JBUON 2021; 26(3): 1080-1087
ISSN: 1107-0625, online ISSN: 2241-6293 • www.jbuon.com
Email: editorial_office@jbuon.com

ORIGINAL ARTICLE

Comparison of peripheral blood stem cell mobilization with
filgrastim versus pegfilgrastim in lymphoma patients – single
center experience
Lavinia Lipan1, Andrei Colita2,3, Laura Stefan1, Carmen Calugaroiu4, Catalin Serban5, Ciprian
Tomuleasa6, Sergiu Pasca6, Anca Colita1,7, Alina Tanase1,8
Department of Stem Cell Transplantation, Fundeni Clinical Institute, Bucharest, Romania. 2Department of Hematology, Coltea
Hospital, Bucharest, Romania. 3Department of Hematology, Carol Davila University of Medicine and Pharmacy, Bucharest,
Romania. 4Hematopoietic Stem Cell Bank, Fundeni Clinical Institute, Bucharest, Romania. 5Immunophenotyping Laboratory,
Fundeni Clinical Institute, Bucharest, Romania. 6Department of Hematology, Ion Chiricuta Oncology Institute, Cluj Napoca,
Romania. 7Department of Pediatrics, Carol Davila University of Medicine and Pharmacy, Bucharest, Romania. 8Department of
Hematology, Titu Maiorescu University of Medicine, Bucharest, Romania.
1

Summary
Purpose: The purpose of this study was to evaluate mobilization outcomes with biosimilar pegfilgrastim versus filgrastim in association with chemotherapy as a mobilization
strategy for lymphoma patients.

univariate and multivariate logistic models. Additionally,
similar efficacy, as mobilization rate, after both filgrastim
and pegfilgrastim was observed and no differences were noted
between the two groups considering the need for platelet or
red blood cell support.

Methods: In the current study we included 32 lymphoma
patients that received mobilization therapy and PBSC har- Conclusion: The use of biosimilar pegfilgrastim is a viable
vesting at the Bone Marrow Transplantation Department alternative to filgrastim in PBSC mobilization for lymphoma
of Fundeni Clinical Institute, Bucharest, Romania between patients.
January and December 2019.

Results: Pegfilgrastim had beneficial effect when compared Key words: filgrastim, pegfilgrastim, biosimilar, mobilizato filgrastim in reducing grade IV neutropenia both in the tion, apheresis

Introduction
Autologous hematopoietic stem cell transplantation (ASCT) is used as a standard therapeutic procedure in several clinical situations. These
situations include eligible lymphoma patients after first-line chemotherapy failure, patients with
relapsed/refractory disease or as a consolidation
after the first remission in mantle cell lymphoma
patients [1]. In 2018, more than 8700 ASCT were
performed for lymphoma patients according to the
European Society of Blood and Marrow Transplan-

