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harvest in normal donors and children with non-malignant diseases
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Summary:

The optimal dose and schedule of G-CSF for mobiliz-
ation of peripheral blood stem cells (PBSC) is not well
defined. G-CSF mobilization was performed in a group
of healthy donors and paediatric patients for autologous
back-up before receiving allogeneic stem cell transplant.
Seventeen consecutive subjects who received G-CSF at
5 mg/kg/dose twice daily (group A) were compared with
a historical control group of 25 subjects who received
a single daily dose of 10mg/kg/day G-CSF (group B).
Double blood volume apheresis for PBSC collection was
started on day 5. G-CSF was continued and apheresis
repeated until the targeted CD341 cell dose was achi-
eved. Both groups were comparable for sex, age, body
weight and reason for PBSC collection. Over two-thirds
of the subjects in both groups were less than 16 years
of age. The G-CSF priming and apheresis were well tol-
erated. When the first day apheresis products were ana-
lyzed, group A resulted in significantly higher yield of
total nucleated cells (5.91vs 3.92 3 108/kg, P 5 0.013),
mononuclear cells (5.73vs 3.92 3 108/kg, P 5 0.017),
CD341 cells (2.80 vs 1.69 3 106/kg, P 5 0.049) and
colony-forming units (107vs54 3 104/kg, P 5 0.010) as
compared with group B. We conclude that the two dose
schedule is more efficient in mobilizing PBSC in normal
donors and children with non-malignant diseases. This
approach may reduce the number of aphereses required
and thus reduce the transplant cost.Bone Marrow Trans-
plantation (2000)25, 931–935.
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Mobilized peripheral blood stem cells (PBSC) can durably
restore normal haematopoietic function when transplanted
after myeloablative therapy.1–3 With more rapid
engraftment, less serious infections and less blood product
support, autologous PBSC transplant has now replaced
autologous bone marrow transplant in most centres.
Recently, PBSC has also been used for allogeneic trans-
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plantation,4,5 avoiding the requirement for general anaes-
thesia for the donors and allowing rapid haematopoietic
reconstitution in the patients. PBSC may also be harvested
and stored as autologous backup in patients who have a
high chance of graft rejection after allogeneic stem cell
transplant, such as thalassaemia major and non-malignant
diseases for unrelated donor transplant. Autologous backup
PBSC can be re-infused into patients to reconstitute haema-
topoietic function if necessary. Mobilization of PBSC from
healthy donors and non-cancer patients who have not been
exposed to radio-chemotherapy is largely achieved by
recombinant human granulocyte colony-stimulating factor
(G-CSF).6,7 However, the optimal dose and schedule of
G-CSF priming for PBSC mobilization in normal donors
and non-cancer patients has not been determined. Most of
the early studies administered G-CSF as single daily dose,
but there were a few studies using divided doses every
12 h.8 We report here our experience of using G-CSF in
two divided doses a day as compared with a single daily
dose in mobilization of stem cells.

Materials and methods

Donors and patients

Seventeen consecutive normal PBSC donors and non-can-
cer patients were recruited into the study from January 1998
to July 1999. PBSC from normal donors were collected
for HLA-identical or one antigen mismatched related donor
transplantation. PBSC from non-cancer patients were col-
lected for autologous backup before proceeding to allo-
geneic stem cell transplantation if they were considered to
have a high chance of graft rejection, such as thalassaemia
major and unrelated donor transplant for metabolic dis-
eases. Informed written consent for administration of G-
CSF and collection of PBSC was obtained from the donors,
patients or the parents before the procedure. These 17 sub-
jects were given 10mg/kg/day recombinant human non-
glycosylated G-CSF (Filgastrim, Amgen, Thousand Oaks,
CA, USA) subcutaneously in two divided doses a day (2
3 5 mg/kg, group A). The result was compared with a his-
torical control group of 23 subjects (group B) who had
PBSC collection during the period January 1996 to
December 1997. In group B, the subjects received subcut-
aneous G-CSF 10mg/kg as single daily doses. Complete
blood counts were monitored daily during G-CSF treat-
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ment, and the dose of G-CSF was reduced by 50% if the
total white cell count rose above 703 109/l.

