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Mobilization of peripheral blood stem cells (PBSC) using the granulocyte colony-stimulating factor (G-CSF) has enabled 
the collection even from older donors and those with comorbidities. Several clinical parameters have been reported to predict 
the success of PBSC mobilization. 

The aim of our study was to evaluate the safety of PBSC donation in a cohort of 167 sibling donors after mobilization 
with G-CSF 16 μg/kg/day for 5 days during short- and long term follow-up and to analyse the efficacy, toxicity and factors 
influencing CD34+ mobilization capacity. 

All 167 sibling donors completed the established mobilization protocol. The median yield was 7.9x106 CD34 cells/kg per 
recipient weight. The optimal target dose of CD34 cells ≥ 4.0x106/kg was achieved in 140 donors (84%). Only in 4 donors 
(2%) was the CD34+ yield < 2x106/kg. No major toxicities occured.

Factors associated with higher PBSC yields included age < 55 years (p= 0.001), male gender (p= 0.004), preapheresis CD34 
cell counts > 51/μL (p < 0.001) and preapheresis leukocyte counts > 45.5 x 109/L (p = 0.003). Comorbidity score, performance 
status and donor weight did not significantly influence PBSC yields. Long-term follow-up was possible in 60% (101/167) of 
the donors. The median length of follow-up from PBSC donation was 11.9 years. Most of these donors reported good or very 
good general health (91%), and no hematological malignancies were observed.

The mobilization of PBSC in sibling donors with G-CSF 16 μg/kg/day is an effective and safe procedure with no significant 
short- and long-term toxicities.
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Allogeneic haematopoietic stem cell transplantation (SCT) 
plays an important role in the treatment of various haemato-
logical diseases [1]. Peripheral blood stem cells (PBSCs) are 
often used as a source of haematopoietic stem cells [2]. 

Mobilization of peripheral blood stem cell (PBSC) using 
the granulocyte colony-stimulating factor (G-CSF) [3-5] has 
enabled the collection even from older donors and those with 
comorbidities [6]. The optimal dose of G-CSF for mobilization 
of PBSCs has been extensively discussed [7] and various doses 
have been used ranging from 3 to 20 μg/kg/day [7]. Higher 
PBSC CD34+ yields per recipient weight are linked to faster 
hematopoietic engraftment and better transplant outcome [8, 
9]. On the other hand, there is some evidence that higher G-
GSF doses are associated with increased frequency of adverse 
events in healthy donors [9, 10]. 

Many clinical parameters with possible impact on the 
yield of PBSCs including comorbidities, gender, race, donor 
weight, age, pre-apheresis peripheral blood CD34 cell counts, 
and others have been evaluated in healthy donors with incon-
sistent results [2, 6, 7, 12-14]. When PBSC mobilizations in 
healthy donors started in our centre in 1997, only few clinical 
data were available. We used G-CSF in the dose of 16 μg/kg/
day subcutaneously according to previous publications of 
Majolino et al. [15, 16]. However, these cohorts of healthy 
donors had been very small and no follow-up had been car-
ried out. The principal objectives of our effort was to achieve 
high efficacy of PBSC mobilization with mild or moderate 
toxicity. In our hands, this protocol mentioned above has 
been highly successfull for PBSC harvest and is still in use 
in our centre today.
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The long term survival of healthy donors after PBSC mobi-
lization is another important objective. Several observational 
reports raised concerns regarding an elevated risk of hema-
tological malignancies after G-CSF administration [17, 18], 
while other authors found no significant association between 
PBSC mobilization and the incidence of hematological ma-
lignancies in age-adjusted analysis [19]. 

The aim of our study was to evaluate the short-term and 
long-term safety of PBSC donation in a uniform cohort of 
167 related donors after mobilization using G-CSF 16 μg/kg/
day and to analyse the efficacy, toxicity, and possible factors 
influencing the success of CD34+ mobilization.