tation Group (EBMT) activity survey. In almost all
cases, peripheral blood stem cells (PBSC) were used
[2]. Under normal conditions, the number of the
circulating cells needed for this procedure is very
low. Because of this, interventions are needed in
order to “mobilize” hematopoietic stem cells into
peripheral blood in sufficient numbers to allow a
sufficient number to be harvested by leukapheresis and, thus sustain hematopoietic reconstitution after transplantation [3]. There is a demon-
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strated correlation between the number of PBSC
harvested and infused and post-ASCT outcome
with the minimum recommended PBSC dose being 2-2.5×106 CD34+ cells/kg. Studies have shown
that using a number of PBSC below this threshold
leads to delayed neutrophil and platelet recovery,
increased red blood cells transfusion requirements
and permanent loss of engraftment [4-10]. On the
other hand, PBSC doses over 3-5×106 CD34+ cells/
kg are associated with improvement in neutrophil
and platelet recovery [4,5,10].
In the current clinical practice, there are three
types of approved approaches used for mobilization. These are represented by: myeloid growth
factors like granulocyte colony stimulating factor
(G-CSF) or granulocyte macrophage colony stimulating factor (GM-CSF); chemotherapy followed by
growth factor administration and the combination
of G-CSF with the CXCR4 antagonist plerixafor
[3,4,11]. Thus, it can be observed that a myeloid
growth factor is present in all mobilization approaches and can be considered as an essential step
in this procedure.
The administration of growth factors reduces
the neutropenic period following chemotherapy
and thus the infection risk. Even more, they also
stimulate mobilization by inducing cleavage of
adhesion molecules by bone marrow proteases
[3,12,13]. Filgrastim is the G-CSF widely used as
standard and recommended in evidence-based
guidelines for PBSC mobilization [14,15]. Given
the short half-life of G-CSF of approximately 4 h,
it requires a multi-injection administration regimen of 5-15 μg/kg/day starting at 1-6 days after
chemotherapy which continues until leukapheresis
is performed. This negatively impacts convenience
and comfort for patients and staff [3,14-16]. Pegfilgrastim is a pegylated formulation G-CSF which
has a reduced renal clearance and enzymatic degradation resulting in a longer plasmatic half-life of
33 h. Thus, after a single dose of 6 mg therapeutic
serum levels of G-CSF are maintained over a period
of 14 days [3,14,16-19].
Considering these pharmacokinetic properties,
pegfilgrastim has been evaluated as an alternative
to non-pegylated G-CSF for the mobilization of
PBSCs for ASCT by multiple experimental studies
and comparative clinical studies. The analysis of
several aspects such as apheresis efficiency, CD34+
cell yield, neutrophil recovery, pegfilgrastim dosage have led to conflicting results [3,20-27].
Given the controversial data in the literature,
we conducted a prospective analysis to evaluate
mobilization outcomes with pegfilgrastim versus
filgrastim in association with chemotherapy as a
mobilization strategy for lymphoma patients.
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Methods
This was a prospective, comparative, interventional
and open-label study.
Patients
In the current study we included lymphoma patients
that received mobilization therapy and PBSC harvesting at the Bone Marrow Transplantation Department of
Fundeni Clinical Institute, Bucharest, Romania, between
January and December 2019.
The study was performed in accordance with the declaration of Helsinki and was approved by the Ethics Committee of Fundeni Clinical Institute (55623/21/12/2018;
21887/02.05.2019). Blinding was not performed, with
patients being able to choose either pegfilgrastim or
filgrastim.
PBSC mobilization and processing
Mobilization regimens used in our study were IGEV
(Ifosfamide 2000 mg/mp days 1-4; Gemcitabin 800 mg/m2
day 1 and day 4; Vinorelbin 20 mg/m2 day 1; Dexamentazone 40 mg/day days 1-4), or DHAP (Cisplatin 100 mg/mp
day 1; Cytarabine 2 g/m2 BID day 2; Dexametazone 40
mg/day, days 1-4).
Pegfilgrastim (PelgrazR-Accord Healthcare’s) was
given as a single dose of 6 mg on day 5, while filgrastim
(AccofilR-Accord Healthcare’s or ZarzioR-Sandoz GmbH)
was given at 10-15 mg/kg/day from day 5 onward until
stem cell harvesting.
The PBSC count was started at a white blood cell
(WBC) count in peripheral blood of>0.4×106/L. The PBSC
count was determined using a Navios Flow Cytometer
from Beckman Coulter system, Navios Cytometer 1.2
soft according to the International Society of Hematotherapy and Graft Engineering guidelines [28]. Apheresis
was started at PBSC count of>2×106/L in the peripheral
blood. Harvesting was performed using Cobe Spectra
or Optia Spectra apheresis equipment. Apheresis was
continued until the collection of a minimum target of
>2×106 CD34+ cells/kg of body weight.
After harvest, PBSCs were cryopreserved in liquid nitrogen at -196°C or electric freezer at -80°C for a
maximum of 6 months. Viability check of PBSC was performed using 7AAD (7-Aminoactinomycin D) staining.
Study definitions
We collected the following data from our patients:
gender, age, weight, diagnosis, stage, disease status,
mobilization failure, days from stimulation to harvest,
peak of absolute CD34+ cells, percent of CD34+ cells in
harvest, total blood volume processed, WBC in peripheral blood at apheresis, WBC in apheresis, CD34+ cells
in harvest, days between chemotherapy and harvest,
number of prior treatment cycles, use of radiotherapy,
occurrence of grade IV neutropenia, duration of grade IV
neutropenia, occurrence of febrile neutropenia, need for
red blood cell (RBC) support, need for platelet support
and the use of plerixafor.
The study endpoints were the following: apheresis
efficiency, CD34+ cell yield, grade IV neutropenia ocJBUON 2021; 26(3): 1081
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currence, febrile neutropenia occurrence, need for red
blood cell transfusion, need for platelet transfusion, use
of plerixafor.
Disease status was defined as complete remission
(CR) if the tumor lesions were not observable and the
patient did not present lymphoma-associated symptomatology. Partial remission (PR) was defined as the
reduction of the lesions with at least 50%. Progressive
disease (PD) was defined if any of the following was
present: appearance of any new lesion of >1.5 cm in longest diameter, an increase of at least 50% from nadir in
the sum of the products of the longest perpendicular
diameters of any previously involved lymph nodes or
at least a 50% increase in the longest diameter of any
single previously identified node >1 cm in its long axis.
Staging defined in accordance with the Ann Arbor
criteria [29] was performed at diagnosis.
Grade IV neutropenia was defined as an absolute
neutrophil count under 500/mm3 according to CTCAE
criteria.
Statistics
Data analysis was performed using R 4.0.1 (R Foundation for Statistical Computing, Vienna, Austria). Categorical variables were presented as absolute value (percent). Contingency tables were analyzed using Fisher’s
test. Shapiro-Wilk test and histogram visualization were
used to determine the normality of the distribution. The
sample size was also taken into consideration when assessing normality of the distribution. Non-normally distributed variables were presented as median (quartile 1,
quartile 3). Mann-Whitney-Wilcoxon test was used when
assessing the differences between two non-normally dis-

