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Abstract Peripheral blood is the prefered source for
hematopoietic stem cells for hematopoietic stem cell
transplantation. The efficiency of peripheral blood stem
cell (PBSC) collection can vary among devices. In this
study we aimed to compare feasibility and effectivity of
apheresis procedures of the different systems. Two
apheresis systems [Com.Tec (Fresenius Healthcare) and
Spectra Optia (Caridian BCT)] were used in our center for
the collection of PBSCs for autologous and allogeneic
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transplantation. We retrospectively analysed 190 apheresis
procedures performed in healthy donors and patients
between June 2012 and November 2014 in Department of
Hematology, Dokuz Eylul University. PBSCS were col-
lected by Fresenius cell separator (64 procedure) or Spectra
Optia cell separator (126 procedure). Mobilization treat-
ments were G-CSF (26.8%), cyclophosphamide plus
G-CSF (48.4%), prelixafor plus G-CSF (14.7%), ESHAP
(10%) and others. Patient and donor characteristics (age,
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weight, volume processed, disease, mobilization regimes)
were similar in Fresenius and Spectra Optia apheresis
groups. Altough both collected PBSCs efficiently, the
amount of CD34+ cell in product collected by Spectra
Optia device was significantly higher (p < 0.05) and pro-
duct volume was lower than Fresenius Com.Tec signifi-
cantly (p < 0.05). “CD34+4 collection efficiency” with
Spectra Optia was significantly higher than Fresenius
Com.Tec (CE2: 87%, 70%, p = 0.033) regarding all pro-
cedures. High collection efficiency and low product vol-
ume may be a significant characteristic of Spectra Optia
device (mean 187 mL, product CD34+ cell: 1576 pL).

Keywords Apheresis - Peripheral blood stem cell -
Autologous transplantation - Allogeneic transplantation -
Blood cell seperators

Introduction

Autologous and allogeneic peripheral blood stem cell
(PBSC) transplantation are used frequently in hematolog-
ical malignancies. In recent years, peripheral blood became
the preferred source for hematopoietic stem cells for HSCT
[1-4]. Collection of stem cells from peripheral blood is a
cheaper, painless procedure and hematological recovery is
faster [5]. It can be performed using automated or semi
automated devices [6]. Patients are generally mobilized
after granulocyte-colony stimulating factor (G-CSF) alone
or with plerixafor, or chemotherapy plus G-CSF [7, 8]. For
successful mobilization, age, diagnosis, stage of disease,
type of chemotherapy and radiotherapy, the amount of
peripheral CD34+ cells are important.

However, the performance of the devices can also affect
the success of mobilization. Therefore, it is good to know
the collection efficiency (CE) of the machines being used.
Simply, the CE is the number of cells that is collected from
the total number of cells processed by the apheresis
machine and can be calculated by various formulae. If we
know the platelet count prior and after the apheresis pro-
cedure and also the number of platelets in the collection
bag, CEl formula can be used. When the post apheresis
platelet count is not known as in our study, CE2 formula
can be applied [9]. Knowing mean CE of a machine also
enables us to calculate required volume of blood needed to
collect a specific number of stem cells.

In this study, we examined the efficiency of stem cell
apheresis with two different seperators (Fresenius Com.Tec
cell and Spectra Optia) and presented the factors affecting
results for contribution to the literature.
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Materials and Methods

We retrospectively evaluated a total of 190 apheresis data
from 97 patients and healthy donors whose hematopoietic
stem cell apheresis procedures were performed in apheresis
unit of Dokuz Eylul University between June 2012 and
November 2014 with Fresenius Com.Tec and Spectra
Optia. Apheresis was performed according to pre-apheresis
CD344 cell counts by flow cytometric analysis of
peripheral blood sample of patients and donors. If periph-
eral blood CD34+ cell count was higher than 10 pL,
apheresis was performed for the patient. The demographic
features, diagnosis, peripheral blood CD34+ cell values,
post-apheresis product CD34+ cell counts and product
volume, pre-apheresis complete blood counts of patients
and healthy donors, number of apheresis procedures and
device type were recorded. CE2 of CD34+4 cells was cal-
culated as the number of CD34+ cells collected in the
product bag divided by the number of CD34+ cells pre-
sented to the collection nozzle, asuming stable pre-
apheresis CD34+ cell concentrations over the time of
apheresis by using the following formula:

CE2% = CD34 + /pL product
x product volume/CD34+ pre-apheresis
X total processed volume.

