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ABSTRACT

Aims: Autologous peripheral blood stem cell transplantation (PBSCT), performed with high-dose melphalan support
following induction therapy is still the gold standard method of treatment for multipl myeloma (MM)patients suitable for
transplantation. It was aimed, with this retrospective study, to investigate the effects of early (1 day after PBSCT) and late (5
days after PBSCT) initiation of granulocyte colony-stimulating factor (G-CSF) support following PBSCT on engraftment time,
febrile neutropenia, and length of hospital stay (LOS) in MM patients.

Methods: This study included 70 patients with MM, who underwent PBSCT in Erciyes University. Two groups were
administered 5ug/kg filgrastim, subcutaneously, either 1 day or 5 days after PBSCT, until neutrophil engraftment was reached.

Results: Both neutrophil and platelet engraftment occurred in significantly shorter times in the early G-CSF group compared
to late G-CSF group; the median times to neutrophil engraftment were 10 (8-13) and 11 (7-15) days, respectively, and the median
times to platelet engraftment were 11 (10- 16) and 13 (11- 21) days (p=0.001). Also, the median LOS was also significantly
shorter in the early G-CSF group compared to late G-CSF group; 14 (10-22) vs 16 (11- 33) days, respectively (p=0.016). No
significant difference was found between the groups in terms of frequency of febrile neutropenia.

Conclusion: The initiation of G-CSF support early, following PBSCT in MM patients, accelerated neutrophil and platelet
engraftment and shortened the LOS as compared to the initiation of G-CSF support late, with no significant difference in the
frequency of febrile neutropenia.
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INTRODUCTION

Autologous peripheral blood stem cell transplantation
(PBSCT), is still the standard method of treatment following
high-dose chemotherapy in multiple myeloma (MM) patients
eligible for transplant, yet the complications associated with
prolonged neutropenia have led transplant centers to seek
other treatment methods.! Administration of granulocyte
colony-stimulating factor (G-CSF) after conditioning
chemotherapy and stem cell infusion has been shown to
expedite neutrophil recovery, decrease time to neutrophil
engraftment, and decrease the risk of febrile neutropenia.”*
In parallel, the American Society of Clinical Oncology
(ASCO) and The National Comprehensive Cancer Network
(NCCN) guidelines recommend that G-CSF support should

be initiated 1 to 5 days after the administration of high-dose
chemotherapy and continued until an absolute neutrophil
count (ANC) of 2-3x10°/L is reached.”® Nevertheless, the data
on the optimal timing to initiate G-CSF support is limited
and also contradictory.””” Also, there are only a few studies
that investigated the effect of the timing of the administration
of the G-CSF support after PBSCT specifically in the context
of MM patients. In this study, the effects of initiating G-CSF
early (day 1) or late (day 5) after PBSCT on the neutrophil and
platelet engraftment, development of febrile neutropenia, and
duration of hospitalization were compared in MM patients.
Additionally, the effect of pre-transplant radiotherapy (RT)
history on engraftment times was investigated.
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METHODS

The study was carried out with the permission of Erciyes
University Faculty of Medicine Medical Ethics Committee
(Date: 03.11.2020, Decision No: 2020/563). All procedures
were carried out in accordance with the ethical rules and the
principles of the Declaration of Helsinki.

This retrospective cohort study conducted at Transplantation
Center of Erciyes University included adult (age >18 years)
MM patients undergoing PBSCT using high-dose melphalan
conditioning between November 2015, and July 2020.
Demographic and clinical features of the patients, induction
treatments administered, and their remission statuses before
transplantation and history of pre-transplant RT were
recorded. Their responses to the treatment before PBSCT
were evaluated according to International Myeloma Working
Group (IMWG) criteria."’