tributed groups. The univariate logistic model was used
to determine the variables that significantly influenced
an endpoint. Variables that presented a p value under
0.1 in the univariate logistic model were used in the
multivariate logistic model. A p value under 0.05 was
considered statistically significant. A p value between
0.05 and 0.1 was considered to have a tendency for statistical significance.

Results
We enrolled 32 patients from the above-mentioned center, diagnosed with lymphoma, aged 1865 years. One transferred patient that did not have
enough information was removed from the cohort.
Thus, in the present study we included 31 patients.
No infections were observed in this cohort. In all
patients that were successfully stimulated one
leukapheresis was needed. The initial characteristics of these patients are presented in Table 1. The
main difference between the two groups considering these variables was represented by the fact that
patients receiving filgrastim also had a higher number of therapy cycles in their history. Added to this,
although only with a tendency for statistical significance, patients receiving filgrastim had a lower
weight compared to those receiving pegfilgrastim.
The differences in mobilization and harvest
results between the two groups are presented in
Table 2. We observed that patients that received filgrastim had a higher WBC count in the peripheral

Table 1. General characteristics of the cohort and differences between filgrastim and pegfilgrastim
Variable
Male gender

Overall (n=31)
n (%)

Filgrastim (n=20)
n (%)

Pegfilgrastim (n=11)
n (%)

p value

14 (45.2)

8 (40.0)

6 (54.5)

0.478

Age (years)

41 (28, 52)

40 (31, 50)

42 (33, 48)

0.772

Weight (kg)

69 (63, 78)

68 (65,73)

77 (69,83)

0.057

12 (38.7)

9 (45.0)

3 (27.3)

T-NHL

6 (19.4)

3 (15.0)

5 (45.5)

HL

13 (41.9)

8 (40.0)

3 (27.3)

Diagnosis
B-NHL

0.631

Stage

0.928

1

1 (3.2)

1 (5.0)

0 (0)

2

8 (25.8)

5 (25.0)

3 (27.3)

3

11 (35.5)

6 (30.0)

5 (45.5)

4

11 (35.5)

8 (40.0)

3 (27.3)

CR

11 (35.5)

6 (30.0)

5 (45.5)

PR

18 (58.06)

12 (60.0)

0 (0)

PD

2 (6.5)

2 (10.0)

6 (54.5)

Prior treatment

9 (7,11)

10 (8, 11)

6 (2, 8)

<0.01

9 (29)

7 (35.0)

2 (18.2)

0.429

Disease status

Previous RT
RT: radiotherapy
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Table 2. Mobilization and harvest results and differences between filgrastim and pegfilgrastim
Variable

Overall (n=31)

Filgrastim (n=20)

