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ABSTRACT

Objective: The success of autologus hematopoietic stem cell transplantation relies on
CD34+ cells' availability in peripheral blood (PB), which is affected by several factors as age,
sex, type of the disease, treatments, and others. In that regard, this prospective study aimed
to evaluate the influence of these factors, correlating them with the pre-apheresis CD34+
cell count.

Method: Before autologous hematopoietic stem cell transplantation, CD34+ cells were
quantified in the pre-apheresis PB and the final product. Then, after the determination of
minimum CD34+ value, clinical and laboratory parameters were compared between pa-
tients with higher and lower CD34+ cells count.

Results: Out of the 34 patients, 29 presented more than 20,000 leukocytes/pl. Patients who
failed in the mobilization presented <20,000 leukocytes/ul. There was a significant difference
between the groups with different pre-apheresis CD34+ cells status regarding age (p=0.025),
leukocyte count (p<0.001) and mononuclear cells (p=0.001) in PB. In addition, the pre-apher-
esis CD34+ =14 cells/ul group was related to a better yield of these cells in the final prod-
uct and with the requirement of a single collection to obtain the minimum yield, of 2x106
CD34+/kg.

Conclusion: This study demonstrates age and leukocyte count relate to CD34+ count in PB,
and that CD34+ cells yield in the collection, can be predicted by CD34+ cells frequency in PB.

Keywords: Stem Cells. CD34 positive cells. Autologous Hematopoietic stem cell transplan-
tation. flow cytometry.

INTRODUCTION

Peripheral blood stem cell transplantation is highly
indicated as a therapeutic strategy for patients who
have undergone high doses of chemotherapy for
malignant hematological or solid neoplasms. Fur-
thermore, the success of stem cell transplantation
and grafting depends on the infusion of an adequate
number of progenitor cells '~

Hematopoietic stem cells (HSC) have the capacity
for self-renewal and present proliferative potential,
allowing them to differentiate into progenitor cells

of all blood lineages and the reconstitute the hema-
topoietic population “°. These cells express CD34 on
their cytoplasmatic membrane, which can be used
as a marker to assess this population’.

In unstimulated healthy donors, HSC constitutes
0.01 to 0.1% of peripheral blood cells (PB) and1 to
3% of all bone marrow (BM) cells ¢. However, for au-
tologous transplantation of hematopoietic progen-
itor cells (AHSCT), it is recommended a minimum
dose of 2 x 106 CD34+ cells/kg 7, making it necessary
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to mobilize those cells from the BM. In that sense,
the most commonly used forms of HSC mobilization
from BM to PB is the isolated use of growth factors,
or their combination with chemotherapeutic agents.
Among the available growth factors, the most com-
monly used is the recombinant granulocyte colo-
ny-stimulating factor (G-CSF) #°. Another approach
is the use of plerixafor, which inhibits CXCR4 present
in CD34 + cells, associated with G-CSF '°

Several factors have been reported to affect HSC
mobilization, such as age, sex, type of disease, bone
marrow conditions, prior chemotherapy and radio-
therapy, and stability of peripheral blood CD34 + cell
counts '""'*, Hence, the present study aimed to eval-
uate the influence of the above-mentioned factors
on HSC mobilization, in patients treated with G-CSF
before AHSCT.

Material and Methods

A prospective, non-probabilistic evaluation was per-
formed on 34 patients undergoing HSC mobilization
in the Bone Marrow Transplantation services of the
University Hospital (UFJF) and the Monte Sinai Hos-
pital and Maternity, from February 2016 to July 2017.
This study was approved by the Ethics Committee
on Research in Human Beings of HU-UFJF (CEP HU-
UFJF), embodied report no. 1,419,207 and CAAE
53105615.9.0000.5133.

Patients

Patients undergoing HSC mobilization with G-CSF
were included irrespective of gender, age, or under-
lying diseases. All patients, who accepted to partici-
pate in the study, signed the informed consent form
(ICF). Patients subjected to G-CSF mobilization pro-
tocol while in chemotherapy, or who did not have
the clinical criteria to perform the AHSCT were ex-
cluded.

