD incidence, TRM and overall survival analysis. Neu-
trophil engraftment was defined as the first day of an abso-
lute neutrophil count (ANC) >0.5x10%/1, maintained for 3
consecutive days. Platelet engraftment was defined as the
first day of platelet count >20.0x10%/1, maintained for 3 con-
secutive days without transfusion support. Further, donor
chimerism, as evidence of bone marrow graft acceptance,
was established in sex-mismatched donors by dual-color
fluorescence in situ hybridization (FISH) for sex chromo-
somes heterochromatic regions. In patients with sex-
matched donors the samples for chimerism study under-
went polymerase chain reaction (PCR) to analyze the vari-
able number of tandem repeats (VNTR) [3]. Acute GVHD
was evaluated in patients with evidence of engraftment and
was diagnosed clinically and graded according to the
GLUCKSBERG criteria [17, 35]. Chronic GVHD was as-
sessed in all patients surviving to day 100 and defined as
limited chronic GVHD with localized skin and/or mouth
and/or liver involvement or extensive chronic GVHD, that
did not meet the definition of limited chronic GVHD |2, 38].
TRM was defined as any cause of death other then relapse
or progressive disease irrespective of the time after trans-
plantation. Statistical analysis was done using Statistical
Package for Social Scientists computer program (SPSS, Chi-
cago, IL, USA). Engraftment kinetics was analyzed using
linear regression analysis and Student’s t-test. The Kaplan-
Meier method was used to estimate overall survival and
probability of chronic GVHD [22].

Results

Engraftment and hematopoietic recovery. All patients en-
grafted neutrophils as defined above. The range in days to
an absolute neutrophil count of 0.5x10%/1 was 10-25 days
with a median of 13 days for the whole group of patients.
The median time to neutrophil engraftment was 11 and 17
days in the related and unrelated setting, respectively. No

statistically significant differences were found in the median
time to neutrophil recovery in patients transplanted for ma-
lignant (11 days) or non-malignant diseases (16 days), as
well as in patients receiving MTX as GVHD prophylaxis
(14 days) or not receiving MTX (11 days). We found no
correlation in the number of CD34+ cells infused and speed
of engraftment. Both methods for chimerism analyses re-
vealed complete donor chimerism in all but one of the pa-
tients after engraftment, who was non-informative. Twenty-
eight patients were evaluable for platelet engraftment and
the range in days to a non-transfused platelet count of
20x10%/1 was 9-44 days with a median of 14 days. Two pa-
tients died after having developed grade IV acute GVHD
without ever being transfusion independent.

Graft-versus-host disease. All patients were evaluable for
acute GVHD. Fifteen out of 30 transplanted children devel-
oped acute GVHD grade II to IV. It was 42% (11/26) and
100% (4/4) in the related and unrelated setting, respectively.
Acute GVHD was the cause of death in two patients (6% ),
the only two who developed grade IV GVHD with gut in-
volvement. Eleven (40% ) out of 27 patients followed for at
least 100 days have developed chronic GVHD. Onset of
chronic GVHD occurred between days 100 and 359. Two
patients died before day 100 and one patient has been fol-
lowed only for 70 days yet. Nine of the 11 patients with
chronic GVHD had extensive form with lung (4), skin and
eyes (1), joints + skin (2), liver + gut (2) involvement. Three
patients developed late onset de novo chronic GVHD. Treat-
ment of these 11 patients varied but generally included CS-A,
steroids, ursodeoxycholic acid and mycophenolate-mofetil,
one patient received psoralen and ultraviolet A-radiation
(PUVA) for chronic skin GVHD. After the therapy chronic
GVHD resolved in 5 patients (45% ), whereas it was still
present at the time of last follow up or at time of death in 4
and 2 children, respectively. One patient needed repeated
courses of immunosuppressive treatment. The overall cumu-
lative probability of developing chronic GVHD by two years
was 58% and is shown in Figure 1.

TRM, relapse and survival. There were four (13% ) treat-
ment related deaths in our cohort. Two patients, both trans-
planted for aplastic anemia died of grade IV acute GVHD
and related complications on days 55 and 68. One patient
died of a gram-negative sepsis and multiorgan failure and
one died of disseminated aspergillosis after graft failure due
to CMYV infection on days 159 and 136, respectively. After
amedian follow-up of 662 days (from 70 to 2092 days) 20 out
of 29 patients (69%) are alive. The Kaplan-Meier overall
survival estimate of the whole cohortis 43% at 6 years and is
shown in Figure 2. Six (37% ) out of 16 children transplanted
for malignant disease relapsed and 5 subsequently died, one
of them being transplanted twice for ALL. One boy who
experienced extramedullar relapse of T-cell non-Hodgkin
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Figure 2. Probability of overall survival of the whole cohort.

lymphoma is still alive after a short course of conventional
chemotherapy, with complete donor chimerism and a quies-
cent chronic GVHD. The Kaplan-Meier overall survival
estimate of patients with malignant diseases is shown in
Figure 3. Eleven out of 13 patients transplanted for non-
malignant disorders are alive, one remaining on immuno-
suppressive therapy for extensive chronic GVHD. The Ka-
plan-Meier overall survival estimate of these patients is
shown in Figure 4.