Pegfilgrastim (n=11)

p value

Mobilization failure, n (%)
3 (9.7)
2 (10.0)
1 (9.1)
1
Stimulation to harvest (days)
7 (6, 8)
8 (6, 8)
7 (6, 8)
0.767
Peak of absolute CD34+ cells (IL)
69.5 (35.0, 107.0)
72.0 (38.0, 113.0)
43 (28.8, 95.0)
0.615
Percent of CD34+ in harvest
2.1 (0.9, 2.8)
1.9 (1.1, 2.4)
2.5 (0.8, 2.9)
0.533
Total blood volume processed (mL)
13.941 (11.301, 15.445) 12.914 (11.217, 15.132) 15.203 (12.290, 16.815) 0.172
WBC in peripheral blood at aphersis (/mmc)
10.27 (7.18, 18.98)
15.65 (9.37, 21.46)
8.18 (5.17, 9.36)
0.040
WBC in apheresis (/mmc)
126.06 (76.33, 168.98) 128.53 (91.49, 169.22) 122.35 (59.60, 140.60) 0.348
CD34+ cells harvest (10^6/kg)
7.01 (4.62, 9.69)
7.74 (4.85, 9.77)
5.95 (3.67, 9.06)
0.429
Time between chemotherapy and harvest (days)
11 (10, 12)
12 (10, 12)
11 (10, 11)
0.085
Grade IV neutropenia, n (%)
21 (67.7)
18 (90.0)
3 (27.3)
<0.001
Grade IV neutropenia duration (days)
1 (0, 1)
1 (1, 1)
0 (0, 0)
<0.001
Febrile neutropenia, n (%)
8 (25.8)
6 (30.0)
2 (18.2)
0.676
RBC support, n (%)
4 (12.9)
3 (15.0)
1 (9.1)
1
Platelet support, n (%)
11 (35.5)
9 (45.0)
2 (18.2)
0.241
Plerixafor, n (%)
2 (6.5)
2 (10.0)
0 (0)
0.527
WBC: white blood cells, RBC: red blood cells.

Table 3. Univariate logistic model having as the dependent variable the occurrence of grade IV neutropenia
Variable
Male gender
Age (years)
Weight (kg)
Pegfilgrastim
Stimulation failure
Stimulation to harvest (days)
Peak of absolute CD34+ cells (IL)
Percent of CD34+ in harvest
Total blood volume processed (mL)
WBC in peripheral blood at aphersis (/mmc)
WBC in apheresis (/mmc)
CD34+ cells harvest (10^6/kg)
Diagnosis
HL vs B-NHL
T-NHLvs B-NHL
Stage 3-4
Disease status CR
Time between chemotherapy and harvest (days)
Prior treatment
Previous RT

OR

95% Lower CI

95% Upper CI

p value

0.410
0.994
0.956
0.042
NA
1.892
0.999
0.851
1.000
1.097
1.004
0.942

0.081
0.937
0.888
0.004
NA
1.016
0.984
0.475
1.000
0.989
0.995
0.788

1.878
1.051
1.019
0.253
NA
4.451
1.014
1.500
1.000
1.258
1.018
1.117

0.257
0.820
0.182
<0.01
NA
0.086
0.863
0.562
0.837
0.120
0.451
0.484

1.125
1.000
1.071
0.208
2.472
1.220
0.933

0.203
0.127
0.184
0.0378
1.166
0.967
0.183

6.281
9.529
5.455
1.006
7.277
1.584
5.440

0.258
1
0.935
0.057
0.049
0.105
0.935

HL: Hodgkin Lymphoma, B-NHL: B-nonHodgkin Lymphoma, T-NHL: T-nonHodgkin Lymphoma, RT: radiotherapy.

Table 4. Multivariate logistic model for assessing the independent influence of Pegfil-grastim in reducing the occurrence of grade IV neutropenia. Color coding of the bars was used to specify the groups for which a multivariate logistic
model was used
Variable
Stimulation to harvest (days)
Pegfilgrastim
Disease status CR
Pegfilgrastim
Time between chemotherapy and harvest (days)
Pegfilgrastim

OR

95% Lower CI

95% Upper CI

p value

3.113
0.009
0.131
0.031
3.257
0.011

1.221
0.000
0.006
0.001
1.251
0.000

19.603
0.125
1.126
0.238
20.090
0.146

0.085
<0.01
0.095
<0.01
0.094
<0.01

HL: Hodgkin Lymphoma, B-NHL: B-nonHodgkin Lymphoma, T-NHL: T-nonHodgkin Lymphoma, RT: radiotherapy.
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Figure 1. Representations of the interrelations between stimulation to harvest (days), chemotherapy to harvest (days),
CR status, agent used and the occurrence of grade IV neutropenia.