CD34+ cells quantification

The CD34+ count was performed on the fourth mo-
bilization day, however, the CD34+ value of the first
day of collection was included for data analysis. The
collection started when the CD34 + cell count was
> 10 cells pL in the PB. Nevertheless, when patients
did not reach this value, after 5 days of G-CSF treat-
ment, it was considered a mobilization failure. Quan-
tification of CD34+ cells was performed on a double
platform. The cytometry was carried out on the flow
cytometer Fluorescence-Activated Cell Analyzer,
FACSCalibur, Becton Dickinson (BD), and its analysis
performed on the Cell Quest analysis software ac-

cording to the International Society of Hematology
and Graft Engineering ISHAGEprotocol'*, and the he-
mogram was obtained in the Mindray hematological
counter (BC-2800).

For CD34+ cells quantification, the following anti-
bodies were used: CD45 monoclonal antibody conju-
gated with fluorescein (FITC), monoclonal antibody
CD34 conjugated with phycoerythrin (PE), monoclo-
nal antibody isotype IgG1-PE (negative control). 2 x
106 cells were platted in an adjusted volume of 50 pl
to 100 pl. Two tubes were identified, one as “control”
and another as “patient”, in each 10pl of anti-CD45
antibody were added; in the control tube 10ul of
anti-lgG1 were added, and in the patient tube 10ul
of anti-CD34 were added. The tubes were homog-
enized in vortex and incubated for 20 minutes at
room temperature, protected from light. After the
incubation time, 2 ml of lysing solution were added,
followed by homogenization and 10 minutes incu-
bation, at room temperature, protected from light.
After the incubation period, the cytometer analysis
was performed.

Data analysis

The collected data were gathered for descriptive and
inferential analysis, frequency, median, minimum
and maximum distributions, average, and standard
deviation, presented in tables.

After determining the minimum value of CD34+
cells in the PB, for a sensitivity of 100% by the Receiv-
er Operating Characteristic(ROC) curve (Figure 1),
related to the lower number of collections to obtain
the minimum value for AHSCT (14 CD34 + cells/pl in
PB), two groups were created. Patients with CD34+
cells counting <14 cells/ul and patients with CD34 +
cells = 14 cells/pl were compared regarding the aver-
ages of age, global leukocytes count, mononuclear
cells, platelet count, as well as the yield of CD34 +
cells in the final product, statistical significance was
checked through unpaired Student’s t test. However,
a previous assessment of normality was performed
through the Shapiro-Wilk test and the Levene vari-
ance homogeneity test.

The chi-square test was used in order to associate
categorical variables (CD34+ cells and sex, number
of collections, disease, radiotherapy, chemotherapy
cycles, disease status during mobilization, protocol
number and BM infiltration). The test was chosen ac-
cording to the assumptions of any box in the table of
expected values smaller than 1 and greater than or
equal to 5, in at least 80% of the samples. The associ-
ation with myelotoxic drugs was not tested, as only
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one patient was using such medication. Additionally,
it was also not possible to test the infiltration of BM,
since none of the patients with lymphoma present-
ed BM involvement.

The analyzes were performed in the software Statisti-
cal Package for Social Science® (SPSS) version 17.0. For
the statistically significant values, the p value < 0.05
was considered for rejection of the null hypothesis.

Results

From 34 evaluated patients, only 2 non-Hodgkin
lymphoma patients, aged 38 and 47, have failed
mobilization. The characteristics of the 34 patients,
among which 32 managed to reach a minimum of
2 x 106, are shown in Table 1. The average dose of
G-CSF was 11.4 ug / kg/day.

Among the tested variables (sex, disease, disease sta-
tus, whether the patient was in complete remission
or not, platelet count, previous radiotherapy, previ-
ous chemotherapy protocols, whether the patient
had one or more protocols, number of cycles, mo-
bilization, amount of G-CSF / kg/day) there was no
significant difference between the proposed groups
based on CD34 + cells population. However, the =14
cells/plvalue was associated withthe need for a sin-
gle collection to reach the aim of 2x10° CD34+/kg,
for the AHSCT.

