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Abstract 

Background: Autologous stem cell transplantation (ASCT) is currently a gold standard treatment for eligible multiple myeloma (MM) 
patients. The recommended dose of CD34+ hematopoietic progenitor cells (HPCs) for adequate engraftment is above 2 × 106 cells/kg.   
Objectives: This study aimed to evaluate the relationship between the number of CD34+ HPCs and the survival in MM patients who 
underwent ASCT in the Hematology Department of Abdurrahman Yurtaslan Ankara Oncology Training and Research Hospital, Ankara, 
Turkey. 
Methods: The statistical population of this consisted of 200 MM patients who underwent ASCT within 2009-2019. The clinical 
characteristics of the patients, disease status pre-SCT, number of infused CD34+ cells, neutrophil, and platelet engraftment days were 
recorded. The patients were divided into two groups, based on whether the re-infused CD34+ HPCs dose was < 5 × 106 cells/kg (Group 1) 
or ≥ 5 × 106 cells/kg (Group 2). The groups were compared in terms of engraftment and overall survival (OS) times.   
Results: A total of 200 patients were included in our study. Group 1 (n=125) included patients with < 5 × 106 cells/kg CD34+ HPC re-
infusion, and Group 2 (n=75) consisted of patients with ≥ 5 × 106cells/kg CD34+ HPC re-infusion. The patients’ median age scores in Group 
1 and Group 2 were 57 (25-71) and 56 (33-72) years, respectively. The median follow-up period was 33 months (6-130). The median OS 
of all patients was 71 months (95% confidence interval, 59.1-82.9). The median neutrophil and platelet engraftment times were similar 
between the groups (P=0.4 and P=0.4, respectively). In both groups, the median OS time was 71 months (P=0.8), which was similar.  
Conclusion: The greater number of CD34+ HPCs re-infusion for ASCT after high dose melphalan chemotherapy in MM patients did not 
affect platelet and neutrophil engraftment time and OS; therefore, this amount of reinfusion was not required. 
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1. Background 

Multiple myeloma (MM) constitutes about 10% 
of hematologic malignancies and approximately 1% 
of all malignancies (1). High-dose melphalan and 
autologous stem cell transplantation (ASCT) is the 
standard treatment strategy in MM for eligible 
patients (2). 

The number of CD34+ hematopoietic progenitor 
cells (HPCs) that can be mobilized in ASCT depends 
on various factors, including the underlying disease, 
such as MM, non-Hodgkin lymphoma, and Hodgkin 
lymphoma (3). The generally accepted minimum 
number of CD34+ cells for promoting ASCT in MM is 
2 × 106 cells/kg (3). The results of studies show that 
the administration of < 5 × 106 cells/kg of CD34+ 
HPCs prolongs engraftment time and mainly affects 
platelet recovery in an adverse way (4-6). However, 
higher yields of 5 × 106 CD34+ cells/kg are aimed at 
many centers since they are associated with faster 
neutrophil and platelet recovery, also reducing 

hospitalization, and even influencing survival (4-7). 
The relationship of the number of CD34+ HPCs 
administered in the first stem cell transplant with 
neutrophil, platelet engraftment, and survival was 
controversial in the literature (4-6). As a result, 
stem cell mobilization and ASCT are considered 
complex processes involving many procedures and 
treatment applications. For this reason, our study 
carries the advantage of a unicenter study with the 
established staff and a standard conditioning 
regimen (i.e., melphalan) and standard operating 
procedures. 

 

2. Objectives 

This study aimed to evaluate the relationship of 
the number of CD34+ HPCs with the duration of 
engraftment and survival in patients with MM who 
underwent ASCT at the Hematology Department of 
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Abdurrahman Yurtaslan Ankara Oncology Training 
and Research Hospital, Ankara, Turkey. 

 

3. Methods 

3.1. Patients 
This study included 200 MM patients who 

underwent ASCT at the Hematology Department of 
Abdurrahman Yurtaslan Ankara Oncology Training 
and Research Hospital between 2009 and 2019. 
Only patients with a single ASCT were included in 
the study. Patients with double ASCT and allogeneic 
stem cell transplants were excluded from the 
research.  