blood at apheresis, but also had a higher occurrence
of grade IV neutropenia.
Because of the differences between the two
groups considering the occurrence of grade IV
neutropenia we used a univariate logistic model to
determine the variables that were associated with
grade IV neutropenia (Table 3). Through this we
observed that the occurrence of grade IV neutropenia was statistically significant associated with
filgrastim use when compared to pegfilgrastim use
and with a higher number of days between chemotherapy and harvest. We also observed that there
was a tendency for statistical significance for the
associations between grade IV neutropenia and a
higher number of days between stimulation to harvest and a non-CR disease status.
We further adjusted the association between
pegfilgrastim and a low occurrence of grade IV
neutropenia with the variables that had at least a
tendency for statistical significance (p<0.1) when
associated with grade IV neutropenia. Because of
the relatively small cohort, we adjusted pegfilgrastim with the selected variables in a “one-byone” manner (Table 4). We observed that pegfilgrastim maintained its effect when adjusted with
either one of the selected variables (days between
stimulation to harvest, disease status or days between chemotherapy and harvest).
To better observe the variables assessed in Table 3 we presented them in Figure 1.

Discussion
In the present study we assessed the effect of
pegfilgrastim in comparison to filgrastim when assessing mobilization and harvest results and when
evaluating complications that these patients can
JBUON 2021; 26(3): 1084

present. Herein, we observed the beneficial effect
that pegfilgrastim has when compared to filgrastim
in reducing grade IV neutropenia both in the univariate and multivariate logistic models.
Multiple studies compared pegfilgrastim to
filgrastim for PBSC mobilization in ASCT patients
with controversial results. Generally, pegfilgrastim
is considered a viable and safe alternative to filgrastim in the chemomobilization of lymphoma
patients. Nonetheless, there are very few data about
biosimilar pegfilgrastim in mobilization of PBSC
and the reported results of pegfilgrastim mobilization lack reproducibility, being heterogeneous in
the literature. With this being said, there are several studies showing the beneficial effects of pegfilgrastim use regarding apheresis including earlier
apheresis [30], reduction in the required apheresis
procedures [26,30-32]. Interestingly, most study
groups did not see differences regarding parameters related to WBC counts, red blood cells and
platelets, with pegfilgrastim presenting similar results regarding recovery time and the need for red
blood cell or platelet support [26,30,31]. We also
observed that the need for red blood cell or platelet
support was not different between the two groups
but revealed the association between the use of
pegfilgrastim and a lower incidence of grade IV
neutropenia. The lack of reproducibility between
studies could be explained by differences regarding
the general characteristics of the patient population, the used chemotherapy regimen for mobilization, schedule of growth factor administration and
pegfilgrastim dose with different studies using 6,
12 or 18 mg/day [14,26,30-32].
In a metaanalysis, Kim et al included 8 studies which had quantitative data and observed
that, in the case of lymphoma patients, filgrastim
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was better than pegfilgrastim regarding the total
CD34+ cell collection count, while there was no
difference for multiple myeloma patients between
the two approaches [14]. We did not observe any
difference between the two approaches regarding
the total CD34+ cell collection count, but we observed a higher number of WBC in the peripheral
blood associated with the use of filgrastim. In their
metaanalysis, Kim et al did not assess the occurrence of grade IV neutropenia but did not see differences regarding the day of WBC recovery between
the two approaches [14]. Nonetheless, Kim et al
concluded that pegfilgrastim is a viable option for
mobilization and could be especially useful if an
earlier apheresis starts. In our study, we observed
a tendency for statistical significance for pegfilgrastim to have a shorter time between chemotherapy and harvest compared to filgrastim, but the
difference between the two medians was of only
one day so we do not consider this finding clinically
relevant.
The main strength of the current study is represented by the fact that it adds to a heterogeneous
field of research, helping to better guide the clinical
choice between pegfilgrastim and filgrastim in the
case of lymphoma patients undergoing ASCT. More
than this, this was a prospective study, thus being
able to remove some of the bias that retrospective
studies generally have.
The main limitation of this study is represented by the low number of the patients included, which might give an uncertainty to the results
presented with larger multicentric studies being
needed to validate our and other’s studies regarding the differences between pegfilgrastim and filgrastim. Nonetheless, considering the important
reduction of grade IV neutropenia associated with
pegfilgrastim compared with filgrastim and the stability of this association in the multivariate model
we consider that the results presented here could
be reproducible in larger studies conducted in a
similar manner. Added to this, it must be mentioned that, although we included a rather small
number of patients, the present study is still comparable from a cohort standpoint to other studies
on the same issue. Another limitation of this study
is the fact that it was not blinded. Nonetheless,
the deviation from randomness was represented
by the patient’s preference between pegfilgrastim
or filgrastim. Thus, although a double-blind study
would have been preferred, we consider that the
non-clinically oriented subjective choice of the
patient should not biased the study in an exaggerated manner. More than this, grade IV neutropenia
was neither influenced by the number of cycles of
therapy, nor by the weight of the patients, show-
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ing that the effect on grade IV neutropenia in the
current study was due to the effect of pegfilgrastim
and not due to bias.