Discussion

Several retrospective and prospective randomized stu-
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Figure 3. Probability of overall survival of malignant diseases.
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dies comparing allogeneic peripheral blood and bone mar-
row transplantation have indicated that PBSCT results in
faster engraftment and similar incidence of acute GVHD [7,
8,28,41,44], but an increased risk of chronic GVHD [10, 12,
40, 42]. Though some studies have failed to confirm the
above statements of acute and chronic GVHD [6, 9, 11,
32]. Recently published study of RINGDEN et al [37] gives
further evidence of rapid engraftment, no difference in
acute GVHD and higher incidence of chronic GVHD.

In our study, all but one of 29 pediatric patients who
underwent allogeneic PBSCT patient engrafted both neu-
trophils and platelets. The observed hematopoietic recov-
ery was rapid with median times to neutrophil and platelet
engraftment of 13 days and 14 days, respectively. These
results are in accordance with the published data of pedia-
tric patients [13, 25, 27, 29, 45]. There was no statistically
significant difference between the median time to engraft-
ment in patients transplanted for malignant and non-malig-
nant diseases, in patients transplanted from related or
unrelated donors, as well as in patients receiving or not
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receiving MTX for GVHD prophylaxis, though there was
a trend toward a more rapid engraftment in patients with
malignant diseases who did not receive MTX [37]. We
found no relationship between the number of CD34+ cells
infused and speed of engraftment. Although MIFLIN et al
found a more rapid engraftment when more than 4x10%kg
of CD34+ cells were infused, the engraftment in our cohort
was fast enough even with lower number of CD34+ cells
infused [20, 28].

Grade II to IV acute GVHD was observed in 50% of
patients, whereas grade III or higher only in 3 children
(10%). Two of them with grade IV acute GVHD, who re-
ceived CS-A without MTX as GHVD prophylaxis died due
to this complication. Otherwise, the lack of MTX in GVHD
prophylaxis did not significantly increase the risk of acute
GVHD in our patients. All patients in our cohort, grafted
from a full matched unrelated donor developed at least
grade II acute GVHD. The incidence of grade III and IV
acute GVHD we observed in the MSD transplants was com-
parable with published data suggesting no difference of
acute GVHD in PBSCT compared to BMT [4, 24, 25, 43].
We found a higher incidence of acute GVHD in the unre-
lated setting, compared with the published data, as all our
patients transplanted from a MUD experienced acute
GVHD |24, 36].

The overall cumulative probability of developing chronic
GVHD by two years was 58% in our series of pediatric
patients. It is clearly higher as compared with the results
of a large retrospective analysis providing data on chronic
GVHD in childhood [46], that shows 27% probability of
chronic GVHD 2 years after transplantation. Some studies
focused on pediatric patients have demonstrated an im-
pressive reduction in relapse probability in children who
developed chronic GVHD, particularly those with ALL
[20, 46]. Recently published data in adult recipients of
PBSCT with hematological malignancies found higher in-
cidence of chronic GVHD, but could not confirm a better
antileukemic effect of PBCS with lower relapse rate, even
though they observed improved survival [11, 14]. Some stu-
dies report even shorter survival, higher relapse incidence,
as well as chronic GVHD that may be more difficult to
control after PBSCT [15, 16, 34].

TRM of 13%, reported in our study seems to be relatively
low, when compared with other reports of allogeneic
PBSCT in children, despite some heavily pre-treated pa-
tients in more then second complete remission of ALL [4,
20, 29].

Our experience with pediatric donors was favorable.
Twenty out of 25 MSD were less than 18 years old with
the youngest donor being 3 years old. Majority of the donors
needed a central venous catheter insertion for stem cell
collection with no complication related to this procedure
and all but one donor underwent just one single leukapher-
esis with sufficient number of stem cells collected. G-CSF

administration was well-tolerated and no adverse effects
except for mild bone pain in one donor, were reported.
The possible long-term side effects of G-CSF administra-
tion need to be evaluated after longer follow-up of the
PBSC donors, though recent data suggest PBSC donation
appears to be reasonably safe with no greater risk of leuke-
mia of the donors [1, 26].

In conclusion, allogeneic PBSCT is safe for pediatric do-
nors and recipients, it results in rapid neutrophil and platelet
recovery as compared to bone marrow, with a similar inci-
dence of grade III and I'V acute GVHD and a slightly higher
incidence of grade II acute GVHD, mainly in the unrelated
setting. The chronic GVHD rate appears to be high but as
the anticancer effect of chronic GVHD is expected, it seems
reasonable to use PBCST in malignant diseases. However,
for nonmalignant disorders it should be used cautiously, as
these patients do not benefit from chronic GVHD, which
might be the major cause of late morbidity and mortality
after allogeneic stem cell transplantation.

We are grateful to the following physicians for referring their
patients to our center: Dr. KAISEROVA (Dept. of Oncology, Brati-
slava), Dr. BUBANSKA, Dr. STANCOKOVA (Center of Pediatric On-
cology, Banska Bystrica), Dr. ORAVKINOVA (Dept. of Oncology,
Kosice).
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