
although it has been reported that Ser121Ala10 affected nei-
ther αIIβ3 expression nor the ability of the heterodimer to
interact with the complex specific monoclonal antibody.
Although we could not do expression studies of the mutat-
ed integrin on CHO cells,  the presence of this mutation in
the parents of the patient and the plausibility of it inter-
fering with platelet function makes it a genuine candidate
for this important abnormality. In conclusion the patient
appeared to carry a homozygous mutation in the GPIIIa
gene, which may be responsible for her variant GT-like phe-
notype. The mutation described here will help further under-
standing of the GPIIb-IIIa structure and functions and GPI-
Ib-IIIa.
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Stem Cell Transplantation

Basal CD34+ cell count predicts peripheral blood
progenitor cell mobilization and collection in
healthy donors after administration of granulocyte
colony-stimulating factor

We analyzed factors predicting CD34+ cell mobilization
and collection after granulocyte colony-stimulating fac-
tor (G-CSF) administration in 47 healthy donors. Basal
CD34+ cell count and sex were the two variables that sig-
nificantly predicted a better CD34+ cell mobilization, and
greater age was the only variable associated with lower
CD34+ cell yields. 

haematologica 2004; 89:1530-1532
(http://www.haematologica.org/2004/12/1530)

Despite the extensive use of granulocyte colony-stimu-
lating factor (G-CSF) in healthy donors for peripheral blood
progenitor cell (PBPC) mobilization, there is still a lack of
consistent pre-mobilization variables that accurately predict
a donor's response to this cytokine.1-4 Among such variables,
the number of CD34+ cells circulating in steady state, i.e.,
before G-CSF administration, has only rarely been reported.5
The purpose of this study was to try to identify clinically sig-
nificant factors that could influence the effectiveness of
CD34+ cell mobilization and collection with special focus
on the value of the basal CD34+ cell count in 47 healthy
first-time donors from 12 centers undergoing PBPC mobi-
lization and collection. Donors received G-CSF subcuta-
neously at a median (range) dose of 12 (10-22) µg/kg per
day in two separated doses. PBPC collections were started
on day five, i.e., after four days of filgrastim in every donor.
The median blood volume processed was three times the
donor's total blood volume and 20 donors (43%) underwent
large volume leukapheresis (LVL) (Table 1). Three different
determinations of CD34+ cells were done in each donor:
first, baseline CD34+ cell count (before G-CSF administra-
tion); second, enumeration of CD34+ cells in peripheral blood
on the morning of collection (after G-CSF); finally the num-
ber of CD34+ cells in the apheresis bag (CD34+ cells collect-
ed). Enumeration of CD34+ hematopoietic cells was per-
formed by a single platform method based on the ISHAGE
protocol.6 The total number of CD34+ cells/mL in peripher-
al blood on the first day of apheresis (after G-CSF adminis-
tration) was used to evaluate the effectiveness of mobi-
lization. This variable was examined separately by linear
regression analysis against independent variables (sex, age,
weight, dose of G-CSF, baseline white cell count, and base-
line CD34+ cell count). A p level <0.05 was considered sta-

Letters to the Editor

haematologica 2004; 89(12):December 20041530

Figure 2. Electropherogram of exon 3 of the GPIIIa gene
from the patient and from a control.