Conclusions
Thus, in the present study, we observed that
biosimilar pegfilgrastim offers the same PBSC
mobilization rate as filgrastim. Furthermore, pegfilgrastim is associated with a lower occurrence
of grade IV neutropenia, even when considering
the multivariate model. Even though some of the
results from other studies, like a better platelet
recovery, we consider that the reduction in the occurrence of grade IV neutropenia can constitute an
important argument for the use of pegfilgrastim as
a viable alternative to filgrastim.

Author contributions
Conceptualization A.T. Formal analysis, A.C.
(Andrei Colita) and S.P. Investigation L.L., L.S., C.C..,
S.P., C.S. Methodology, A.T. and A.C. (Andrei Colita).
Resources L.L., L.S., C.C.., S.P., C.S. Supervision, A.T.
Validation C.T. and A.C. (Anca Colita); Visualization
A.C. (Andrei Colita), L.L., L.S., C.C.., S.P., C.S., C.T, A.C.
(Anca Colita). Writing-original draft, A.C. (Andrei
Colita), S.P. Writing-review & editing, A.C. (Andrei
Colita), C.T., A.T. and A.C. (Anca Colita). All authors
have read and agreed to the published version of
the manuscript.

Funding
This research was funded by an international collaborative grant of the European Economic
Space between Romania and Iceland 2020-2022,
grant number 19-COP-0031.

Institutional Review Board Statement
The study was conducted according to the
guidelines of the Declaration of Helsinki and approved by the Institutional Ethics Committee of
Fundeni Clinical Institute (55623/21/12/2018),
(21887/02.05.2019).

Informed consent statement
Informed consent was obtained from all subjects involved in the study.

Conflict of interests
The authors declare no conflict of interests.
JBUON 2021; 26(3): 1085

1086

Filgrastim vs pegfilgrastim in lymphoma

References
1.

2.

3.

4.

Duarte RF, Labopin M, Bader P et al. for the European
Society for Blood and Marrow Transplantation (EBMT).
Indications for Haematopoietic Stem Cell Transplantation for Haematological Diseases, Solid Tumours
and Immune Disorders: Current Practice in Europe,
2019. Bone Marrow Transplant 2019;54: 1525-52,
doi:10.1038/s41409-019-0516-2.
Passweg JR, Baldomero H, Chabannon C et al. for the European Society for Blood and Marrow Transplantation
(EBMT). The EBMT Activity Survey on HematopoieticCell Transplantation and Cellular Therapy 2018: CART’s Come into Focus. Bone Marrow Transplant 2020;
55: 1604-13, doi:10.1038/s41409-020-0826-4.
Kobbe G, Bruns I, Fenk R, Czibere A, Haas R. Pegfilgrastim for PBSC Mobilization and Autologous Haematopoietic SCT. Bone Marrow Transplant 2009;43:66977, doi:10.1038/bmt.2009.59.
Giralt S, Costa L, Schriber J et al. Optimizing Autologous
Stem Cell Mobilization Strategies to Improve Patient
Outcomes: Consensus Guidelines and Recommendations. Biol Blood Marrow Transplant 2014;20:295-308,
doi:10.1016/j.bbmt.2013.10.013.

5.