Twenty-nine (85%) patients presented more than
20,000 leukocytes/ul, among which 95% had CD34+
cells count > 14, while only 4,2% of them displayed
lower values. Moreover, the two patients who failed
in the mobilization presented less than 20,000 leu-
kocytes / pl. In addition, patients with CD34+ >14
cells / pl were younger, presenting a difference in the
average of leukocytes and pre-leukapheresis mono-
nuclear cells. (Table 2).

Except for the patients who failed in the mobili-
zation, the CD34 + =14 cells / ul was related to the
need for only one collection and a better yield in the
final product (Table 3), with a significant difference
(p = 0.002) between those which required one col-
lection, compared to the those who needed two or
more. FurthermoreThe number of CD34 + cells in the
final product of apheresis collections was higher in
patients presenting CD34+ >14 cells/uL in PB, when
compared to those with CD34+ < 14 cells/pl, respec-
tively 4.98 x 10 6 and 2.87 x 10 6 CD34+ / kg (p =
0.002). (Table 4)

Discussion

Among the 34 patients, only 2 (5.88%) patients failed
in the mobilization, while no MM patient failed it.
This finding is consistent with others describing the
failure of 5 to 40% of patients ”'°. Although, under-
lying diseases were not related to mobilization fail-
ure, itis noteworthy that the two failing patients had
NHL. On that way, the percentage of failures within
this diagnosis were similar to another Brazilian cen-
ter . According to Stiff et al "%, prior chemotherapy
and radiotherapy impair HSC mobilization, however,
in our study, those factors did not affect the number
of CD34+ cells in post-mobilization PB.

Consistent with the literature, younger patients
demonstrated higher mobilization capacity, with
the average ages of 55 and. 45 years, for the patients
with CD34+<14cells/ul and =14cells/ul respective-
ly. As described, it may indicate that older people
would be more likely to present mobilization failure
than younger people, this probably relates to the
lower marrow reserve, in the older group "', Al-
though young patients have been correlated with a
higher number of CD34+ cells, guide mobilization,
based only on clinical datamay lead to an overtreat-
ment of patients who may be good mobilizers, as
well as to undertreatment of those who fail in the
mobilization.

The average global leukocyte count among individ-
uals with CD34+cell =14 cells/ul was higher than in
those with a <14 cells/pl count, showing an asso-
ciation between global leukocyte and CD34+cells
counts (p <0.001). In that regard, studies show there
is little correlation between leukocytes count in PB
and the number of CD34+ cells in PB, and our find-
ings allow us to conjecture that the initial dosage of
CD34 associated with less than 20,000 leukocytes/
mm3 would be unproductive, and would end up
making the process more expensive *°.

Among the leukocytes, the PB mononuclear pop-
ulation was higher in the CD34+ cells>14 cells/pl
group (p = 0.001). However, there are no reports of
this correlation, and it can be important to guide a
pre-selection of patients to undergo CD34 count,
optimizing the mobilization process *'.

According to the consensus of the American Society
for Blood and Marrow Transplantation (ASBMT), the
minimum cell value for performing AHSCT is 2x10°
CD34 + cells/kg, however the decision to perform
the AHSCT between 1x 0° and 2x10° CD34 + cells/
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kg can be taken according to the patient, still there is
aim for3x106 [10]. In that way, higher CD34+ yield in
the final apheresis product associatiated with CD34+
> 14 cells/uL cells in peripheral blood (p = 0.002),
demonstrating the importance of the CD34+ cells
count during mobilization for a suitable final prod-
uct, as demonstrated in other studies '*'2,

Sixty-seven percent of patients with CD34+ > 14
cells/uLin PB achieved the minimum counts required
for AHSCT with a single collection, while all patients
with less than 14 CD34 + cells/uL cells performed
two or more collections. This data reinforces the im-
portance of CD34+ cells count on mobilization, as a
success predictor in the collection of hematopoietic
stem cells from peripheral blood (HSCPB).

