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Summary
Background: Stem cells apheresis is a key step in the process of the autologous stem cell transplan­
tation. Available blood cell separators (BCS) have different efficiency due to the technical characte­
ristics and influence of the operator. Materials and methods: Retrospectively, data were collected of 
the peripheral blood stem cells apheresis performed using available BCS manufactured by Fresenius 
(ComTec and Amicus) in the National Cancer Institute Ukraine from 2017 to 2020. The collection 
efficiency coefficient (CEC) was calculated, the formula for predicting the total volume of processed 
blood (TVPB) was adapted for each separator. Results: The analysis included data from 60 patients 
(total of 92 apheresis procedures). The mean CEC was established at the level of (53.8 ± 36.6)% for the 
Amicus device and (44.2 ± 37.3)% for the ComTec device; P = 0.22. The lower product volume was ob­
tained using the Amicus device compared to the ComTec device; P = 2×10–7. The amount of collected 
stem cells was comparable in both groups (5.8 ± 5.7) ×106/ kg and (4.1 ± 3.1) ×106/ kg, respectively; 
P = 0.064. The adaptation of the formula for predicting the TVPB to achieve the optimum amount of 
stem cells was performed. Conclusion: The CEC for each device was within the generally accepted 
limits of 30–50%, and did not differ significantly. Nevertheless, using of the Amicus BCS allowed to 
collect lower volumes of the product, maintaining other characteristics of the product competitive.
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Souhrn
Východiska: Aferéza kmenových buněk je v procesu autologní transplantace kmenových buněk klí­
čovým krokem. Dostupné separátory krevních buněk (blood cell separators – BCS) mají díky svým 
technickým vlastnostem a vlivem obsluhy různou účinnost. Materiál a metody: Retrospektivě byla 
shromažďována data z aferéz periferních kmenových buněk provedených pomocí dostupných BCS 
od výrobce Fresenius (ComTec a Amicus) v Ukrajinském národním onkologickém institutu (National 
Cancer Institute Ukraine) v letech 2017–2020. Byl vypočítán koeficient účinnosti odběru (collection 
efficiency coefficient – CEC) a pro každý separátor byl upraven vzorec pro predikci celkového ob­
jemu zpracované krve (total volume of processed blood – TVPB). Výsledky: Analýza dat 60 pacientů 
(celkem 92 provedených aferéz). Průměrné hodnoty CEC byly (53,8 ± 36,6) % pro přístroj Amicus 
a (44,2 ± 37,3) % pro přístroj ComTec; p = 0,22. Při použití přístroje Amicus byl získán nižší objem 
produktu v porovnání s přístrojem ComTec; p = 2×10–7. Množství odebraných kmenových buněk 
bylo v obou skupinách srovnatelné: (5,8 ± 5,7) ×106/ kg pro Amicus a (4,1 ± 3,1) ×106/ kg pro Com­
Tech; p = 0,064. Aby bylo dosaženo optimálního množství kmenových buněk, byla provedena úprava 
vzorce pro odhad TVPB. Závěr: Hodnoty CEC pro oba přístroje byly v obecně akceptovaném rozmezí 
30–50 % a výrazně se nelišily. Nicméně při použití přístroje Amicus bylo dosaženo nižších objemů 
produktu, přičemž ostatní charakteristiky byly srovnatelné. 
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Introduction 
High dose chemotherapy (HDCT) follo­
wed by autologous stem cell transplan­
tation (ASCT) is utilized as a  standard 
treatment for multiple hematological 
malignancies and some solid tumors [1] 
and can significantly improve the sur­
vival of patients [2–6]. To ensure the ef­
fectiveness of graft function and timely 
recovery of hematopoiesis after ASCT, 
a sufficient number of a patient’s stem 
cells need to be collected prior to start­
ing the HDCT (conditioning regimen). 
Hematopoietic stem cells are usually 
mobilized into the peripheral blood by 
a  short course of subcutaneous injec­
tions of granulocyte-colony-stimulat­
ing factor (G-CSF, filgrastim), and then 
collected with one or multiple leuka­
pheresis procedures. According to the 
European Group for Blood and Marrow 
Transplantation (EBMT) recommenda­
tions, in order to guarantee a quick re­
covery of blood counts after transplant, 
the collected peripheral blood stem cells 
(PBSC) should contain  ≥  2×106  CD34+ 
cells/ kg of patient’s body weight [7–9]. 
A  number of factors can influence the 
effectiveness and the duration of PBSC 
apheresis, including the concentra­
tion of hematopoietic stem cells in the 
peripheral blood on the day of collec­
tion, platelet count, hematocrit, blood 
cell separator (BCS) specifications, type 
of software used, the operator’s expe­
rience etc.  [7,9–11]. Before starting the 
apheresis, the total volume of processed 
blood (TVPB), a key parameter, needs to 
be chosen as it can affect both the du­
ration and the efficiency of the proce­
dure. In fact, the choice of an insufficient 
TVPB can lead to the unsuccessful col­
lection, whereas opting for an excessive 
TVPB can affect an already weak patient 
by: prolonging patient’s stay in a forced 
position, and increasing the risk of hy­
pocalcemia/ hypomagnesemia induced 
tetany (without appropriate replace­
ment therapy), or increasing the risk of 
bleeding due to a decrease in the plate­
let count at the end of the apheresis 
procedure [9].