All patients received median 4 cycles (range: 2-
12) of bortezomib and dexamethasone; bortezomib, 
cyclophosphamide, dexamethasone; bortezomib, 
dexamethasone, and thalidomide; bortezomib, 
dexamethasone, thalidomide, cisplatin, doxorubicin, 
cyclophosphamide, and etoposide; bortezomib, 
lenalidomide, and dexamethasone; bortezomib, 
lenalidomide, dexamethasone, cisplatin, doxorubicin, 
cyclophosphamide, and etoposide; bortezomib, 
melphalan, and prednisone;  lenalidomide plus low-
dose dexamethasone or vincristine, doxorubicin, 
dexamethasone chemotherapy during the pre-
bortezomib era, 28-day schedules for induction 
chemotherapy for MM.  The patients were divided 
into two groups according to the given number of 
CD34+ HPCs. Group 1 (n=125) and Group 2 (n=75) 
consisted of patients with the re-infusions of CD34+ 
HPC of < 5 × 106 cells/kg and CD34+ HPC ≥ 5 × 106 

cells/kg, respectively. All the data were analyzed 
retrospectively. 

As a standard of care/action of the hospital of 
Abdurrahman Yurtaslan Ankara Oncology Training 
and Research, all ethical considerations were 
strictly followed, and all of the patients gave their 
informed consent for the procedure at the time of 
hospitalization and before the administration of 
chemotherapy and other relevant diagnostic/ 
therapeutic procedures under the Declaration of 
Helsinki (ethical approval number: 2020-10/852). 

 
3.2. Stem Cell Mobilization 

During stem cell mobilization for ASCT, stem 
cells were collected from 157 patients only by 
granulocyte colony-stimulating factor (G-CSF). 
Biosimilars equivalent to G-CSF, especially 
filgrastim or lenograstim, were also used, and 2 × 
5 mcg/kg G-CSF was given subcutaneously for at 
least 4 days. 

Other patients were collected with 
cyclophosphamide + G-CSF (n=31) and plerixafor + 
G-CSF (n=12) due to mobilization failure with G-CSF 
alone. 

 
3.3. Response 

The neutrophil engraftment time was accepted 

as the first day of 3 consecutive days with an 
observed absolute neutrophil count of ≥ 0.5 × 109 

/L. The platelet engraftment time was regarded as 
the first day of 3 consecutive days with platelet 
count measured at the value of ≥ 20 × 109 /L 
without the need for transfusion. 

 
 

3.4. Endpoints 
The primary aim of this study was to 

demonstrate the relationship of the amount of 
CD34+ HPCs with the duration of platelet and 
neutrophil engraftment. The secondary endpoint 
was to investigate the effect of the infused CD34+ 
HPCs count at the 5 × 106 cells/kg cut-off value on 
the long-term overall survival (OS). 

 
3.5. Statistics 

The collected data were analyzed in IBM SPSS 
Statistics for Windows (Version 26.0. Armonk). 
Descriptive statistics were utilized to display 
patient and disease characteristics. Continuous 
variables were presented as median (minimum-
maximum) and categorical variables were 
presented as numbers and percentages.  The 
continuous variables were tested for normality 
using a histogram and Kolmogorov-Smirnov test. 
The Chi-square and Mann-Whitney U tests were 
used for categorical variables and non-parametric 
continuous variables, respectively, for comparisons 
among the groups. Spearman test was performed to 
assess if any significant correlation existed between 
CD34+ and engraftment times. Kaplan-Meier 
survival analyses were conducted to estimate OS. 
Log-rank test was utilized to evaluate the effects of 
the number of CD34+ HPCs groups on OS. The p-
value of ≤ 0.05 was regarded as statistically 
significant. 

 

4. Results 

4.1. Patients’ Characteristics 
A total of 200 patients were included in our 

study, divided into Group 1 (n=125) and Group 2 
(n=75). The median infused number of CD34+HPCs 
was obtained at 4.62 × 106 cells/kg (2.3-9.3×106 

cells/kg). The median age of the included patients 
was estimated at 57 (25-72) years, with the median 
age scores of 57 (25-71) and 56 (33-72) years for 
patients in Group 1 and Group 2, respectively. The 
clinical baseline characteristics of both groups are 
presented in Table 1. 