Materials and methods

Donors. The cohort included 167 consecutive sibling 
donors (median age 43 years; range 15-73 years). All donors 
received the mobilization protocol at the Department of Inter-
nal Medicine, Hematology and Oncology, University Hospital, 
Brno, Czech Republic, from January 1997 to December 2007. 
The study was carried out in accordance with Helsinki Dec-
laration and after approval by the hospital ethics committee. 
The standard evaluation of donors included medical history, 
physical examination and laboratory testing. We extracted data 
on comorbidities, performance status, and weight from medi-
cal records of the sibling donors. Comorbidity was tabulated 
using the Charlson Comorbidity Index (CCI) [20]. Baseline 
characteristics of the donors are summarized in Table 1. 

Mobilization regimen and collection of PBSCs. Donors 
were mobilized using a uniform regimen of G-CSF (filgrastim) 
16 μg/kg/day given twice daily as a subcutaneous injections 
of 8 μg/kg. Doses were rounded to vial sizes of 300 μg or 
480 μg. Preapheresis peripheral blood CD34 counts/μL were 
measured on day +4 and day +5. Hematopoietic progenitor 
cells-apheresis (HPC-A) was started on day +4 from the onset 
of mobilization and proceeded on day +5 and day+6, if the 
target yield of CD34+ was not reached. The optimal target of 
CD34+ yield was ≥ 4.0 x 106/kg recipient body weight [2, 19], 
and the minimal target yield of CD34+ cells was 2.0 x 106/kg 
[19]. Mobilization failure was defined as < 20 CD34 cells/μL in 
the peripheral blood on day 5 as defined in previous publica-

tions [12, 13]. However, this did not preclude leukapheresis. All 
HPC-A procedures were performed using an apheresis system 
(Cobe Spectra) via bilateral (anterior cubital and forearm) 
peripheral venous access, whenever possible, or otherwise via 
a central line in the femoral vein. 

Monitoring of sibling donors and follow-up observa-
tions. Complete blood counts were performed before and 
after each leukapheresis. During and immediately after the 
apheresis, vital signs and adverse events were documented by 
the medical staff. Adverse events were graded according to 
the National Cancer Institute Common Toxicity Criteria for 
Adverse Events, version 3.

Follow-up of all sibling donors in 6-month intervals, after 
PBSC harvest included blood counts and viral serology (hepa-
titis A,B,C, HIV, syphilis). Subsequently, in January 2014, with 
the median follow-up of 11.9 years (range 7.2-17.0 years) from 
the PBSC collection, the all sibling donors received a question-
naire regarding their overall health condition and possible 
development of new health problems after PBSC donation 
including malignancies. Some informations about the health 
status of the sibling donors were obtained by phone contact 
(10%, 17/167). 

Statistical analysis. Data were analyzed as of October 31, 
2014. To describe the data set, absolute and relative frequen-
cies of values were calculated and quantitative variables were 
described by mean, standard deviation (SD), median and 
range. Comparisons between groups were performed us-
ing the Mann-Whitney U test. The Spearman’s correlation 
analysis was used to explore possible associations between 
two quantitative variables. The level of statistical significance 
was 5% for all tests.

Results 

Efficacy of PBSC mobilization. All 167 sibling donors 
completed the pre-planned mobilization protocol. On day +4 
and day +5 of mobilization, preapheresis medians of CD34+ 
stem cells mobilized into peripheral blood were 51.4/μL and 
62.7/μL, respectively. The median of overall PBSC yield was 
7.4 x 106 CD34 cells/kg per donor weight (range 0.8-28.8) and 
7.9 x 106 CD34 cells/kg per recipient weight. The median yield 
of CD34 cells for one apheresis was 3.8 x 106/kg per donor 
weight (range 0.8-14.4). In the majority of sibling donors 
(140/167, 84%), enough CD34+ cells could be collected in 1 
or 2 apheresis procedures. The median number of apheresis 
was two (range 1-3). The optimal target yield of CD34 cells ≥ 
4.0 x 106/kg was achieved in 140 donors (84%).

