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Abstract
Background: For successful autologous stem cell transplantation, the collection of a sufficient number of
hematopoietic stem cells after induction therapy is essential for transplant candidates with multiple myeloma (MM).
Methods: In this study, we compared the efficacy and safety of stem cell mobilization using cyclophosphamide
(CY; 3.0 g/m2 on day 1) or etoposide (VP-16; 375 mg/m2 on days 1 and 2) in patients with MM. Granulocyte-colony
stimulating factor (G-CSF, 10 μg/kg/day, subcutaneously) was administered from the onset of neutropenia to the
final day of collection.
Results: Sixty-five patients were mobilized with a combination of CY and G-CSF, and 63 were mobilized with a
combination of VP-16 and G-CSF. All patients were mobilized within 7 months of beginning frontline treatment.
The median number of CD34+ cells collected was significantly higher in the VP-16 mobilization group than in the
CY mobilization group (27.6 × 106 CD34+/kg vs. 9.6 × 106 CD34+/kg, P < 0.001). The rate of mobilization failure,
defined as < 2.0 × 106 CD34+/kg collected in three apheresis procedures, was lower in the VP-16 group than in the
CY group (1.6% vs. 10.8%, P = 0.062). Severe infections during the mobilization period were more frequent in the
CY group than in the VP-16 group (18.5% vs. 7.9%, P = 0.117).
Conclusion: In conclusion, an intermediate dose of VP-16 with G-CSF appears to be an effective and tolerable
chemo-mobilization method compared to CY and G-CSF, particularly in cases where use plerixafor in MM is difficult.
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Background
With the emergence of new and more effective therapeutic agents, the role of autologous stem cell transplantation (ASCT) in multiple myeloma (MM) has become a
topic of considerable interest. Although there have been
only a few studies evaluating the efficacy of ASCT with
novel agent-based therapies, upfront ASCT did show a
better response and a longer progression free survival
(PFS) in a randomized phase 3 EMN02/HO95 trial (HR =
0.76; 95% confidence interval [CI] = 0.64–0.91; P = 0.002).
Furthermore, a recently published meta-analysis of three
large phase 3 randomized controlled trials showed the
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superiority of upfront ASCT over novel agents [1, 2].
Delaying ASCT until a relapse after frontline novel
agent-based therapy is also accepted as an alternative
treatment option [3, 4]. Therefore, high-dose chemotherapy combined with ASCT continues to be a wellestablished treatment strategy for transplant-eligible MM
patients.
In MM patients, peripheral blood stem cells (PBSCs) are
the most common cell source for ASCT [5]. As obtaining
a sufficient dose of stem cells is important to achieve stem
cell engraftment, numerous strategies have been developed to expand the pool of circulating hematopoietic stem
cells [6]. The standard method to mobilize stem cells is to
treat them with granulocyte colony stimulating factor
(G-CSF), with or without cyclophosphamide (CY) [7, 8].
Chemo-mobilization achieves higher yields of stem cells
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than growth factor alone but requires more time for the
engraftment of platelets and neutrophils, and carries an
increased risk of infection [9]. Introduction of CY improves the efficacy of mobilization, but still results in a
high rate of mobilization failure (10~20%) [10]. Therefore,
more effective chemo-mobilization protocols are needed.
VP-16 is effective in mobilizing hematopoietic stem
cells in patients with malignant lymphoma [11, 12].
Wood et al. [13] demonstrated that mobilization with
375 mg/m2 of VP-16 and G-CSF was highly effective and
safe in MM patients. In their study, all patients achieved
successful mobilization with a median number of CD34+
cells of 12 × 106/kg. Moreover, there were no reported
collection failures, and no treatment-related mortalities.
However, no studies have compared CY and VP-16
chemo-mobilization in MM patients. Therefore, we evaluated the efficacy and safety of stem cell mobilization
using intermediate doses of VP-16 and high doses of CY
in patients with MM.