PBSC collection

The subjects in both groups received G-CSF for 4 days.
The first apheresis was performed in the morning of day 5.
The methodology of PBSC harvest was identical in both
groups. Stem cells were harvested with Fenwal CS3000
(Baxter Healthcare, Deerfield, IL, USA) continuous flow
cell separator. The blood volume processed for each apher-
esis was at least twice the total blood volume. The mini-
mum number of CD341 cell required was 33 106/kg
recipient body weight for allogeneic stem cell transplant
from healthy donors, and 13 106/kg patient body weight
for autologous backup. Administration of G-CSF was con-
tinued and apheresis repeated every morning until the tar-
geted number of CD341 cells had been obtained.

Evaluation of PBSC products

Blood counts and differentials from peripheral blood and
apheresis products were performed with a Coulter auto-
mated cell counter (STKS; Coulter Corp., Miami, FL,
USA). CD341 stem and progenitor cells were measured by
a FACScan flow cytometer (Becton Dickinson (BD), San
Jose, CA, USA). Apheresis products containing 13 106

cells were lysed with the FACS lysing solution (BD)
according to manufacturer’s protocol. These cells were
stained with CD34-fluorescein isothiocyanate (FITC) and
CD38-phycoerythrin (PE) antibodies. A total of 78 000
cells was acquired for enumerating CD341 cells using
Lysis II software (BD). The mononuclear cell (MNC) popu-
lation was identified in another sample stained with CD45-
FITC and CD14-PE. The number of CD341 cells was
expressed as the percentage of the cells in the MNC gate
after subtracting the background events stained with iso-
typic control antibodies. All antibodies were products of
BD. Colony-forming units were enumerated by cell culture.
PBSC (23 105, 1 3 105 and 53 104) were seeded in 35-
mm culture dishes of 1.35% methylcellulose (1500
centipoises) enriched with 30% fetal calf serum, 1% bovine
serum albumin, 100mM b-mercaptoethanol, and a recombi-
nant human cytokine cocktail of 1 IU erythropoietin Eprex,
20 ng stem cell factor and 100 ng recombinant
granulocyte–macrophage colony-stimulating factor (GM-
CSF). Triplicate cultures were incubated in 5% CO2 incu-
bator at 37°C for 2 weeks. Colonies of over 40 cells
were scored.

Statistics

Results were expressed as median and range per kg body
weight of the subjects. Since the required number of apher-
eses depended on the purpose of PBSC and the body weight
of recipients, we only compared the yield of PBSC products
in the first apheresis according to the subjects’ body weight
between the two groups. Comparison between groups was
done with standard statistical tests, proportions were com-
pared using chi-squared tests and non-parametric data were
compared using the Mann–Whitney rank sum test. The

relationship between age and body weight with CD341 cell
count was estimated by Spearman correlation analysis. A
two-tailed P value ,0.05 was considered to be statisti-
cally significant.

Results

Donor and patient characteristics

The characteristics of the healthy donors and non-cancer
patients are shown in Table 1. All the healthy donors were
HLA-identical or one antigen mismatched siblings or par-
ents. The underlying diseases of the non-cancer patients
were thalassaemia major (n 5 21), mucopolysaccharidosis
(n 5 2) and adrenoleukodystrophy (n 5 2). The youngest
patient was a 1-year-old boy who weighed 8 kg at the time
of PBSC collection. Twelve and 15 subjects in groups A
and B were younger that 16 years old, respectively. Group
A and group B were comparable for sex, age, body weight
and the purpose of PBSC harvest.

G-CSF administration

Administration of G-CSF was given according to protocol
in all subjects. No abortion of G-CSF priming was required.
The side-effects of G-CSF priming were mild and limited
to fever, myalgia and bone pain which were readily relieved
by paracetamol.