The CD34+ yield was less than 2x106/kg recipient body 
weight in 4 donors (2%) only. Failure of mobilization, defined 
as CD34 cells < 20/μL on day 5, occured in 4/167 donors 
(2%). Marrow harvest (2 cases) or second donor mobilization 
(2 cases) were carried out in these four donors. The optimal 
amount of PBSC was achieved in all 4 cases and allogeneic 
transplantation was successfuly performed. No long- term 
toxicity in these four donors was observed.

Table 1. Baseline characteristics of 167 sibling donors

Donor age in years (median, range) 42 (15-73)
Donor sex
 Male
 Female

90 (54%)
77 (46%)

Charlson Comorbidity Index
 0
 ≥1

138 (83%)
 29 (17%)

Karnofsky Performance Status
 100%
 80-90%

148 (89%)
 19 (11%)

|Donor weight (kg), median, range 79 (48-140)
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Finally, allogeneic PBSC transplantation was performed in 
98% of recipients (163/167), with 2% of recipients not trans-
planted because of progression of hematological malignancy 
(2 patients) or toxicity of conditioning (2 patients). PBSC 
mobilization parameters are summarised in Table 2.

Predictors of successful mobilization of PBSC. Age heav-
ily influenced the yield of PBSC mobilization. The median yield 
of CD34 cells in sibling donors aged < 55 years (132/167, 79%) 
was 7.6 x 106/kg compared to 5.0 x 106/kg in donors aged ≥ 55 
years (35/167, 21%) (p=0.001). Figure 1 depicts CD34 counts 
by donor age, showing reduced average CD34 cell counts with 
advancing age. Donor age < 55 years was associated with sig-
nificantly higher PBSC yield (p= 0.001), comparison of both 
age groups was performed using the Mann-Whitney U test.

The other important factor for successful PBSC mobiliza-
tion in our group of donors was gender. Significantly higher 
yields were achieved in male donors compared to female 
donors (median CD34 cells 8.1 x 106/kg versus 6.1 x 106/kg, 

Figure 1. Impact of younger donor age on yield of PBSC mobilization: age 
< 55 years versus age ≥ 55 years 

Figure 2. Impact of donor gender on yield of PBSC mobilization: signifi-
cance of male gender

Table 2. Variables related to PBSC mobilization with G-CSF 16μg/kg/day

WBC count ( x 109/L) before the first apheresis 
(median, range) 45.5 (19.5-76.0)

PLT count ( x 109/L) before the first apheresis 
(median, range) 215 (150-339)

Day 4 preapheresis PB CD34/μL count 
(median, range) 51 (11-202)

Day 5 preapheresis PB CD34/μL count
(median, range) 63 (15-228)

Total CD34 yield x 106/kg per recipient weight 
(median, range) 7.9 (0.5-28.8)

Total CD34 yield x 106/kg per donor weight 
(median, range) 7.4 (0.48-28.4)

Abbreviations: WBC = white blood cells, PLT = platelets, PB – peripheral blood
Figure 3. Significant correlation of preapheresis CD34 cell count/μL > 51 
and overall yield of CD34+ cells (Spearman’s test 0.571; p < 0.001)

p =0.004). Impact of donor gender on PBSC mobilization is 
shown in Figure 2. Male gender of donors was associated with 
significantly higher PBSC yield (p= 0.004).

The level of peripheral blood CD34 cells before the first 
apheresis was another predictive factor for overall PBSC yield. 
The median yield of CD34 cells in sibling donors with preapher-
esis CD34+ count over 51/μL was 8.6 x 106/kg, while it was 5.6 
x 106/kg in donors with preapheresis CD34+ count under 51/
μL (p < 0.001). The correlation of CD34 cell count before the 
first apheresis and overall yield of CD34 cells after mobilization 
is shown in Figure 3, preapheresis CD34 cell count > 51/μL was 
associated with significantly better yield of CD34 cells (correla-
tion according to Spearman’s test was 0.571; p < 0.001).
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The next important factor for optimal PBSC yield in our 
sibling donors was leukocyte count before the first apheresis. 
Significantly higher yields of PBSC mobilization were achieved 
in donors with leukocyte count ≥ 45.5 x 109/l compared to 
leukocyte count < 45.5 x 109/l (median CD34 cells 8.4 x 106/
kg versus 6.4 x 106/kg, p =0.003).