The purpose of our work was to deter­
mine the collection efficiency coefficient 
(CEC) of the PBSC using BCS available 
at the Department of Oncohematology 

of the National Cancer Institute (NCI), 
Ukraine, manufactured by Fresenius 
(ComTec and Amicus), as well as to adapt 
the formula for predicting the TVPB for 
each of the devices.

Materials and methods
The data on the procedure of PBSC 
apheresis in patients of the Department 
of Oncohematology of the NCI from 
2017 to 2020 on the ComTec BCS and the 
Amicus BCS manufactured by Fresenius 
were collected retrospectively. We an­
alyzed the complex impact of the mul­
tiple factors on efficiency of the collec­
tion. These included: demographic (age, 
gender) and disease (diagnosis, disease 
status at the time of collection) charac­
teristics, the TVPB adopted, blood cell 
counts (hematocrit, platelet and leuko­
cyte level) and the level of circulating 
CD34+ cells at the beginning of collec­
tion, and the use of plerixafor [“Mosifer”, 
1.2 mL] prior to collections. The prognos­
tic risk factors for poor mobilization that 
were analyzed were: age > 60 years, ad­
vanced stage of the underlying disease, 
number of previous therapies, prior 
treatment with fludarabine, melphalan 
and lenalidomide, low CD34+ cells level 
before apheresis, and low platelet count 
prior to it [7].

The parameter for starting the apher­
esis was the presence of at least 20 cir­
culating CD34+ cells/ μL, detected in the 
patient’s blood by standard cytofluori­
metric methods on the day of collection. 
The additional use of plerixafor was in­
dicated in patients who had previously 
failed to mobilize sufficient numbers of 
stem cells with standard regimens, or 
collected insufficient numbers of PBSC, 
or in whom the number of circulating 
CD34+ cells/ μL after 4 days of mobiliza­

tion with G-CSF was >10 but < 20 [7]. In 
addition, some patients who initially had 
high risk of poor mobilization were of­
fered the use of plerixafor at the first at­
tempt to mobilize.

The definition of ‘poor mobilization’ 
included either the inability to per­
form apheresis due to low CD34+ cells 
in the peripheral blood after mobili­
zation (< 20 cells/ μL) or the inability to 
collect at least 2×106/ kg CD34+ cells for 
a maximum of four consecutive days of 
apheresis.