Cyclophosphamide (CY) and G-CSF was used as the
mobilization regimen in 31 patients in the first group and
29 patients in the second group. Accordingly, 2.4 g/m* CY
was administered to the patients on day +1 via intravenous
(IV) infusion for two hours, accompanied by Mesna
(2-mercaptoethane sulfonate Na) and adequate hydration
for the prevention of haemorrhagic cystitis. As the G-CSF,
filgrastim (Neupogen, Amgen) 10 ug/kg/d dose was divided
into two and started subcutaneously to be administered
on day +5 and continued to be administered until
sufficient amount of CD34+ cells were collected. Prior to
chemotherapy, granisetron or ondansetron, pheniramine
maleate, and dexamethasone were administered as IV
infusion, whereas acetazolamide support was administered
orally. Also this group was given levofloxacin, acyclovir
and fluconazole prophylactically, G-CSF was administered
along with plerixafor (Mozobil, Genzyme Corp) support
due to lack of mobilization in four patients in the first
group and five patients in the second group. These
patients were administered the filgrastim 10 pg/kg/d
dose was divided into two and started subcutaneously
to be administered for at least five days and 0.24 mg/kg
plerixafor subcutaneously on the fourth day, as suggested
in the literature."" Additionally, one patient in the second
group was mobilized with G-CSF alone; filgrastim 10 pg/
kg/d dose was divided into two and started subcutaneously
to be administered on day +1 and continued to be
administered until sufficient amount of CD34+ cells were
collected. The peripheral complete blood count (CBC)
measurement was started on day +8 and continued to be
performed every other day. Peripheral blood CD34+ cell
count was measured daily when patient’s white blood cell
count recovered to 24.000/uL. When CD34+ cell count was
>10/uL, apheresis was started. Consequentially, adequate
doses of CD34+ cells were collected in all patients using a
Spectra Optia Apheresis System (Terumo BCT, Lakewood,
Colorado, U.S.). Measurements of peripheral blood
CD34+ cell count and CD34+ cell content of the apheresis
product were performed by the BD FACSCalibur flow
cytometer (Becton-Dickinson, Erembodegem, Belgium).
The harvested cells were cryopreserved in 10% dimethyl
sulfoxide (DMSO) using a controlled-rate freezer, and then
stored in liquid nitrogen.
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Approximately 2-3 weeks after the mobilization, all patients
received conditioning with 200 mg/m? melphalan (140 mg/
m? in patients with renal insufficiency or >65 years old) two
days before the infusion of autologous stem cells, followed
by autologous PBSCT on day 0. While the patients who
underwent PBSCT between November 2015 and May 2018
received G-CSF at a dose of 5 pg/kg/day subcutaneously
starting on post-transplantation on day +5, the patients who
underwent PBSCT between May 2018 and July 2020 received
the G-CSF at the same dose starting on post-transplantation
on day +1. The patients in both groups continued G-CSF
treatment until neutrophil engraftment was reached. Also the
patients in both groups were given anti-infective prophylaxis,
which included 500 mg levofloxacin taken daily, 500 mg
valacyclovir taken twice daily, and 400 mg fluconazole taken
daily, in accordance with institutional policy. Post-PBSCT
neutrophil and platelet engraftment time, development of
neutropenic fever, and duration of hospitalization of the
two groups were recorded. Neutrophil engraftment was
considered the first of three successive days with an ANC=>0.5
x 10°/L. Also platelet engraftment was considered the first
of three consecutive days with a platelet count >20x10°/L.
Additionaly, febrile neutropenia was considered the present
the fever was 238°C and ANC was <0.5x10°/L from the day of
PBSCT until the day of neutrophil engraftment.

Statistical Analysis

SPSS 22.0 (IBM Statistical Package for Social Sciences for
Windows, version 22.0, IBM Corp., Armonk, NY, U.S.)
software package was used for statistical analyses. The
Kolmogorov-Smirnov test was used to check whether
the research data conformed to normal distribution or
not. Pearson’s chi-squared test was used to analyze the
independent qualitative data, whereas the student’s t-test
was used to analyze the independent quantitative data. The
Mann-Whitney U test was used to analyze non-normally
distributed parameters. Probability (p) values of <0.05 were
deemed to indicate statistical significance.

