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Differences in Mobilization Efficiency between Small Children and
Adults with Healthy Marrows
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Background: We compared the yields of mobilized PBSCs from single day of normal
volume leukapheresis (NVL) in children and adults, and factors affecting the yields, to
understand differences in mobilization efficiency between adults and small children with
healthy marrows.
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Methods: This study involved 18 adult volunteer donors and 47 small children weighing
less than 20 kg who participated in a clinical trial of cell therapy in children with cerebral
palsy. Donor factors analyzed to identify predictors of the yield of apheresis included
age, gender, weight and complete blood cell count (CBC) with differential counts as
well as equipment parameters.
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Results: The yields of total nucleated cells (TNCs) and CD34＋cells in the apheresis products of the children were significantly lower than in those from healthy adults. However,
the efficiency of recovery of PBSCs (total CD34＋ cell counts/TNCs) was significantly
higher in small children (0.48±0.30%) than in adults (0.10±0.05%) (P＜0.05). Multivariable
analysis of adult donor factors showed that the processed volume and flow rate of apheresis were significantly associated with the yield of TNCs (P＜0.05, for both), but not
of CD34＋cells. However, in multivariable analysis of child donor factors, body weight
and circulating WBC count on the day of apheresis were significantly associated with
the yield of TNCs (P＜0.05, for both) and of CD34＋cells (P＜0.05, for both).
Conclusion: The predictors of PBSC yields from a single day of NVL in adults and small
children are different. Also mobilization is more effective in small children than in adults.
Key Words: Peripheral blood stem cell, Hematopoietic stem cell mobilization, Efficacy,
Predictor, Children, Adults
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yields, in adults and small children.

Introduction
Materials and Methods
Peripheral blood stem cells (PBSCs) mobilized from
healthy donors are the preferred cells for hematopoietic

1) Subjects

stem cell transplantation. The number of infused PBSCs has

Forty-seven young children with cerebral palsy partic-

a very important effect on the outcome of PBSC trans-

ipating in a separate clinical trial and weighing less than

6

plantation. Usually, 2×10 CD34

＋

cells/kg recipient body

20 kg, and 18 adult volunteer stem cell donors were in-

weight are required to achieve hematopoietic engraftment,

cluded in the study. For data analysis, we used samples

and higher doses are associated with faster neutrophil and

of circulating PB obtained just before apheresis as well as

platelet engraftment [1-3]. Multiple days of apheresis are

the PBSCs produced. Written informed consent was ob-

frequently required to obtain sufficient CD34＋ cells for al-

tained from the adult volunteers and the children’s parents,

lografting [4]. However, additional days of apheresis are as-

and the study was approved by the Institutional Review

sociated with increased psychological stress and a reduction

Board of Hanyang University Hospital.

of donor platelet counts, as well as increasing costs to patients [5]. Therefore, previous investigators have tried to

2) PBSC mobilization and collection

identify donor characteristics associated with higher yields

To mobilize PBSCs, G-CSF was administered subcuta-

of PBSCs. According to some workers, donor gender,

neously daily until the day of apheresis. The dose of G-CSF

weight, ethnicity and total dose of granulocyte colony-stim-

was 600 g for adults and 10 g/kg for children. We used

ulating factor (G-CSF) are important factors determining the

a bilateral peripheral venous line for PBSC apheresis for the

yield of PBSCs [6,7] while according to others, only age,

adults and a dual lumen of central venous catheter for

pre-apheresis platelet count and number of circulating

children. PBSCs were collected with a continuous flow

＋

CD34 cells on day 2 after G-CSF injection are associated

blood cell separator (AMICUS, CA) on the 5th day of mobi-

with PBSC yield [8].

lization. For the adults, the operating flow rate of the sepa-

Although the principles of the procedure are the same

rator was 80 mL/min and the estimated processed volume

for children and adults, limited vascular access, low blood

was 15,000 mL. For the children, the flow rate was 22-29

volume, and central line placement create greater diffi-

mL/min and processed volume was 100 mL/kg or 2 × do-

culties in children. Lower age, days of apheresis, and male

nor's blood volume. The flow rate and processed volume

＋

were adjusted to each participant's condition and venous

＋

cells/kg recipient weight in children [9]. The yield of CD34

access. The apheresis machine was primed with 300 mL of

cells was also associated with surrogate markers, including

ABO- and Rh-compatible, packed red blood cells.

gender were found to be associated with the yield of CD34

white blood cell (WBC) count, absolute neutrophil count
and pre-apheresis peripheral blood (PB) CD34＋ cell count
[10].