The TVPB was chosen independently 
by an experienced operator of a  BCS 
based on a standard approach. For pa­
tients who did not have risk factors for 
poor mobilization and had a  sufficient 
amount of the PBSC (≥ 20 cells/ μL) on 
the day of collection, apheresis was 
used from the TVPB amounting to 2 or 
3 volumes of circulating blood (VCB) of 
a  patient. For patients with a  high risk 
of unsuccessful mobilization apheresis 
with a  larger TVPB was used, equal to 
4 or 5 the patient’s VCB [12–14]. To ob­
jectify the choice of the TVPB by tak­
ing into account the parameters of the 
BCS available in the Department of On­
cohematology, the CEC was analyzed 
retrospectively.

The level of stem cells (SC) of the prod­
uct was determined by flow cytome­
try. The result of the collection was de­
fined as the amount of SC in the product 
per kg of patient’s body weight.

For both BCS, the CEC was calculated 
according to the standard formula 1 [15], 
and the CEC of both separators were 
compared.

The TVPB forecasting formula has 
been adapted for each of the BCS availa­
ble in the department from the standard 
formula 2 [16]

Formula 1. CEC – collection efficiency coefficient, SC – stem cells, TVPB – total volume 
of processed blood, PBSC – peripheral blood stem cells

                      (SC of the product (cells/μL) × volume of the product (mL))
CEC (%) = ——————————————————————————————                         ×  100%
                                                 (TVPB (mL) × PBSC (cells/μL))

Formula 2. PBSC – peripheral blood stem cells, CEC– collection efficiency coefficient, 
TVPB –total volume of processed blood

                                                                          PBSC (cells/μL) × CEC (%)
Result of product ((106 cells)/kg) = ————————————————                        × TVPB (mL)
                                                                                 body weight (kg)
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bilization procedure and collection, in­
cluding the number of patients at risk of 
failed mobilization; the use of plerixafor; 
the selected TVPB and the circulating 
CD34+ cell number on the day of aphere­
sis. The data are presented in Tab. 2. The 
two groups did not differ in the selected 
TVPB, the level of CD34+ cells on the day 
of apheresis and the frequency of the 
use of plerixafor. However, the group of 
patients who were collected using the 
Amicus BCS included a higher number 
of patients with factors associated with 
unsuccessful mobilization: 48.8% vs. 
27.1% (P = 0.05).

Nevertheless, the analysis of grafts 
from each group showed that the av­
erage numbers of the CD34+ cells ob­
tained from both separators were sat­

Results
In this study, we analyzed 92  stem cell 
apheresis procedures from 60  patients 
(28  males and 32  females). The mean 
age of patients was 36.7 ± 12.0 years. The 
apheresis procedures were performed 
using the ComTec (Fresenius Kabi, France) 
device in 32 patients, with a total of 48 pro­
cedures performed; and the Amicus (Fre­
senius Kabi, France) device in 30 patients, 
with a total of 43 procedures. The data on 
patient demographic characteristics, key 
hematological parameters, the distribution 
of diagnoses and the status of the achieved 
response at the time of apheresis in the 
two groups are presented in Tab. 1; the dif­
ferences were not statistically significant. 

We then compared the two groups 
for indicators directly related to the mo­

Statistical data processing was per­
formed using EZR v.1.35 (Saitama Med­
ical Center, Jichi Medical University, 
Saitama, Japan, 2017). Descriptive sta­
tistics methods were used to present 
the results of the study. The arithme­
tic mean is (X), the error of the mean 
is SX, and the standard deviation is σ. 
The differences between samples were 
evaluated by Student‘s parametric crite­
rion. In all cases, the critical level of sig­
nificance is taken at the level 0.05. In the 
analysis of discrete indicators, the com­
parison between the groups was carried 
out by constructing conjugation tables 
and using the exact Fisher or X2-Pearson 
criteria. The pairwise intergroup analy­
sis was performed using the Bonferroni 
amendment.

Tab. 1. Distribution by demographic characteristics, hemogram parameters, diagnosis and disease status.