RESULTS

The baseline characteristics of the patients are presented in
Table 1. There were 35 patients in each group. The groups were
well balanced in terms of age, sex, paraprotein types, disease
stage, induction therapies administered, and pre-transplant
disease status. Also the groups did not differ significantly in
terms of pre-transplant RT history, mobilization protocol,
conditioning regimen and CD34+ cell dose.

No serious side effects were observed in both groups during the
mobilization and transplantation process. The median time to
neutrophil engraftment was 10 days (interquartile range [IQR],
8-13 days) in the early G-CSF group compared with 11 days
(IQR, 10-16 days) in the late G-CSF group (p< 0.001) (Table 2
and Figure 1). Also, the median time to platelet engraftment
was 11 days (IQR, 7-15 days) in the early G-CSF group
compared with 13 days (IQR, 11-21 days) in the late group (p<
0.001) (Table 2 and Figure 2). Additionally, the duration of
post-PBSCT hospitalization was 13 days (IQR, 10-22 days) in
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the early G-CSF group compared to 16 days (IQR, 11-25 days)
in the late group (p=0.02) (Table 2 and Figure 3).

Table 1. Patient and transplant characteristics

Variables Early (n=35) Late (n=35) P value
Age,yr, median 56 (44-64) 57 (40-65) 0.41
(IQR)

Sex, n (%) 0.32

Male 20 (57.1) 24 (68.6)

Female 15 (42.9) 11 (31.4)

Isotype, n (%) 0.91

IgG 25 (71.4) 23 (65.7)

IgA 5 (14.2) 8(22.8)

IgD 1(2.9) 1(2.9)

Nonsecretuar 1(2.9) 1(2.9)

Other 3(8.6) 2(5.7)

R-ISS, n (%) 0.26

I 24 (68.6) 27 (77.1)

11 5(14.3) 4(11.4)

111 1(2.8) 1(2.9)

Missing 5 (14.3) 3(8.6)

Pretransplant 0.11
therapy, n (%)

VAD+VCD 19 (54.3) 16 (45.7)

VCD 13 (37.1) 16 (45.7)

VCD+RD 3(8.6) 3(8.6)

Pretransplant 0.16
radiotherapy, n (%)

Yes 11 (31.4) 6 (17.1)

No 24 (68.6) 29 (82.9)
Pretransplantation 0.87
status, n (%)

CR+VGPR 22 (62.9) 26 (54.5)

PR 13 (37.1) 9 (45.5)

Mobilization, n (%) 0.37

Cyclophosphamide 31 (88.6) 29 (82.8)

+ G-CSF

Cyclophosphamide 4 (11.4) 5(14.3)
+ G-CSF+
plerixafor

G-CSF only 0 1(2.9)

Conditioning 0.55
regimen,n (%)

Melphalan 140 8(22.9) 6 (17.1)
mg/m?*

Melphalan 200 27 (77.1) 29 (82.9)
mg/m?*

CD34+ dose, x 105 4.95 (3.22-10.31) 4.99 (3.30-9.86)  0.63

cells/kg, median

(IQR)

IQR: Interquartile range, R-ISS: Revised international staging system,
VAD: Vincristine adriamycin dexamethasone, VCD: Bortezomib
hosphamide dexamethasone, RD: Lenalidomide dexamethasone,

cyclo
CR: Complete recovery, VGPR: Very good partial recovery, PR: Partial
recovery, G-CSF: Granulocyte colony-stimulating factor

These results were statistically significant. There was no
significant difference between the groups regarding the
platelet or erytrocyte transfusion requirement. Febrile
neutropenia occurred in 20 patients (57.1%) in the early group
and 18 patients (51.4%) in the late group (p=0.81). Those
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patients were treated with infusion of antimicrobial agents
and their febrile neutropenia was resolved successfully.
There was no relevant difference in both groups in terms
of the frequency of febrile neutropenia, relationship of pre-
transplant RT history and engraftmen time.