Statistical Analysis

Normally distributed variables were expressed as
mean £ SD, and non- normally distributed variables were
expressed as median (range). Categorical variables were
expressed as frequency (percentage). Independent samples
t test and Mann—Whitney U tests were used to compare
normally and non-normally distributed variables among
independent groups. Categorical variables were compared
by the Chi square test. Correlation analyses were per-
formed by using either Pearson’s or Spearman’s coeffi-
cients accordingly. Statistical analysis was performed by
using the Statistical Package of Social Science (SPSS Inc,
Chicago, IL, USA), version 15.0 for Windows. A two-
tailed p value less than 0.05 was accepted as statistically
significant.

Results

A hundred and ninety collections of 97 patients and healthy
donors were investigated, 38.9% of the patients were
female and 61.1% of the patients were male. The per-
centage of patients under 18 years of age was 3.2%;
between 18 and 60 age was 70%, > 60 age was 26.8%,
median age was 49 (6-71), median height was 167.5 cm,
median weight was 74 kg. At apheresis time, mean
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laboratory values were as follows: hemoglobin (hb) 11.1 g/
dL (7.1-16 g/dL), white blood cell count (wbc)
24.8 x 10°/uL (1.7 x 10°/uL-82.3 x 10°/uL), platelet
(plt) 116 x 10*/uL (16 x 10*/uL-316 x 10°/uL).

Diagnosis of patients were as follows: 42.1% multiple
myeloma, 23.7% non hodgkin lymphoma, 13.7% hodgkin
lymphoma, 9.5% acute myeloid leukemia (AML), 8.4%
acute lymphocytic leukemia (ALL) and 2.6% others.
Whereas stem cell apheresis for autologous transplantation
was performed in 80% of all collections, for allogeneic
stem cell transplantation in 20% (Table 1). Mobilization
regimens were G-CSF (n: 51, 26.8%), cyclophosphamide
plus G-CSF (n: 92, 48.4%), prelixafor plus G-CSF(n: 28,
14.8%) and ESHAP (Etoposide, Methylprednisolone,
Cytarabine, Cisplatine) and others (n: 19, 10%).

The devices used in apheresis were Fresenius Com.Tec
(64 process) (33.7%) and Spectra Optia (126 process)
(66.3%). Apheresis processes were performed in 53.8% of
patients from jugulary vein catheter, in 46.2% of patients
from peripheral venous access. All patients received an
intravenous infusion of 10% calcium gluconate during the
procedure. All apheresis procedures were well tolerated.
No side effects were observed. No positive microbial cul-
tures were detected in all the samples analyzed.

We found a statistically significant relation between
WBC at the beginning of the apheresis and CD34+ cell
value (p = 0.037). In patients whose WBC were high, high
product CD34+ cells were collected (p = 0.001). There
was also a significant relation between initial platelet and
product CD34+ cell count (p = 0.009). Age and sex of
patients didn’t affect CD34+4 cell count. Pre-apheresis
donor CD+ 34 cell counts and product CD34+ cell counts

Table 1 Demographic and clinical characteristics of patients and donors

were correlated (p < 0.05). There wasn’t a statistically
significant difference regarding the number of CD34+ cell/
kg in the product between the Fresenius Com.Tec and the
Spectra Optia (3.2 x 10° vs. 3.75 x 10° p =0.12)
(Table 2). However, the mean volume of ACD used in
collections in the Fresenius Com.Tec was less than Spectra
Optia (p = 0.001).