 
4.2. Hematologic Recovery 

The median scores of platelet and neutrophil 
engraftment time were calculated at 12 days (7-24) 
and 11 days (9-21) for the whole patients, 
respectively. Engraftment failure was not observed 
in the cohort. The median scores of neutrophil  
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Table 1. Patients’ characteristics based on reinfused CD34+ HPC levels 

Factors CD 34 < 5×106 (n=125) CD 34 ≥ 5×106 (n=75) P-value 
Age 57 (25-71) 56 (33-72) 0.9 
Gender (M/F) 72/53 46/29 0.6 
MM subtype   0.8 

IgG kappa 40 (32%) 29 (38.7%)  
IgG lambda 24 (19.2%) 16 (21.3%)  
IgA kappa 19 (15.2%) 6 (8%)  
IgA lambda 11 (8.8%) 6 (8%)  
IgD kappa 1 (0.8%) 1 (1.3%)  
IgD lambda 1 (0.8%) 1 (1.3%)  
Kappa light chain 17 (13.6%) 12 (16%)  
Lambda light chain 12 (9.6%) 4 (5.3%)  

Pre-transplant response   0.6 
CR 43 (34.7%) 30 (40%)  
VGPR 39 (31.5%) 19 (25.3%)  
PR 30 (24.2%) 22 (29.3%)  
Stable disease 9 (7.3%) 3 (4%)  
Refractory 3 (2.4%) 1 (1.3%)  
N/A 1   

Post-transplant response   0.3 
CR 67 (77.9%) 52 (82.5%)  
VGPR 8 (9.3%) 4 (6.3%)  
PR 6 (7%) 7 (11.1%)  
Stable disease 2 (2.3%) 0  
Refractory 3 (3.5%) 0  
N/A 39 12  

Radiotherapy 16 (14%) 8 (10.8%) 0.5 
Chemotherapy cycle (≥2) 74 (60.2%) 49 (65.3%) 0.5 
M: male, F: female, MM: Multiple myeloma, Ig: Immunoglobulin, CR: Complete remission, VGPR: Very good partial remission, 
PR: Partial remission, N/A: Not available 

 
engraftment time were 11 days (9-19) and 11 days 
(9-21) in Group 1 and Group 2, respectively; 
therefore, no statistically significant differences 
were obtained (P=0.4). 

Furthermore, median scores of platelet 
engraftment time were similar in Group 1 and 
Group 2 (12 (7-23) days and 12 (9-24) days, 
respectively; P=0.4) (Table 2). The analysis of 
CD34+ cell count was conducted for the correlation 
with neutrophil and platelet engraftment times; 
however, no significant correlation was observed 
(0.07 and 0.75, respectively). 

 

4.3. Overall Survival     
The median follow-up period of the patients was 

33 months (6-130). During follow-up, 33 (23%) and 
30 (40%) patients in Group 1 and Group 2, 
respectively, passed away. The mortality rate related 
to the 100-day transplantation was obtained at 2% 
(4 patients passed away). The median OS for all 
patients was estimated at 71 months (95% 
confidence interval [CI], 59.1-82.9). The median 
scores of OS were 71 (63.6-78.4) months and 71 
(38.9-103.1) months for patients in Group 1 and 
Group 2, respectively (P=0.8) (Table 3 and Figure 1). 

 

Table 2. Engraftment time and CD34+ 

 
CD 34+ <5×106 cell/kg 

(n=125) 
CD34+ ≥5×106 cell/kg 

(n=75) 
CD34+ cell/kg P-value 

Neutrophil engraftment time (days) 11 (9-19) 11 (9-21) r=0.162 0.4; 0.07 
Platelet engraftment time (days) 12 (7-23) 12 (9-24) r=0.03 0.4; 0.75 
Mann-Whitney U test was used to compare CD34+ groups and the Spearman test was used to assess the correlation between CD34+ and 
engraftment times. 
r = correlation coefficient, *p-value of <0,05 significant  