PBSC collection

A total of 52 aphereses was performed. In group A, two
required two aphereses and two required three. In group B,
six required two aphereses and none required three. The
median blood volume processed per apheresis was 5.5 l

Table 1 Basic characteristics of normal donors and non-cancer
patients according to schedule of G-CSF

Group A Group B P value
2 3 5 mg/kg/day 13 10 mg/kg/day

Number 17 23
Sex

Male 9 8
Female 8 15 0.409

Age (year)
,16 years 12 15
>16 years 5 8 0.986
Range 1–53 5–48
Median 8 13 0.286

Body weight (kg)
Range 8–83 15–74
Median 23.3 34.9 0.325

Purpose
Allotransplanta 9 6
Auto backupb 8 17 0.160

aHealthy donors for allogeneic PBSC transplant were either HLA-identical
or one antigen mismatched related donors.
bNon-cancer patients for autologous PBSC backup before receiving
allogeneic stem cell transplantation. Two had mucopolysaccharidosis, two
adrenoleukodystrophies, and the remaining had transfusion-dependent
thalassaemia.
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(range, 2 to 16.6 l) and was comparable in both groups
(group A vs group B, 5.5vs 6.0). This did not differ when
only the first aphereses were analysed (group Avs group
B, 5.4vs6.0,P 5 0.721). The target CD341 cell dose could
be achieved in all the subjects after one to three aphereses.

None of the subjects required a second PBSC mobiliz-
ation or bone marrow harvest subsequently to obtain more
stem cells. Numbness, nausea and muscle cramps
developed in three of the subjects during apheresis, respect-
ively. The symptoms were readily relieved by slow intra-
venous injection of 10% calcium gluconate. No other clini-
cally significant electrolyte disturbance was observed
during and after each apheresis. Peripheral blood platelet
count dropped in most of the subjects after apheresis, but
clinically significant thrombocytopenia was not observed.
The peripheral blood cell counts returned to normal within
a few days in all the subjects.

Analysis of the first apheresis

Table 2 summarizes the yield from the first apheresis col-
lection from both groups. The total nucleated cells (TNC),
MNC, CD341 cells and CFU were significantly higher in
group A than group B. The median cell numbers and CFU
of group A were higher than group B: TNC 5.91vs 3.92
3 108/kg; MNC 5.73vs 3.92 3 108/kg; CD341 cells 2.80
vs 1.69 3 106/kg; CFU, 107vs 54 3 104/kg. While the
percentage of MNC in TNC (%MNC/TNC) and the per-
centage of CD341 cells in MNC (%CD341/MNC) were not
statistically different between the two groups. The median
%MNC/TNC and %CD341/MNC of group A and B were
95.0 vs 98.0% and 0.71vs 0.47%, respectively. Since the
response to G-CSF might be different between allo-trans-
plant and auto-backup patients, the analysis was also done
on group A and group B separately. There was no differ-

Table 2 Comparison of first apheresis products after mobilization with
2 3 5 mg/kg (group A) with 13 10 mg/kg (group B)

Group A Group B P value
2 3 5 mg/kg/day 13 10 mg/kg/day

TNC (3108)/kg)
Median 5.91 3.92 0.013
Range 2.61–10.19 1.18–6.87

%MNC in TNC
Median 97 98 0.547
Range 82–100 82–100

MNC (3108/kg)
Median 5.73 3.92 0.017
Range 2.29–10.19 0.17–1.73

%CD341 cells/MNC
Median 0.710 0.470 0.357
Range 0.27–1.69 0.17–1.73

CD341 cells (3106/kg)
Median 2.80 1.69 0.049
Range 0.68–11.39 0.51–7.53

CFU (3104/kg)
Median 107 54 0.010
Range 13–344 18–173

TNC 5 total nucleated cells; MNC5 mononuclear cells; CFU5 colony-
forming units.
Values were expressed as per kg body weight of the donor/patient.
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ence in the yield of progenitor cells (TNC, MNC, CD341

cells and CFU) between the allo-transplant and auto-backup
subsets for both group A and group B.

The influences of sex, age and body weight of the sub-
jects and the purpose of PBSC collection on the yield of
CD341 cells in the first aphereses were analysed. There
was no correlation between the number of CD341 cell har-
vested and the age, gender or body weight of the subjects.
The median numbers of CD341 cell collected in the first
aphereses for allo-transplant group and auto-backup groups
were 2.053 106/kg (range, 0.68–10.173 106/kg) and 2.20
3 106/kg (range, 0.51–11.393 106/kg) respectively. There
was no significant difference between the two groups
(P 5 0.84).