Bensinger W, Appelbaum F, Rowley S et al. That Influence Collection and Engraftment of Autologous Peripheral-Blood Stem Cells. J Clin Oncol 1995;13:2547-55,
doi:10.1200/JCO.1995.13.10.2547.

6.

Weaver CH, Hazelton B, Birch R et al. An Analysis of
Engraftment Kinetics as a Function of the CD34 Content of Peripheral Blood Progenitor Cell Collections in
692 Patients after the Administration of Myeloablative
Chemotherapy. Blood 1995;86: 3961-9.

13. Petit I, Szyper-Kravitz M, Nagler A et al. G-CSF Induces Stem Cell Mobilization by Decreasing Bone Marrow SDF-1 and up-Regulating CXCR4. Nat Immunol
2002;3:687-94, doi:10.1038/ni813.
14. Kim MG, Han N, Lee EK, Kim T. Pegfilgrastim vs Filgrastim in PBSC Mobilization for Autologous Hematopoietic SCT: A Systematic Review and Meta-Analysis.
Bone Marrow Transplant 2015;50:523-30, doi:10.1038/
bmt.2014.297.
15. Smith TJ, Khatcheressian J, Lyman GH et al. 2006
Update of Recommendations for the Use of White
Blood Cell Growth Factors: An Evidence-Based Clinical Practice Guideline. J Clin Oncol 2006;24:3187-205,
doi:10.1200/JCO.2006.06.4451.
16. Roskos LK, Lum P, Lockbaum P, Schwab G, Yang BB.
Pharmacokinetic/Pharmacodynamic Modeling of
Pegfilgrastim in Healthy Subjects. J Clin Pharmacol
2006;46:747-57, doi:10.1177/0091270006288731.
17. Molineux G. Pegfilgrastim: Using Pegylation Technology to Improve Neutropenia Support in Cancer Patients. Anticancer Drugs 2003;14:259-64,
doi:10.1097/00001813-200304000-00002.
18. Molineux G, Kinstler O, Briddell B et al. A New Form
of Filgrastim with Sustained Duration in Vivo and Enhanced Ability to Mobilize PBPC in Both Mice and Humans. Experim Hematol 1999;27:1724-34, doi:10.1016/
S0301-472X(99)00112-5.
19. Biganzoli L, Untch M, Skacel T, Pico JL. Neulasta (Pegfilgrastim): A Once-per-Cycle Option for the Management
of Chemotherapy-Induced Neutropenia. Semin Oncol
2004;31:27-34, doi:10.1053/j.seminoncol.2004.04.002.

7.

Oran B, Malek K, Sanchorawala V et al. Predictive Factors for Hematopoietic Engraftment after Autologous
Peripheral Blood Stem Cell Transplantation for AL
Amyloidosis. Bone Marrow Transplant 2005;35: 56775, doi:10.1038/sj.bmt.1704826.

20. Hosing C, Qazilbash MH, Kebriaei P et al. Fixed-Dose
Single Agent Pegfilgrastim for Peripheral Blood Progenitor Cell Mobilisation in Patients with Multiple
Myeloma. Br J Haematol 2006;133:533-7, doi:10.1111/
j.1365-2141.2006.06054.x.

8.

Pérez-Simón J, Martín A, Caballero D et al. Clinical
Significance of CD34+ Cell Dose in Long-Term Engraftment Following Autologous Peripheral Blood
Stem Cell Transplantation. Bone Marrow Transplant
1999;24:1279-83, doi:10.1038/sj.bmt.1702066.

21. Isidori A, Tani M, Bonifazi F et al. Phase II Study of a
Single Pegfilgrastim Injection as an Adjunct to Chemotherapy to Mobilize Stem Cells into the Peripheral
Blood of Pretreated Lymphoma Patients. Haematologica 2005;90:225-31.

9.

Carral A, de la Rubia J, Martín G et al. Factors Influencing Hematopoietic Recovery after Autologous Blood
Stem Cell Transplantation in Patients with Acute
Myeloblastic Leukemia and with Non-Myeloid Malignancies. Bone Marrow Transplant 2002;29:825-32,
doi:10.1038/sj.bmt.1703566.

22. Nosari A, Cairoli R, Ciapanna D et al. Efficacy of Single Dose Pegfilgrastim in Enhancing the Mobilization
of CD34+ Peripheral Blood Stem Cells in Aggressive
Lymphoma Patients Treated with Cisplatin-Aracytin-Containing Regimens. Bone Marrow Transplant
2006;38:413-6, doi:10.1038/sj.bmt.1705459.