Based on our findings and the literature, the use of
CD34+ cells counts to guide interventions, to avoid
mobilization failures and improve the yield of the fi-
nal product, should be encouraged. Nevertheless the
two patients who failed mobilization were subjected
to one collection which enabled the AHSCT, after a
second mobilization with cyclophosphamide and
G-CSF, however t the use of chemotherapy increases
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TABLE 1 - Socio-demographic, clinical and laboratory data of patients subject to G-CSF
mobilization protocol, in order to achieve optimum CD34+ countings in PB.

VARIABLES TOTAL MOBILIZED
Age
Average 49,5 (14 - 69) 52,5(14-69)
Sex
Male 18 (52,9%) 18 (56,3%)
Female 16 (47,15%) 14 (43,7%)
Transplant Center
University Hospital - UFJF 22 (64,7%) 20 (62,5%)
Monte Sinal Hospital 12 (35,3%) 12 (37,5%)
Disease
MultipleMyeloma 23 (67,6%) 23 (71,9%)
Lymphomas 11(32,4%) 9 (28,1%)
Disease Status in Mobilization
Complete remission 15 (44,1%) 14 (43,8%)
Without complete remission 19 (55,9%) 18 (56,2%)

Number of prior chemotherapy regimens

1

25 (73,5%)

25 (78,1%)

=2

9 (26,5%)

7 (21,9%)

Number of Cycles

Average

6(3-15)

5(3-15)

Radiotherapy

Yes 12 (35,3%) 11 (34,4%)
No 22 (64,7%) 21 (65,6%)
G-CSF/Kg/day
11,3(10-19,6) 11,3(10-14)
Average
Interval between start of mob. CD34+ peak (days)
4(3-6) 4(3-6)
Average
Apheresis number
1 collection 16 (50%) 16 (50%)
>2 collections 16 (50%) 16 (50%)

Ne of leukocytes in PB pre-leukoapheresis (pL)

Average

30.750 (4.900 - 70.600)

32.600 (5.300 - 70.600)

N° CD34+ cells in PB pre-leukoapheresis (pL)

Average

22(2-98)

22,5(9-98)

N° of mononuclear cells in PB pre-leukoapheresis (pL)

Average

3.900 (1300 - 16.600)

4.200 (1.700 - 16.600)

Ne of platelets in PB pre-leukoapheresis (pL)

Average

182.000 (29.000 - 335.000)

182.000 (29.000 -
335.000)

Ne of CD34+ in final product

Average

4,07 (1,51-12,41)

4,07 (1,51-12,41)
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TABLE2 - Comparison between the designated groups according to their amount of CD34+ cells
in PB (< 14 cells/pl and > 14 cells /pl), regarding the factors which can influence the quantity of
recovered cells.

Variable CD34 "l;I,:) eor:lpherlal N Average Standard deviation p-value
< 14 cells/pl 10 55,3 9,0 0,025*
Age
> 14 cells /ul 24 45,2 15,7
< 14 cells /ul 10 17860,0 7486,6 <0,001*
Global LeucocyteCount
> 14 cells /ul 24 38033,3 13807,2
<14 cells /ul 10 2922 1032,64 0,001*
Mononuclear cells
> 14 cells / pl 23 5898 3730,05

*p-value obtained via T Student’s Test.

TABLE3 - Comparison between the designated groups according to their amount of CD34+ cells
in PB (< 14 cells/ul and = 14 cells /ul) and association with the number of apheresis required to

achieve optimal CD34+ cells counting.

14cells/pl chs4
< 14cells/p N
>14 cells/yl Total p value
Counting 0 16 16
1 apheresis .
Number of collections % inside CD34 0,0% 100,0% 100,0%
performed - 0,002
Counting 8 8 16
= 2 apheresis
% inside CD34 50,0% 50,0% 100,0%

*p-value obtained via Chi-Square test

TABLE 4 — Association between the amount of CD34+ cells in PB and the quantity of these cells
recovered in the FP.

Average Standard M
D34 N (CD34 x 106/Kg) deviation p value
<14 CD34+/pL 8 2,87 1,03
CD34 Final Product 0,002
>14 CD34+/uL 24 4,98 2,41

*p-value obtained via T Student’s test