Discussion

Despite being widely used in PBSC transplant, the optimal
dose and schedule of G-CSF for mobilization of PBSC in
normal donors or non-oncology patients has not been estab-
lished yet. Previous studies have demonstrated that efficacy
of PBSC mobilization by G-CSF is dose-dependent.6,9–11

Doses of 3–5mg/kg/day result in less efficient PBSC mobil-
ization,9,12 and high doses at 16–24mg/kg/day may not be
cost-effective and may be associated with increased tox-
icity. The EBMT has recommended that normal donors
undergoing mobilization for allogeneic PBSC transplant
should receive G-CSF 10mg/kg as single daily doses for 5
days with PBSC collection starting 1 day after the fourth
dose.13 Mobilization kinetic studies have shown that the
number of stem cells starts to rise between 48 to 72 h after
initiation of G-CSF treatment and reaches a maximum level
between days 4 and 6 of treatment.6,14 These results support
the use of single daily dose schedule of G-CSF with apher-
esis performed on the fifth day of G-CSF treatment. How-
ever, the pharmacological profile of G-CSF shows the
maximum serum concentration after subcutaneous injection
is reached within 2–8 h and the elimination half-life is only
3 to 4 h.15 Hence application of G-CSF once daily may
be suboptimal for PBSC mobilization. The MD Anderson
Cancer Center has shown in more than 350 donors that
G-CSF 12mg/kg/day given in two divided doses a day is
effective in mobilizing PBSC.8 There have been no studies
comparing the single against divided dose schedule of
G-CSF on the yield of PBSC collection in normal donors
and non-cancer patients. Here we evaluated the efficacy of
G-CSF in PBSC mobilization with a two divided dose a
day schedule and compared with a historical once daily
dose schedule. Our results suggest that, at the same daily
dose of G-CSF of 10mg/kg/day, a two divided dose a day
schedule allows a significantly greater number of stem cells
and colony-forming units to be collected than the single
daily dose schedule.

In a retrospective study on 49 heavily pretreated breast
cancer patients, a two 5mg/kg doses daily schedule of
G-CSF results in a higher yield of CD341 cells and fewer
aphereses than the 10mg/kg once daily schedule.16 Another
prospective study on 48 consecutive normal PBSC donors
has shown that G-CSF at doses of 6–8mg/kg/12 h provides
better PBSC mobilization and collection than
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10 mg/kg/day,17 but the difference in actual daily doses of
G-CSF may have confounded the results. In the current
study, we used the same daily dose of GCSF of
10 mg/kg/day. We analysed both the healthy donors for
PBSC transplant and non-cancer patients for autologous
PBSC backup together. Impaired mobilization of PBSC has
been reported in some patients with inherited, non-malig-
nant, haematopoietic disorders such as chronic granuloma-
tous disease and adenosine deaminase deficient severe com-
bined immunodeficiency disease.18 The results suggest that
the mobilization kinetics may be different between healthy
donors and patients who suffered from non-malignant dis-
eases. The majority of our non-cancer patients suffered
from transfusion-dependent thalassaemia and none suffered
from immunodeficiency syndromes. We have previously
shown that the yield of CD341 cells from thalassaemia
patients does not differ from normal healthy donors.19 Fur-
thermore, in the current study the yield of CD341 cells
from the healthy donors did not differ from the non-cancer
patients. The results suggest that the mobilization kinetics
of the two groups are similar.

The result of this study must be interpreted with caution
because it was compared with a historical control group.
Even though a uniform methodology was adopted through-
out the years, there may be other confounding factors caus-
ing a difference in the yield of stem cells. A randomised
control trial is the preferred method to confirm the efficacy
of the twice daily dose schedule. Our subjects were rela-
tively young (two-thirds being less than 16 years), this may
explain the insignificance of an age effect as reported by
others.20–22We did not find any differences in the incidence
and severity of side-effects between subjects receiving
twice a day or once a day doses. Fourteen allogeneic PBSC
transplants have been performed and the rate of
engraftment was not affected by the dose schedule of
G-CSF for mobilisation.

In conclusion, giving G-CSF as two divided doses a day
appeared to achieve higher yields of CD341 cells and CFU
than a single daily dose. This approach may lead to a lower
number of aphereses required to obtain sufficient CD341

cells. A two divided doses a day schedule may be more
cost-effective for PBSC mobilization.
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