When relationship between product CD34+ cell col-
lected and type of separator was analysed, product CD34+
cell collected via Spectra Optia device was found signifi-
cantly high (Table 2, p = 0.011). Processed blood volumes
were greater by Fresenius Com.Tec compared to Spectra
Optia (Table 2, p = 0.001). Spectra Optia enabled more
CD34+ cell collection by less volume. Product quality data
of autologous apheresis collections are summarized in
Table 2. The small product volume with significantly
greater CD34+ cell product was achieved with Spectra
Optia comparing to Fresenius Com.Tec (p = 0.039).
However; we found statistically significant relationship
between initial wbc, plt count and product CD34+4 cell
value in all collections. Processed blood volume was higher
with Spectra Optia.

Product quality data of autologous apheresis collections
and allogeneic collections are summarized in Tables 3 and
4. The numbers of apheresis procedures with donor col-
lections were less than autologous collections. Altough
product CD34+ cell count was similar for the two devices,
product volume was lower and used ACD volume was
higher with Spectra Optia device (p = 0.037). Product Hct
values were higher by Fresenius Com.Tec (p = 0.001).
Product wbc values were similar between Spectra Optia
and Fresenius Com.Tec.

Patients (autologous) n = 151 (%)

Donors (for allogeneic transplantation) n = 39 (%)

Age (median) 52+ 12

Disease
Multiple myeloma 80 (53)
Non-hodgkin lymphoma 46 (30.5)
Hodgkin lymphoma 19 (12.6)
Acute myeloid leukemia 0 (0)
Acute lymphoblastic leukemia 0 )
Medullablastoma 4 (2.6)
Myelodysplastic syndrome 0 (0)
Neuroblastoma 1(1.3)

Mobilization regimens
G-CSF alone 13 (8.6)
G-CSF+ chemotherapy 95 (62.9)
G-CSF+ plerixafor 24 (5.9)
ESHAP and other 19 (12.6)

40 = 14

0 (0)
1 (2.6)
2(5.2)
18 (46.1)
17 (43.6)
0 (0)

1 (2.6)

0 (0)

39 (100)
0 (0)
0 (0)
0(0)
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Table 2 Leukapheresis
collection and product data

Table 3 Characteristics of
patient’s apheresis

Fresenius Com.Tec Spectra Optia p value
Number of collection (n) 64 126 p=0.11
Age at collection 50.1 £ 14.6 49.6 £ 13.5 p = 0.08
Weight at collection (kg) 749 £ 12 73.7 £ 16 p =094
Number of apheresis per case 2+1 2+1 p = 0.06
ACD used (mL)* 564 £+ 118 802 + 207 p =0.001
Total blood volume (mL)* 4.1 +0.9 2.1+04 p =0.001
Processed blood volume (L)* 76+ 14 105 £ 1.1 p =0.04
Plasma volume (mL) 103 £ 28 98 + 28 p =022
Product volume (mL)* 231 £+ 58 185 £+ 61 p =0.039
Collection time (min)* 171 + 30 226 + 37 p =0.01
Product WBC x 107 (uL)* 215 (60-500) 232 (60-570) p =0.027
Product Hcet (%)* 0.61% (0.3-3.6%) 1.24% (0.3-3.1%) p =0.001
Peripheral CD34+ cell count (pL) 52 + 36 48 £ 53 p=0.13
CD34+ cell count in Product (uL)* 1105 + 1164 1576 + 1475 p =0.01
CD34+ cells infused (10%kg) 32+37 375 £ 3.7 p =041
CD34+ collection efficiency 2 (CE2) %* 70% (3-200%) 87% (6-390%) p =0.033
*p < 0.05 is significant
Spectra Optia Fresenius Com.Tec p value