Table 2. Clinical outcomes

Early (n=35) Late (n=35) P value*

Time to 10 (8-13) 11 (10-16) <0.001
neutrophil
engraftment,d,

median (IQR)

Time to platelet <0.001
engraftment,d,

median (IQR)

Febrile
neutropenia,n
(%)

Duration of
hospitalization
post-PBSCT,d,
median (IQR)

IQR: Interquartile range, PBSCT: Peripheral blood stem cell

11 (7-15) 13 (11-21)

20 (57.1) 18 (51.4) 0.81

13 (10-22) 16 (11-25) 0.02

transplantation, *: Statistically significant

Figure 1. Time to neutrophil engraftment

Figure 2. Time to platelet engraftment
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Figure 3. Duration of hospitalization post-transplantation

DISCUSSION

The findings of this study revealed that initiation of G-CSF
support early following PBSCT in MM patients accelerated
neutrophil and platelet engraftment and shortened the
duration of hospitalization. There is no consensus in the
literature on the optimum timing to initiate G-CSF support
in the post-transplant period. To cite a few examples, in a
study by Thompson et al.” initiation of G-CSF support on the
same day after PBSCT was compared to initiation of G-CSF
support five days after PBSCT in the context of various
hematological diseases. Consequently, the median time to
neutrophil engraftment in the group of patients, who received
G-CSF support early, was found as 10 (7-27) days, as compared
to 11 (9-15) days in the group of patients, who received G-CSF
support late, which indicated a significant difference between
the groups in favor of the patient group, who received G-CSF
support early (p<0.001). Additionally, in the same study, no
significant difference was found between the groups in terms
of platelet engraftment times. In a study by Valteau-Couanet
et al.”?, patients, who were started on G-CSF support one day
after PBSCT, patients who were started on G-CSF support
five days after PBSCT, and patients who did not receive
G-CSF support, were compared in the context of various
hematologic and oncologic malignancies. Consequently,
it was determined that the neutrophil engraftment times
in the patient groups that received G-CSF support were
significantly shorter than those of the patient group that did
not receive G-CSF support, whereas there was no difference
between the groups in terms of platelet engraftment times.
Additionally, in the same study, the neutrophil engraftment
times in the patient group that was started on G-CSF support
one day after PBSCT, the patient group that was started on
G-CSF support five days after PBSCT, and the patient group
that did not receive G-CSF support, were found as 9 (4- 40),
10 (5-15), and 13 (7-36) days, respectively. Thus, indicating
a significant difference in favor of the patient groups that
received G-CSF support (p<0.0001). Furthermore, duration
of hospitalization was found to be significantly shorter in the
patient groups that received G-CSF support, as compared
to the patient group that did not receive G-CSF support. In
another study, the difference between the administration of
G-CSF support five days after PBSCT empirically and 12 days
after PBSCT on patients with an ANC count of <0.5x10°/L
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was investigated in terms of engraftment times and duration
of hospitalization in patients with MM and lymphoma."
Consequently, the neutrophil engraftment times in the
patient group that was administered G-CSF support five days
after PBSCT and in the patient group that was administered
G-CSF support 12 days after PBSCT were found as 12
days and 13 days, respectively. This indicated a significant
difference in favor of the patient group that received G-CSF
support early (p=0.07). Additionally, in the same study,
febrile neutropenia incidences in the patient group that was
administered G-CSF support five days after PBSCT and in
the patient group that was administered G-CSF support 12
days after PBSCT were reported as 74% and 90%, respectively.
This also indicated a significant difference in favor of the
patient group that received G-CSF support early (p=0.04).
However, no significant difference was found between the
groups in terms of platelet engraftment time and duration
of hospitalization. The patient group in all these studies
consisted of various diseases such as MM and/or lymphoma,
solid tumor. In our study, only the data belonging to the MM
patients were presented. Few studies were investigated the
effect of the timing of the administration of G-CSF support
after PBSCT, specifically in the context of MM patients. In
one of these studies, Sborov et al.® compared the initiation of
G-CSF support in MM patients one day, five days, and seven
days after PBSCT, and found that the neutrophil engraftment
time was shorter and the incidence of neutropenic fever was
lower in the group of patients that received G-CSF earlier
than others. In the same study, the neutrophil engraftment
times in the patient groups that were started on G-CSF
support one day, five days, and seven days after PBSCT were
found as 12.8 days, 12.3 days, and 11.2 days, respectively.
This indicated a significant increase in the patient group
that was started on G-CSF support seven days after PBSCT,
as compared to the other groups (p<0.001). Additionally, the
duration of severe neutropenia was found to be significantly
increased in the patient groups that were started on G-CSF
support five days and seven days after PBSCT, as compared to
the patient group that was started on the G-CSF support one
day after PBSCT. Besides that there are two patient groups in
our study when there are three patient groups in this study,
neutrophil engraftment was occurred in shorter periods in
both groups in our study. In addition, a severe neutropenia
increase in both groups was mentioned in this study while no
such result was found in our study.