The associations between CD34+/kg yields and selected 
donor parameters are shown in Table 3. The presence of co-
morbidities, performance status, and donor weight did not 
have statistically significant impact on CD34 counts or on the 
incidence of mobilization failures in our cohort of 167 sibling 
donors. None of the 4 donors who failed PBSC mobilization 
had comorbidity conditions as defined by the CCI. 

The results of univariate analysis and the influence of se-
lected clinical factors on CD34 cell counts are summarised 
in Table 4.

Safety of G-CSF administration and leukapheresis. The 
predominant adverse event associated with G-CSF administra-
tion was bone pain reported in 83% of the donors. Headache 
occured in 21% of donors. Flu-like symptoms or other toxici-
ties were reported in 10% of the donor population. All adverse 
events were grade 1-2 according to CTC criteria. There were 
no cases of splenic rupture or other major toxicity.

None of the sibling donors discontinued G-CSF administra-
tion because of an adverse event.

Administration of G-CSF and leukapheresis both substan-
tially reduced platelet counts [19]. In our group of donors, 
the median platelet counts after the first and the second leu-
kapheresis were 131 x 109/L (range 78-298) and 114 x 109/L 
(range 58-178), respectively. No significant bleeding episode 
occured.

The most frequent adverse event during leukapheresis 
was paresthesia associated with hypocalcemia, all cases were 
grade 1-2 according to CTC criteria and quickly dissappeared 
after calcium substitution. No thromboembolic complications 
related to G-CSF administration were observed. Other prob-
lems, such as circulatory disturbances, fatigue, or pain at the 
site of venepuncture occured infrequently, affecting only 2% 
of donors and were of CTC grade 1-2. 

Adverse events during short- and long-term follow-up. 
No pathological changes in peripheral blood counts were ob-

served at 6 months after PBSC collection and all 167 donors 
had negative results of viral serology.

Long-term follow-up data were available in 60% (101/167) 
of the sibling donors.The median length of follow-up from 
PBSC donation was 11.9 years. Most of these donors reported 
good or very good general health (91%). Two sibling donors 
(2/101; 2%) developed clinically significant conditions, includ-
ing head and neck cancer nine years after PBSC donation and 
amyotrophic lateral sclerosis eight years after PBSC collection, 
both these donors died. No cases of hematological malignan-
cies have been reported in our cohort of sibling donors. 

Discussion

Mobilization of PBSC with G-CSF and leukapheresis has 
become a well-established procedure worldwide and is the 
main technique for the procurement of allogeneic hematopoi-
etic stem cell transplants [7]. HLA-compatible sibling donors 
have traditionally been considered the optimal hematopoeitic 
stem cell donor because of their immediate availability and 
superior outcomes of the transplant compared to unrelated 
donors [6]. 

Although G-CSF has a clear dose response relationship, 
the wide variability in mobilization yields remains a major 
challenge in the management of the individual donor. A G-
CSF dose between 10 μg/kg to 16 μg/kg G-CSF is accepted as 
a standard and used by most centres worldwide [7, 21]. 