WBC x 10%/uL 18.85 (1.7-82.3) 21.2 (2.1-63.0) p = 0.37
PLT x 10°/uL 90.5 (16-229) 107 (33-300) p = 0.08
Procedure time (min) 227 (136-358) 174 (112-259) p = 0.001
Number of apheresis per case 2.3 (1-5) 2.3 (1-4) p =0.63
ACD used (mL) 806 (336-1630) 580 (319-925) p = 0.001
Total blood volume (mL) 2.1 (1.3-4.8) 42 (2-5.2) p = 0.001
Product volume (mL) 177 (28-360) 220 (40-330) p = 0.001
Processed blood volume (L) 11,002 (3697-101,269) 7717 (4715-12,015) p = 0.07
Peripheral CD34+ cell count (uL) 46.68 (1.2-356) 49 (4.2-142) p=0.77
CD34+ cell count in Product (puL) 1627 (32-8207) 1155 (0.2-6474) p = 0.018
CD34+ cells infused (10°/kg) 3.69 (0.1-26.1) 3.3 (0.2-19.4) p =058
Product WBC x 10%/uL 280 (60-500) 212 (60-570) p =0.02
Product Het % 0.58% (0.1-2%) 1.17% (0.1-3%) p = 0.001
CD34+ collection efficiency 2 (CE2) %  89% (6-390%) 71% (3-200%) p = 0.07

CD34+ CE2 value with Spectra Optia was significantly
higher than Fresenius Com.Tec in all total apheresis pro-
cedures (CE2 optia x Com.Tec: 87% x 70%, p = 0.033).
However, there was no significant difference among the
two devices regarding CE2 of autologous and allogeneic
apheresis procedures independently (p = 0.078, p = 0.34).
CD34+ CE2 value with Spectra Optia was significantly
higher than Fresenius Com.Tec in mobilization by
G-CSF+ chemotherapy (p = 0.026) and CE2 were similar
with another mobilization regimens (p = 0.2).

CD34+ CE2 value with Spectra Optia was significantly
higher than Fresenius Com.Tec when pre-apheresis
CD34+ cell value was > 30 puL (p = 0.003). CE2 was
similar between two devices when pre-apheresis CD34+

@ Springer

cell value was < 30 pL. (Figure 1). Likewise when pre-
apheresis CD34+ cell value was < 20 pL or between 20
and 30 pL there was no significant difference between two
devices in terms of CE2.

Discussion

In this study, we compare the performance characteristics
between Fresenius Com.Tec and Spectra Optia cell sepa-
rators for peripheral stem cell collections.

In the study of Altuntas et al., the effectiveness of
Amicus and Fresenius cell separators for peripheral blood
progenitor cell collection was investigated. The median
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g;?;: :phiiljsrizcterlstlcs of Spectra Optia Fresenius Com.Tec p value
WBC x 10*/pL 39.0 (7.6-64.6) 36.7 (8.2-62.7) p=07
PLT x 10%/uL 172 (85-282) 199 (103-336) p=20.14
Procedure time (min) 220 (157-306) 165 (126-228) p = 0.001
Number of apheresis per case 2.1 (1-3) 2.7 (1-5) p =0.11
ACD used (mL) 784 (579-1077) 518 (337-807) p = 0.001
Total blood volume (mL) 2 (1.7-2.5) 3.9 (1.6-5) p = 0.01
Product volume (mL) 224 (100-360) 265 (210-360) p = 0.026
Processed blood volume (L) 8724 (6302-11,946) 7391 (5620-11,360) p = 0.016
Peripheral CD34+ cell count (uL) 53.7 (14.3-120) 62.9 (11-120) p=0.11
CD34+ cell count in Product (puL) 1347.5 (267-2675) 958 (51.7-2643) p = 0.001
CD34+ cells infused (10%kg) 4 (0.76-8.6) 3.2 (0.1-7.9) p =0.19
Product WBC x 10°/uL 275 (96-537) 255 (140-350) p =043
Product Het % 1.36% (0.4-3.6%) 0.7% (0.4-3.6%) p = 0.024
CD34+ collection efficiency 2 (CE2) % 66% (3-250%) 79% (2-200%) p =034

400

300

200

CE2 (%)

100

S 100 260 30 400
pre—apheresis CD34+ concentration (/uL)

Fig. 1 High pre-apheresis CD34+ cell values correlate with collec-
tion efficiency (CE2). CD34+ cell values are plotted on the X-axis
and CE2 are on the Y-axis, Spectra Optia: green rings, Fresenius: blue
rings

product volume was found higher with the Fresenius
Com.Tec and there wasn’t a significant difference between
the two for the number of CD34+ cell/kg in the product.
The product volume was lower with Amicus [4]. In our
study we compared the Fresenius and Spectra Optia cell
separators for peripheral blood progenitor cell collection.
There wasn’t a significant difference for the number of
CD34+ cell/kg in the product and the median product
volume was lower with Optia.