10. Ketterer N, Salles G, Raba M et al. High CD34(+) Cell
Counts Decrease Hematologic Toxicity of Autologous
Peripheral Blood Progenitor Cell Transplantation.
Blood 1998;91:3148-55.

23. Willis F, Woll P, Theti D et al. Pegfilgrastim for Peripheral CD34+ Mobilization in Patients with Solid
Tumours. Bone Marrow Transplant 2009;43:927-34,
doi:10.1038/bmt.2008.411.

11. Watts NL, Marques MB, Peavey DB et al. Mobilization of Hematopoietic Progenitor Cells for Autologous
Transplantation Using Pegfilgrastim and Plerixafor: Efficacy and Cost Implications. Biol Blood Marrow Transplant 2019;25:233-8, doi:10.1016/j.bbmt.2018.09.005.

24. Bruns I, Steidl U, Kronenwett R et al. A Single Dose
of 6 or 12 Mg of Pegfilgrastim for Peripheral Blood
Progenitor Cell Mobilization Results in Similar Yields
of CD34+ Progenitors in Patients with Multiple Myeloma. Transfusion 2006;46:180-5, doi:10.1111/j.15372995.2006.00699.x.

12. Tabbara IA, Ghazal CD, Ghazal HH. The Clinical Applications of Granulocyte Colony-Stimulating Factor
in Hematopoietic Stem Cell Transplantation: A Review.
Anticancer Res 1996;16: 3901-5.
JBUON 2021; 26(3): 1086

25. Fruehauf S, Klaus J, Huesing J et al. Efficient Mobilization of Peripheral Blood Stem Cells Following CAD
Chemotherapy and a Single Dose of Pegylated G-CSF in

Filgrastim vs pegfilgrastim in lymphoma
Patients with Multiple Myeloma. Bone Marrow Transplant 2007;39:743-50, doi:10.1038/sj.bmt.1705675.
26. Putkonen M, Rauhala A, Pelliniemi TT, Remes K.
Single-Dose Pegfilgrastim Is Comparable to Daily Filgrastim in Mobilizing Peripheral Blood Stem Cells: A
Case-Matched Study in Patients with Lymphoproliferative Malignancies. Ann Hematol 2009;88:673-80,
doi:10.1007/s00277-008-0675-5.
27. Tricot G, Jagannath S, Vesole D. Peripheral Blood Stem
Cell Transplants for Multiple Myeloma: Identification
of Favorable Variables for Rapid Engraftment in 225
Patients. Blood 1995;85:588-96.
28. Sutherland DR, Anderson L, Keeney M, Nayar R, ChinYee I. The ISHAGE Guidelines for CD34+ Cell Determination by Flow Cytometry. J Hematother 1996;5:213-26,
doi:10.1089/scd.1.1996.5.213.
29. Armitage JO. Staging Non-Hodgkin Lymphoma. CA
Cancer J Clin 2005;55:368-76, doi:10.3322/canjclin.55.6.368.

1087

30. Russell N, Mesters R, Schubert J et al. A Phase 2 Pilot
Study of Pegfilgrastim and Filgrastim for Mobilizing
Peripheral Blood Progenitor Cells in Patients with
Non-Hodgkin’s Lymphoma Receiving Chemotherapy.
Haematologica 2008;93:405-12, doi:10.3324/haematol.11287.
31. Bassi S, Rabascio C, Nassi L et al. A Single Dose of
Pegfilgrastim versus Daily Filgrastim to Evaluate
the Mobilization and the Engraftment of Autologous
Peripheral Hematopoietic Progenitors in Malignant
Lymphoma Patients Candidate for High-Dose Chemotherapy. Transfusion Apheresis Sci 2010;43:321-6,
doi:10.1016/j.transci.2010.10.001.
32. Ria R, Reale A, Melaccio A, Racanelli V, Dammacco F,
Vacca A. Filgrastim, Lenograstim and Pegfilgrastim in
the Mobilization of Peripheral Blood Progenitor Cells
in Patients with Lymphoproliferative Malignancies.
Clin Exp Med 2015;15:145-50, doi:10.1007/s10238014-0282-9.

JBUON 2021; 26(3): 1087