 
Table 3. Overall survival of the patients 

 CD 34+ <5×106 (n=125) CD34+ ≥5×106 (n=75) P-value 
Overall survival (months) 71 (63.6-78.4) 71 (38.9-103.1) 0.8 
Median follow-up: 33 months (6-130), Median overall survival: 71 months (95 CI%, 59.1-82.9)  

5. Discussion 

Currently, the standard treatment for MM 
patients suitable for transplantation is ASCT with 
high-dose melphalan after induction therapy (1). 
Though standard, the procedure is still challenged 

by inevitable relapses threatening long-term 
remissions (8). Since MM is a relapsing disease, 
CD34+ HPCs are needed for subsequent ASCT. 
Therefore, excess CD34+ HPCs should be collected 
in the first stem cell mobilization (9). The 
relationship of the number of CD34+ HPCs  
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Figure 1. Kaplan-Meier Survival graph showing the difference in OS among patients with the 
infusion of above and below 5 × 106 cells/kg CD34+ HPC (P=0.8)  

 
administered in the first stem cell transplant with 
neutrophil, platelet engraftment, and survival was 
controversial in the literature (4-6). As a result, 
stem cell mobilization and ASCT are complex 
processes involving many procedures and 
treatment applications. For this reason, our study 
carried the advantage of a unicenter study with the 
established staff and a standard conditioning 
regimen (i.e., melphalan) and standard operating 
procedures.  

In a study, the median OS times was 
demonstrated as 103 months (11-144) and 145 
months (123-166) for patients who were 
administered < 5 × 106 cells/kg and ≥ 5 × 106 
cells/kg of CD34+ HPCs, respectively (P=0.009) (4). 
Moreover, it was observed that doses of CD34+ cells 
exceeding 6 × 106 cells/kg were associated with 
faster hematopoietic recovery and improved OS (5, 
10). In some studies, a high number of re-infused 
CD34+ HPCs was reported to reduce hospitalization 
by shortening the engraftment time (11, 12). 
Nevertheless, the results of another study showed 
that a CD34+ HPCs administration of 2.5-5 × 106 
cells/kg or 5 × 106 cells/kg did not provide any 
difference in survival (P=0.186) (13). In our study, 
the CD34+ HPCs dose above 5 × 106 cells/kg 
threshold was demonstrated not to impact the OS 
positively. 

In one study, a negative significant correlation 
was revealed between the number of re-infused 
CD34+ HPCs and neutrophil/platelet engraftment 
times (r=-0.32, P≤0.001; r=-0.27, P≤0.001, 
respectively) (4). In our study, no significant 
correlation was observed between the 
neutrophil/platelet engraftment time and the 
number of CD34+ HPCs. This discrepancy in the 
outcomes might be attributed to the number of 
patients relative to our research with that in the 
previous study (<5×106 cells/kg CD34+ HPCs 62.5% 

and 38%, ≥5×106 cells/kg CD34+ HPCs 37.5% and 
60%, respectively) (11). 

The International Myeloma Working Group 
states that the aim should be to collect a minimum 
of 4 × 106 CD34+ cells/kg. They suggest collecting an 
average of 8-10 × 106 CD34+ cells/kg, if possible (9). 
This is because these goals can allow most patients 
with myeloma to undergo at least two autografts 
with an optimal dose of CD34+ cells during their 
disease (9).  In our study, the administration of > 5 
× 106 CD34+ cells/kg did not affect the platelet and 
neutrophil engraftment time and OS. Therefore, 
since MM is a recurrent disease, excess CD34+ HPC 
should be collected in the first stem cell 
mobilization; however, 2-5 × 106 CD34+ cells/kg 
should be re-infused; as a result, stem cells will be 
available for a chance of having second 
transplantation in case of recurrence. 

 

6. Conclusion 

Based on the result, stem cell mobilization and 
ASCT were found complex processes involving 
many procedures and treatment applications. The 
greater number of CD34+ HPCs re-infusion for ASCT 
after high-dose melphalan chemotherapy in MM 
patients did not affect platelet and neutrophil 
engraftment time and OS; therefore, this amount of 
reinfusion was not required. 
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