In this report, we describe the outcomes of 167 sibling 
donors after PBSC mobilization using the G-CSF dose of 
16 μg/kg/day. Our results confirm the high efficacy of this 
mobilization protocol. The median overall PBSC yield was 
7.9 x 106 CD34 cells/kg per recipient weight and the yield of 
mobilization surpassed 4x106/kg CD34 cells in the majority of 
our sibling donors (84%) after one or two apheresis procedures. 
These results are in concordance with other published studies 
[2, 6]. The median preapheresis count of CD34 cells on day +5 
was 62.7/μL and was similar to previously published reports 
[6, 13]. Only 2% of our sibling donors (4/167) experienced 
mobilization failure with CD34+ yield less than 2 x 106/kg 

Table 4. Influence of selected clinical factors on the yield of CD34 cells – 
univariate analysis

Factor Number
Median CD34 

cell count 
x 106/kg

P-value

Age < 55 years versus ≥ 55 years  132/35 7.6/5.0  0.001
Sex (male versus female)  90/77 8.1/6.1  0.004
Karnofsky PS 100% versus 80-90%  148/19 7.8/7.1  0.234
Comorbidities
(CCI 0 versus CCI ≥ 1)  138/29 7.9/7.2  0.534

Median of WBC count before the 
first apheresis (below versus above)  83/84 6.4/8.4  0.004

Median of CD34 cells (μL) before the 
first apheresis (below versus above)  83/84 5.6/8.6 <0.001

Table 3. Association of CD34+/kg recipient yield with selected variables 
of donor (Spearman´s test)

Variable Number Spearman´s test P-value
Age 167 -0.315 <0.001
Weight 167 0.119 0.059
CD34 cell count (μL) before the 
first apheresis 167 0.571 <0.001

WBC count ( x 109/L) before the 
first apheresis 167 0.228 0.003

PLT count ( x 109/L) before the 
first apheresis 164 0.044 0.577
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recipient body weight and this proportion is comparable to 
the rates reported by other groups [2, 22]. 

Many clinical and laboratory variables have been reported 
to influence PBSC harvest [2. 6, 7], and a validated predictive 
model for PBSC mobilization would be very useful in the 
clinical practice.

In accordance with the literature [2, 7], the mobilization 
and harvest of CD34+ cells in our donor cohort were signifi-
cantly more effective in male than in female donors. However, 
some authors did not confirm the impact of gender on PBSC 
harvest [6]. 

The donor age probably significantly influences the PBSC 
yield. Similar to reports by other authors [6, 13, 23-25] our 
data show strong association between donor age of 55 years 
or more and reduced PBSC mobilization. 

However, again there are several studies that have not found 
age to be a significant predictive factor [7, 26]. 

The preapheresis count of CD34 cells in peripheral blood 
seems to be another important predictor of successful PBSC 
harvest [2, 7, 27].Our results confirm a strong correlation 
between CD34 cell counts before the first apheresis and the 
overall amount of CD34 cells after mobilization (p< 0.001).

The short-term safety of G-CSF application is generally ac-
ceptable with grade 1 or 2 toxicities that do not pose serious 
health risks for the donors. In our cohort of sibling donors, the 
short-term side effects of G-CSF 16 μg/kg were predominantly 
bone pain, headache and fatigue with grade 1-2 according 
to CTC criteria. No serious side effect was observed, it was 
in concordance with other studies [7, 27]. A transient state 
of hypercoagulalibity that could give to rise to thrombotic 
complications especially in older sibling donors could be a po-
tential hazard of PBSC mobilization with G-CSF [7]. However, 
no thromboembolic complications related to G-CSF adminis-
tration were observed in our cohort of donors.

Long-term monitoring of sibling PBSC donors is necessary 
to ensure the safety of PBSC mobilization and collection. The 
question whether G-CSF exposure of healthy donors increases 
the risk of developing hematological (especially myeloid) 
malignancies has been debated since the first allogeneic PBSC 
mobilizations [7]. The problem remains unanswered and will 
have to be investigated carefully in future studies. In our study, 
no cases of hematological malignancies were observed after 
a median follow-up of 11.9 years.

In conclusion, the mobilization of PBSC in sibling donors 
with G-CSF at dose of 16 μg/kg/day is an effective and safe pro-
cedure with no significant short- and long term toxicities.
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