Dihenescikova VR et al. evaluated 169 collection pro-
cedures with 2 types of apheresis devices (Amicus and
Cobe Spectra). Cobe Spectra processed larger blood vol-
umes with higher CD34+ cell collection efficiency com-
pared to Amicus [5]. Kim et al. compared the Fresenius
Com.Tec and COBE Spectra cell separators for PBSC in
pediatric patients. PBSC collections by the Com.Tec sep-
arator had avantages like high processing rate, low product
volume and low contamination by platelets of product. The

median CE was less than 60% in both groups (50 and
48.4%) [10].

Bambi et al. evaluated three apheresis machines in
children: MCS 3P (Haemonetics-10 procedures), Spectra
(Cobe-8 procedures) and AS104 (Fresenius-24 proce-
dures). All apheresis machines seem to have comparable
PBSC extraction with no significant differences in CD34+
cell extraction [11].

In the study of Flommersfeld et al., they compared 186
apheresis procedures and effectiveness of the three differ-
ent apheresis systems for autologous and allogeneic stem
cell collections (Fresenius, COBE Spectra and Spectra
optia). 131 autologous and 56 allogeneic apheresis proce-
dures were evaluated. Spectra Optia had high collection
efficiency and low product volume. The best collection
efficiency was seen with spectra Optia regarding the
autologous collections. There was a negative relationship
between the CD34+ cell/kg and total processed volume in
all devices. There was no significant correlation between
initial pre-apheresis wbc counts and collection efficiency.
However, in our study we observed a correlation between
initial pre-apheresis wbc counts and collection efficiency.
Similarly, high collection efficiency and low product vol-
ume favoured Spectra Optia [12].

In the study of Brauninger et al., two systems for the
allogeneic donor peripheral blood “stem cell” apheresis
were compared prospectively. They reported that, the mean
CD34+ cell collection efficiency was 7.9% greater with the
Spectra Optia compared with COBE Spectra [13].

In another study, usability and function of automatic
interface control of Spectra Optia were compared to COBE
Spectra [14]. Most collection parameters, including col-
lection efficiency (Spectra Optia or COBE Spectra, slightly
greater than % 40) were similar. Platelet loss with Spectra
Optia was 25% less than with COBE Spectra MNC.

@ Springer



682

Indian J Hematol Blood Transfus (Oct-Dec 2018) 34(4):677-683

Products contained fewer but
granulocytes.

It is well reported that the circulating CD34+ cell/pL is
correlated with the product CD34+ cell/uL [15, 16]. Our
study showed that there is a correlation between circulating
and product CD34+4- cell counts for the two devices.

Several previous studies showed that a value greater
than 20/pL for circulating CD34+ cell count was a pre-
dictor of progenitor cell yield [17]. In our study, minimum
required CD34 count is 10/pL for the effective collection.
CE2 was % 92 in the pre-apheresis when CD34+ cell value
< 20 pL and there was no significant difference among the
two devices. Additionally, CE2 was similar when pre-
apheresis CD34+ cell value was between 20 and 30 pL
regarding the two devices. However, CE2 with Spectra
Optia was significantly higher than Fresenius Com.Tec
regarding all total apheresis procedures.

Some studies showed a correlation between the absolute
number of circulating CD344 cells with the total number
of CD34 cells in the product [18-20]. Also in our study;
pre-apheresis CD34+ cell count and product CD34+ cell
values was well correlated. The number of procedures was
less when pre-apheresis CD34 cell count was high.

erythrocytes, more

Conclusion

Successful collection of a product depends on diagnosis of
the patient, pre-treatment CD34 level, pretreatment wbc,
platelet levels, device types used for apheresis. High col-
lection efficiency and low product volume are favorable
characteristics of Spectra Optia.
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