3) Statistical analysis
Baseline characteristics and numbers of PBSC were com-

There is little if any comparative data on the yields of

pared using Student’s independent t-tests or Wilcoxon-

PBSCs obtained by a single day of normal volume leuka-

rank-sum tests for numerical data and Pearson’s chi-square

pheresis (NVL) in adults and in young children with healthy

test for categorical data. Because of their different charac-

marrows and no hematologic-oncologic diseases, although

teristics, linear regression analyses to identify the factors as-

many investigators have examined the safety and efficacy

sociated with the yield of PBSCs were conducted separately

of apheresis procedures in adults and children [4,5,9,11].

for adults and small children. Univariable regression analy-

Therefore, we compared the yields of mobilized PBSCs ob-

ses to assess the association between the potential factors

tained by a single day of NVL, and the factors affecting the

and outcomes were conducted for variables such as sex,
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8

age, body weight, peripheral blood, WBC, processed vol-

45.54×10 , for the adults, and 90.3±35.3×10 , and 42.9±

ume, and flow rate. The multivariable regression analyses

34.9×10 for the children. The distributions of CD34＋ cell

included only the variables that were significant in the uni-

counts as a function of total TNC in the PBSC products

variable analysis. The significance level adopted was  =

were very different between adults and children (Fig. 1).

0.05, and all statistical analyses were conducted using SAS

Total TNC and CD34＋ cell counts were higher in the adults

software (version 9.4, SAS Institute Inc., Cary, NC, USA).

(P＜0.05, for both) but the proportion of CD34＋ cells

6

among the TNC was substantially higher in the children
(0.5±0.3%) than in the adults (0.1±0.05%) (P＜0.05, for

RESULTS
1) Donor characteristics and equipment parameters
The characteristics of the donors including PB parameters and equipment parameters are shown in Table 1. In

both) (Table 2).
3) Factors associated with the yield of PBSCs
Associations between the yields of PBSCs and the donor

the adult group, the proportion of males was 83.33%, mean
age was 29±4.7 years, and mean body weight was 70.4±
9.0 kg. Among the children, the proportion of males was
55%, mean age was 4.0±1.32 years and mean body weight
was 14.77±2.46 kg. Other details are given in Table 1.
With respect to the equipment parameters, the processed
blood volume was 13,687.9±2,333.3 mL in the adults and
2,609±461.6 mL in the children and the flow rates were
69.4±9.4 mL/min and 24±3.8 mL/min, respectively. The
processed blood volume and flow rate were higher in the
adults (P＜0.05, for both).
2) PBSC products
Numbers of total nucleated cells (TNC) and CD34＋ cells
in the PBSC products were 589.2±125.8×108 and 64.09±

Fig. 1. The distribution of CD34＋ cell counts (×106) as a
function to TNC counts (×108) in the PBSC products of adults
and children.

Table 1. Donorcharacteristics and equipment parameters in adults and children (mean±SD)

Demographic
Gender (male:female)
Age (yr)
BW (kg)
Peripheral blood (/L)
WBC
Neutrophil
Lymphocyte
Machinery
Processing volume (mL)
Flow rate (mL/min)

Adults (N=18)

Children (N=47)

P-value

15:3
29±5
70.4±8.97

26:21
4±1
14.77±2.47

0.0362a)*
＜0.0001*
＜0.0001*

39,688.89±9,708.81
31,223.39±7,819.77
3,860.5±921.86

31,346.81±11,551.15
23,575.94±9,561.86
4,665.09±1,953.38

0.0085*
0.0036*
0.0284*

13,687.94±2,333.29
69.44±9.38

2,609.03±461.61
25.5±3.82

＜0.0001*
b)
＜0.0001 *

BW, body weight; WBC, white blood cell.
chi-square test, b)Wilcoxon rank sum test, otherwise: t-test. *Statistically significant at =0.05.
Flow rate (median±IQR, mL/min): adults (70±10), small children (24±6).

a)
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Table 2. PBSC products of adults and children (mean±SD)

Collection volume (mL)
8
TNC (×10 )
8
TNC (×10 /donor kg)
CD34 (×106)
CD34/TNC (%)
CD34 (×106/donor kg)

Adults (N=18)

Children (N=47)

P-value

194.7±29.97
589.21±125.80
8.41±1.79
64.09±37.31
0.1±0.05
0.91±0.57

53.96±2.24
89.1±35.28
5.98±2.01
42.91±27.19
0.49±0.30
2.88±1.80

＜0.0001 *
＜0.0001*
＜0.0001*
0.0141*
＜0.0001*
＜0.0001*

a)

TNC, total nucleated cell.
Wilcoxon rank sum test, otherwise: t-test. *Statistically significant at =0.05.
Collection volume (median±IQR, mL): adults (210±60), small children (55±0).

a)

Table 3. Multivariable analysis of donor factors and equipment parameters in adults and children
Adults (N=18)

Demographic
Gender
Age (yr)
BW (kg)
Peripheral blood
WBC (/L)
Equipment
Processing volume
Flow rate

Children (N=47)