In another study, Jackson et al."* compared the MM patient
group that was administered G-CSF support after PBSCT with
the MM patient group, which was not administered G-CSF
support after PBSCT, and reported that both engraftment
times and duration of hospitalization were significantly less
in the patient group that was administered G-CSF support
after PBSCT. Additionally, the median times to neutrophil
engraftment and the median duration of hospitalization in
the said patient groups were found as 12 days and 19 days, and
as 15 days and 17 days, respectively, indicating a significant
difference between the groups in both categories in favor
of the patient group that was administered G-CSF support
after PBSCT (p<0.001 and p=0.026). The difference of this
study from our study is that no G-CSF support was given to
one of the groups, while the other group was given G-CSF
in the late period (4-20 days). Also, although the duration of
hospitalization with neutrophil engraftment in the group
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given G-CSF support was significantly short compared to
the group that was not given at all, it was long compared to
our early G-CSF group. This result also supports our idea
that early G-CSF application is advantageous.

Yet in another study, Cox et al.” reported the median
neutrophil  engraftment times and duration of
hospitalization in patient groups that were started on G-CSF
support seven days and 14 days after PBSCT as 12 days and
15 days and as 17 days and 19 days, respectively, indicating
significant differences between the groups in both categories
in favor of the patient group that was administered G-CSF
support early (p<0.0001 for both cases). G-CSF application
days were also different in this study from our study.
Moreover, the relationship between the history of pre-
transplant RT and engraftment kinetics was not examined
in any of these studies. As is seen, there is no research in the
literature that our study exactly overlaps.

As for the effect of having a history of pre-transplant
RT on the engraftment times, no significant effect was
observed in either patient group. This result differs from the
relevant results reported in the literature, which indicated
that pre-transplant RT significantly affected and delayed
platelet engraftment. In those studies, those results may be
associated with distorted marrow microenvironment due
to RT.'*" Data belonging to various cancer patients were
shared in those studies.

Limitations

There are some limitations to our study. The first is that
patients were not evaluated in terms of total survival and
relapse. Because most of the patients who are transplanted
in our center come from other provinces and can have their
follow-up done in the provinces where they are located after
the transplantation. The second might be the cost analysis.
The costs of all procedures in the transplantation process
of the groups, mobilization and transplant preparation
regimes can be affected by various factors. For example,
depending on the condition of the patient and the clinic, the
mobilization process may be performed by hospitalization
or outpatient follow-up. The use of plerixafor in case of
failure in mobilization affects the cost. In other words, it
may be appropriate to plan a prospective study for a cost
analysis based on the duration of post-transplantation
hospitalization.

CONCLUSION

It was found that initiating the G-CSF support one day after
PBSCT, as compared to five days after PBSCT, significantly
shortened the neutrophil and platelet engraftment times
as well as duration of hospitalization in MM patients. The
results of this study support the transplant centers that
reported a positive contribution of early G-CSF support on
engraftment and duration of hospitalization.
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