Parameters Both groups Amicus ComTec

age (years)
36.7 ± 12.0 40.4 ± 12.7 39.0 ± 11.3

P = 0.56

gender*

female 30 (51.6 %) 19 (63.3 %) 13 (40.6 %)

male 22 (48.4 %) 11 (36.7 %) 19 (59.4 %)

P = 0.08

hematocrit (%)
36.4 ± 12.0 40.2 ± 28.0 33.2 ± 12.4

P = 0.21

platelet level  (×10⁹ cells/mL)
101.3 ± 54.8 88.9 ± 55.8 114.3 ± 51.6

P = 0.086

leukocyte level (×10⁹ cells/mL)
33.8 ± 23.1 35.5 ± 18.1 32.3 ± 26.7

P = 0.52

diagnosis*

Ewing‘s sarcoma 1 (1.6 %) 1 (3.3 %) 0 (0.0 %)

Hodgkin lymphoma 31 (50 %) 18 (60 %) 13 (40.6 %)

multiple myeloma 24 (38.7 %) 10 (33.3 %) 14 (43.8 %)

non-Hodgkin lymphoma 6 (9.7 %) 1 (3.3 %) 5 (15.6 %)

P = 0.14

disease status*

complete response 17 (27.4 %) 7 (23.3 %) 10 (31.2 %)

very good partial response 6 (9.7 %) 1 (3.3 %) 5 (15.6 %)

partial response 33 (53.2 %) 17 (56.7 %) 16 (50 %)

minimal response 2 (3.2 %) 1 (3.3 %) 1 (3.1 %)

progression of disease 4 (6.5 %) 4 (13.3 %) 0 (0 %)

P = 0.108

* The following factors like gender, diagnosis, and disease status were calculated not by the number of collection attempts but by 
the number of patients. If one patient passed the collection on both separators, he was considered in both groups.
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isfactory and comparable: (5.8  ±  5.7) 
×106/ kg for Amicus BCS and (4.1 ± 3.1) 
×106/ kg for ComTec BCS (P  =  0.064) 
(Fig. 1, Tab. 3), respectively. However, sig­
nificant differences in the volume of the 
obtained product and the concentration 
of PBSC per unit volume of the product 
were revealed. 

We observed that using the Amicus 
device, the final product had a smaller 
volume (217.4 ± 61.8 mL) compared to 
the ComTec device (367.2  ±  166.6  mL) 
(P  =  0.000). Therefore, the CD34+ cell 
concentrations in the product of the two 

Table 2. Parameters of the PBSC mobilization and collection

Parameters Both groups Amicus ComTec

risk of failed mobilization

no 57 (62.6 %) 22 (51.2 %) 35 (72.9 %)

yes 34 (37.3 %) 21 (48.8 %) 13 (27.1 %)

P = 0.05

TVPB (ml)
12 645.5 ± 3 290.5 12 604.7 ± 3 148.24 12 682.1 ± 3 445.8

P = 0.91

use of plerixafor

yes 10 (11 %) 7 (16.3 %) 3 (6.2 %)

no 81 (89 %) 36 (83.7 %) 45 (93.8 %)

P = 0.18

PBSC (cells/μL) 84.2 ± 81.6 81.6 ± 92.1 86.6 ± 71.9

P = 0.78

TVPB – total volume of processed blood, PBSC – peripheral blood stem cells

Fig. 1. Number of CD34+ cells collected per kilogram of body 
weight of patients for each device.
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Table 3. Results of apheresis.

Parameters Both groups Amicus ComTec

volume of the product (mL)
296.4 ± 148.8 217.4 ± 61.8 367.2 ± 166.6

P = 2×10–⁷

stem cell level in the product 
(cells/μL)

1 540.2 ± 1 663.2 2 107.9 ± 2 162.5 1 031.6 ± 747.4

P = 0.0016

collection (×10⁶ cells/kg)
4.9 ± 4.6 5.8 ± 5.7 4.1 ± 3.1

P = 0.064

TVPB – total volume of processed blood, PBSC – peripheral blood stem cells
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and represents 5–10% of the total vol­
ume of cryopreserved product  [17]. 
Thus, in some patients, the risks asso­
ciated with the DMSO transfusion dur­
ing the SC transfusion were reduced and 
the number of SC transfusion days was  
reduced [17–19].