TNC

CD34

CD34/TNC

TNC/BW

TNC

CD34

CD34/TNC

TNC/BW

NS
NS
NS

NS
NS
NS

NS
NS
NS

NS
NS
NS

NS
0.1998
0.004

NS
NS
0.0046

NS
NS
NS

NS
NS
NS

NS

NS

NS

NS

0.0002

0.0006

NS

NS

0.0127
0.0509

NS
NS

NS
NS

0.0891
0.1889

0.1582
0.8012

NS
NS

NS
NS

NS
NS

BW, body weight; WBC, white blood cell; TNC, total nucleated cell; NS, not significant variable in univariable regression analysis
(therefore excluded in multivariable regression analysis).

factors and equipment parameters were analyzed. Univariate
regression analysis revealed that the yield of CD34

＋

cells

DISCUSSION

was associated with the equipment flow rate in the adults
(P=0.04), and with body weight and circulating WBC

PBSCs are an important source of related and unrelated

counts on the day of apheresis in the children (P＜0.05,

hematopoietic stem cell transplantation. However poor col-

＋

＋

for both). However, CD34 cells/TNC, TNC/kg, and CD34

lection results cause significant problems in transplant re-

cells/kg were not associated with the donor factors or

cipients [1-3]. Therefore, it would be beneficial to be able

equipment parameters. Multivariable analysis of adult do-

to predict PBSC yields from allogeneic donors before mobi-

nor factors showed that processed volume and flow rate

lization and harvesting. Data on the safety and efficacy of

of apheresis were significantly associated with the yield of

PBSC mobilization and collection are available in adults and

＋

TNCs (P＜0.05, for both) but not the yield of CD34 cells.

children [4,5,9,11] but little information exists on the relative

In the children, on the other hand, body weight and circu-

mobilization efficacy in adults and young children. This

lating WBC counts on the day of apheresis were sig-

study analyzed PBSC yields from a single day of NVL and

nificantly associated with the yield of TNCs (P＜0.05, for

compared the yields in adults and small children with

＋

both) and of CD34 cells (P＜0.05, for both) (Table 3).

healthy marrows. A standard or NVL procedure usually
processes 2.5 to 3 times the patient's total blood volume,
whereas in large-volume leukapheresis (LVL), 3 to 6 times
the patient's total blood volume is processed. LVL is re-
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ported to be a safe and useful strategy for maximizing au＋

gands by G-CSF. The interaction between stromal cell de-

tologous CD34 cell yields, even in young children [12-14].

rived factor (SDF)-1 and its receptor, C-X-C chemokine re-

In this study we evaluated the effect of various factors

ceptor (CXCR) 4, is critical for the trafficking of stem cells

on PBSC yields in adults as well as children. The factors

in the BM, and interruption of this interaction plays a piv-

influencing cell yields were found to be different in adults

otal role in stem cell mobilization by G-CSF [16,17]. G-CSF

and children. In adults processed volume and flow rate of

treatment leads to proteolytic inactivation of CXCR4 and

apheresis were significantly associated with the yield of

degradation of SDF-1 by neutrophil elastase and cathe-

TNCs. This suggests that controlling the estimated proc-

psin-G [18,19]. Recent studies have shown that G-CSF in-

essed volume and employing higher flow rates, even in

duces significant down-regulation of SDF-1 mRNA in BM

NVL, might have an important effect on the yield of PBSCs.

stromal cells, suggesting that it regulates SDF-1 expression

In children, body weight and circulating WBC counts on

at the mRNA level [20]. There is little data on differences

the day of apheresis were significantly associated with the

between the cell adhesion molecules (CAMs) on the BM

＋

＋

yield of TNCs and CD34 cell counts. In this study, we did

CD34 cells of adults and of children. However Lee et al.

not perform the pre-apheresis CD34＋ cell counts in PB and

compared the CAMs in cord blood (CB) and BM, and sug-

collected PBSCs just on day 5 as usual manner in practice

gested that the adhesion potential of CB CD34＋ cells could

of PBSC harvesting from healthy donors, regardless of

be lower than that of BM CD34

＋

pre-apheresis PB CD34 cell counts. Although we did not
＋

＋

cells because the latter

contain a lower proportion of CD34＋CD49d＋ cells [21].

observe the influence of pre-apheresis PB CD34 cell counts

Further studies of the interaction of G-CSF with CAMs on

on yield, body weight was a very significant factor in pre-

the BM CD34 cells of adults and children would be useful.

dicting PBSC yield, as also shown by Pulsipher et al. [9].

In conclusion, we identified different predictors of the

We found that the ratios of CD34

＋

cells to TNCs and

to donor weights were significantly higher in the PBSC

＋

yield of PBSCs from NVL in adults and young children, as
well as more efficient mobilization in children.

products of the children than in those of the adults. Suzuya
reported that age and low platelet count before mobi-
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