Control

The arrow shows the position of the 456T→→C substitution

Patient
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tistically significant. In a second step, logistic regression
analysis was done to determine the variables influencing
the number of CD34+ cells collected/kg of donor body
weight (<4 vs. ≥4×106 CD34+ cells/kg). The independent vari-
ables analyzed in this step were the same as those in the
previous one with the addition of the volume of blood
processed (normal vs. LVL). Again a value <0.05 was con-
sidered statistically significant. As concerns mobilization of
CD34+ cells, the median number of CD34+ cells in peripher-
al blood on the day of the apheresis was 78/µL (range, 5-
189). By multivariate analysis, baseline CD34+ cell count
(p=0.012) and female sex (p=0.03) were the only two vari-
ables that correlated with the number of CD34+ cells in
blood the day of apheresis (R of the model = 0.42) (Table 2).
The median number of CD34+ cells collected in the whole
series was 5.73×106/kg (range, 0.73-17.29) and a CD34+ cell
count >4×106/kg was obtained in 27 cases. The donor's age
was the only variable that significantly correlated with the
number of CD34+ cells/kg collected (p=0.019), elderly donors
being less likely to yield >4×106 CD34+ cells/kg (β coefficient
for age = -0.056).  Our study confirms that some donors are
poor responders to G-CSF and that the baseline number of
CD34+ cells correlated with the number of CD34+ cells in
blood the day of apheresis. Thus, the number of CD34+ cells
circulating in peripheral blood in steady state can be used
as a useful indicator of CD34+ cell mobilization after G-CSF
administration, confirming previous results,5 although a
definitive explanation for this finding needs further inves-
tigation. 

When considering a target dose of 4×106 CD34+ cells/kg,
the donor's age was found to be the only significant pre-
dictive factor for the apheresis yield of CD34+ cells in mul-
tivariate analysis, showing an age-related decline in CD34+

numbers. This is in keeping with data reported recently by
our group and with those from studies on the kinetics of
CD34+ cell collection reported in the literature.2,4,7-9 The rea-
sons why baseline CD34+ cell count predicts mobilization of
CD34+ cells into peripheral blood but not the final number
of progenitors collected are unclear. In normal donors, the
correlation between pre-apheresis CD34+ cell count and the
total harvested CD34+ cell count has been reported as weak

or moderate, a fact that may explain this finding.10,11 It seems
as if PBPC mobilization and collection could be a two-step
process, with variables affecting one of the steps having
less influence on the other. Despite this, monitoring the
number of steady-state circulating CD34+ cells to predict
mobilization could be especially useful in older donors. 
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Table 1. Donors’ characteristics.

No. Median
(range)

Age (years) 44 (4-74)
Sex
Male/female 22/25
Baseline CBC

WBC (×109/L) 6.3 (4.3-17.2)
Hb (g/dL) 14.1 (10.2-17.6)
Platelets (×109/L) 248 (134-359)

Baseline CD34+ (cells/µL) 2.25 (0.34-7.12)
G-CSF

Dose (µg/kg) 12 (10-22)
Days 4 (4-6)
≤12/>12 (µg/kg/day) 26/21

Body weight (kg) 66.5 (22-110)
Apheresis 1 (1-2)
Blood volume processed (L) 12.3 (4.39-31.68)
Required CVA 4

CBC: complete blood count; WBC: white blood cell count;
CVA: central venous access

Table 2. Factors affecting PBPC mobilization.

Univariate analysis

Variable r p

Baseline CD34+ cell count 0.30 0.04 
Sex 0.23 0.11
Age -0,27 0.06
Weight 0.08 0.58
Baseline WBC count 0.29 0.05
G-CSF dose 0.09 0.55
G-CSF ≤12 vs. >12 µg/kg/day 0.13 0.38 

Multivariate analysis

Baseline CD34+ cell count 0.4 0.012
Sex 0.3 0.03 

*Data available in 42 donors.
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Stem cell transplantation

Successful peripheral blood stem cell harvesting with
granulocyte colony-stimulating factor alone after
previous mobilization failure

A total of 138 patients whose stem cell mobilization
failed following chemotherapy and granulocyte colony-
-stimulating factor (G-CSF) at a dose of 5 µµg/kg/d were
given a higher dose of G-CSF (10 µµg/kg/d) for 5 days after
a 7-day resting period. Stem cell mobilization was suc-
cessful in 90 patients, who yielded a median of 3.5××106

CD34+ cells/kg, partially successful in 17 patients (1-
2.4××106 CD34+ cells/kg) and failed in the remaining 31
patients.