 In the routine practice of our de­
partment before the conducted anal­
ysis, the TVPB was chosen by the oper­
ator based on the standard approach 
and experience of the operator. Now, 
the calculation in the Excel spreadsheet 
editor is available to determine and 
standardize this parameter prior to the  
procedure. 

Adapting the formula for predicting 
the total blood volume that needs to be 
processed to achieve the optimal num­
ber of stem cells for transplantation re­
quires validation in a prospective study 
and will allow us to determine more ac­
curately the parameters of stem cell 
apheresis in the future. 

Thus, after performing calculations as 
a local practice for performing the PBSC 
apheresis in our department, the Amicus 
device is preferred over the ComTec de­
vice. A prospective evaluation of the ob­
tained data is carried out to further vali­
date the TVPB calculations, as well as to 
optimize current collections.

and the patient‘s weight (kg). The table 
will automatically calculate the TVPB, 
which is required for SC collection of 
2×106/ kg, 3×106/ kg or 4×106/ kg (Fig. 3).

Discussion 
Our analysis showed that when using 
the ComTec and Amicus BCS used in the 
Department of Oncohematology of the 
NCI, the CEC was not less than the gen­
erally accepted range of 30–50% and did 
not differ significantly between the two 
devices. It was noted that in the group 
of patients whose collections were per­
formed on the Amicus BCS, there was 
a higher number of those who had risk 
factors for unsuccessful collection, with 
other comparable indicators and com­
parability of the collection. Such data 
may indicate the feasibility of using this 
device during apheresis in patients at 
higher risk of unsuccessful collection.

The characteristics of the PBSC ob­
tained as a result of apheresis on both 
devices of the product also did not differ 
in most parameters. However, it is note­
worthy that the volume of the prod­
uct, obtained using the Amicus device 
was smaller, which in turn led to the re­
duced use of dimethylsulfoxide (DMSO), 
which is a  necessary reagent during 
the PBSC cryopreservation procedure 

groups were: 2 107.9 ± 2 162.5 cells / μL 
(Amicus) and 1 031.6  ±  747.4  cells/ μL, 
(ComTec), respectively (P = 0.0016). 

The next part of the analysis was the 
CEC calculation for both separators. 
For the Amicus BCS, the mean CEC was 
53.8 ± 36.6%, and for ComTec BCS, it was 
44.2 ± 37.3%, P = 0.22 (Fig. 2). Thus, the 
CEC indicators for both separators were 
comparable and were not lower than 
the acceptable range 30–50% [15].

Further, we adapted the formula used 
to predict expected TVPB that must be 
processed to achieve the optimal num­
ber of PBSC for transplantation; this was 
performed for each of the devices.

Thus, having calculated the CEC for 
each of the devices and the target re­
sult of the collection and patients’ data 
(body weight and number of CD34+ cells 
on the day of apheresis), one can predict 
the required for this TVPB procedure.

To use the formula when planning 
apheresis in each of the patients in Excel 
is convenient, a spreadsheet editor was 
created to be used as an algorithm to 
predict the required TVPB for this pro­
cedure. According to this algorithm, to 
perform calculations in the appropriate 
columns for a given separator that will 
be used, it is necessary to enter the PBSC 
level on the day of collection (cells/ μL) 

Fig. 3. The view of the spreadsheet editor created to predict the required total volume of processed blood before apheresis procedure.
CEC – collection efficiency coefficient, PBSC – peripheral blood stem cells, TVPB –total volume of processed blood
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randomised trial. Lancet 1993; 341(8852): 1051–1054. doi: 
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1540–1545. doi: 10.1056/ NEJM199512073332305.
7. Mohty M, Hübel K, Kröger N et al. Autologous haema-
topoietic stem cell mobilisation in multiple myeloma 
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Conclusion
The CEC for each device was within the 
generally accepted limits of 30–50%, 
and did not differ significantly. Never­
theless, using of the Amicus BCS allowed 
to collect lower volumes of the product, 
maintaining other characteristics of the 
product competitive.
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