haematologica 2004; 89:1532-1534
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Autologous peripheral blood stem cells (PBSC) are cur-
rently mobilized by administering either chemotherapy (CT)
plus granulocyte colony-stimulating factor G-CSF or G-CSF
alone.1,2 The most important problem, occurring in 10%-
20% of cases, especially in heavily pretreated patients, is
failure to obtain a sufficient number of CD34+ cells after
apheresis.2-4 In 1995, at the 37th annual meeting of the
American Society of Hematology, we presented the first suc-
cessful regimen for PBSC harvesting rescue with G-CSF
alone (10 µg/kg/d) a few days after mobilization by CT plus
G-CSF had failed.5 Here we report further results from a
large cohort of patients which confirm the relevance and
safety of this procedure.

From 1997 to 2002, 1292 patients, referred to St-Louis
and Necker hospitals, received CT plus G-CSF (5 µg/kg/d) in
order to mobilize PBSC. The peripheral blood (PB) CD34+

cells were quantified when the white blood cell (WBC) count
had recovered to 1000/µL after CT. Leukapheresis was ini-
tiated when the PB CD34+ cell count reached 10/µL. If PB

CD34+ counts remained negative (<10 CD34+ cells/µL) for 6
consecutive days despite continued administration of G-
CSF and a high level of WBC (> 20,000/µL), the PBSC har-
vest was not performed. Successful mobilization was
defined by a harvest of at least 2.5×106 CD34+ cells/kg. Par-
tially successful mobilization was defined by a harvest of
between 1 and 2.4×106 CD34+ cells/kg. Failure was defined
by three consecutive negative PB CD34+ cell counts or by a
harvest of fewer than 1×106 CD34+ cells/kg.

PBSC mobilization was unsuccessful in 138 patients
(Table 1). After a 7-day resting period, a once daily subcu-
taneous administration of G-CSF at the dose of 10 µg/kg/d
for 5 to 6 days was offered to all these patients. On the
fifth and the sixth days of G-CSF administration, PB CD34+

cells were counted. If the count exceeded 10/µL, leuka-
pheresis was initiated on the fifth or sixth day. Cumulative
chemotherapy-induced toxicity to the bone marrow was
calculated for each patient using a scoring system devised
by Drake et al.6 Data were compared using the χ2 test or
Fisher’s exact test when indicated. Paired sample data were
compared using Wilcoxon’s signed rank test. Mobilization
was successful in 90 patients (65.2%) from whom a medi-
an of 3.5×106 CD34+ cells/kg (range 2.5 to 28) were har-
vested with a median of 2 leukaphereses (range, 1-4). Mobi-
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Table 1. Patients' characteristics.

N. of patients 138

Sex (male/female) 68/70

Median age, years (range) 49 (16-68)

Diagnosis, N. of patients
Non-Hodgkin’s lymphoma 48
Hodgkin’s disease 16
Multiple myeloma 28
Acute leukemia 27
Solid tumor 19

Previous therapy scoring system*
Median Pre PBSC harvesting score (range) 50 (0-270)
Median n. of drugs used (range) 3 (0-9)
Median n. of drug exposure 0 (2-27)
to toxicity factor 4 (range)
Median n. of cycles of chemotherapy (range) 6 (0-64)
Previous extensive radiotherapy 21
(n. of patients)

Median time elapsed between last 0 (0-48)
cycle of CT prior to the mobilization regimen
by CT plus G-CSF (months, range)

Mobilization regimen
Cyclophosphamide (120 mg/kg) 79
+ G-CSF (5 µg/kg/d)
DHAP + G-CSF (5 µg/kg/d) 9
CHOP-regimen + G-CSF (5 µg/kg/d) 10
Anthracycline + Arac + G-CSF (5 µg/kg/d) 26
Others + G-CSF (5 µg/kg/d) 14

*Chemotherapy scoring system by Drake et al.;6 CT: chemotherapy.