Methods
Patients

We retrospectively analyzed the medical records of 140
patients diagnosed with MM who underwent stem cell
mobilization between February 2008 and February 2018 at
Chonnam National University Hwasun Hospital. We excluded patients who mobilized with G-CSF alone. Patients
who were mobilized more than 12 months after initial
treatment for delayed ASCT were also excluded. Following these exclusions, a total of 128 patients were included
in this study. This study was approved by the Institutional
Review Board of Chonnam National University Hwasun
Hospital in accordance with the Declaration of Helsinki.
PBSC mobilization and collection

Stem cells were mobilized with G-CSF following intravenous CY (3.0 g/m2 on day 1) or VP-16 (375 mg/m2 on days
1 and 2) administration. G-CSF (10 μg/kg/day, subcutaneously) was administered from the onset of neutropenia
(absolute neutrophil count < 1 × 109/μL) up to the final
collection day. For all patients, antimicrobial and antifungal prophylaxis was given using oral levofloxacin 500 mg/
day and fluconazole 200 mg/day during the neutropenic
period. Daily monitoring of circulating hematopoietic progenitor cells (HPCs), enumerated by the Sysmex XE2100
(Sysmex Corporation, Kobe, Kansai, Japan), was initiated
at the start of leukocyte recovery, approximately 8 days
after chemotherapy. Apheresis was initiated when HPC
levels reached ≥5/μL, as described previously [14].
Definition

The International Staging System (ISS) was used to assess
the clinical disease stage at diagnosis [15]. The International
Myeloma Working Group uniform response criteria were
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used to assess the response to treatment [16]. Toxicity
was graded according to the National Cancer Institute
Common Terminology Criteria for Adverse Events
(v4.0). Mobilization failure was defined as the total
number of collected CD34+ cells < 2.0 × 106 CD34+/kg.
Platelet engraftment after transplant was defined as the
first of 7 consecutive days where the platelet count was
> 20 × 109/L without platelet transfusion. Neutrophil
engraftment after transplant was defined as the first of
3 consecutive days where the absolute neutrophil count
was > 0.5 × 109/L without the administration of G-CSF.
The duration of hospitalization was defined as the
number of days from the initiation of the conditioning
regimen for ASCT to the day of discharge.

Statistical analyses
Discrete and continuous variables were evaluated using
the chi-square test and a Mann-Whitney U-test, respectively. The PFS was calculated from the day of transplantation to disease progression or death from any cause.
Overall survival (OS) was calculated from the day of
transplantation to the day of death from any cause. PFS
and OS were evaluated using the Kaplan-Meier method,
and compared using the log-rank test. Estimates of the
relative risk for an event and its 95% CI were obtained
using the Cox proportional hazard model. All statistical
analyses were performed using SPSS software (ver. 21.0;
SPSS Inc., Chicago, IL, USA). A P value < 0.05 was considered statistically significant.
Results
Patients

Between 2008 and 2018, a total of 128 patients with MM
underwent stem cell mobilization and collection using CY
or VP-16 within 12 months of their initial diagnosis.
Sixty-five patients (50.8%) were mobilized with CY +
G-CSF between February 2008 and December 2013, and
63 (49.2%) were mobilized with VP-16 + G-CSF between
April 2014 and February 2018. The baseline clinical characteristics of both groups are summarized in Table 1.
Overall, the patients had similar disease characteristics
such as ISS stage, immunoglobulin subtype, serum levels
of lactate dehydrogenase (LDH) and creatinine, baseline
levels of hemoglobin, and platelet counts. Patients had received a median of one (range, 1–3) prior treatment regimen before stem cell mobilization. Nine patients (13.8%)
in the CY mobilization group received two prior treatment regimens, whereas all except one patient in the
VP-16 mobilization group received one treatment regimen. The frontline treatment differed slightly between the
two groups, with more patients being treated with a
bortezomib-containing regimen in the VP-16 group
(65.1% vs. 23.1%, P < 0.001). Despite differences in frontline treatment, disease responses to the initial regimen
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Table 1 Baseline clinical characteristics of patients with different chemo-mobilization regimens (n = 128)
P-value

Variables

Cyclophosphamide
(n = 65)

Etoposide
(n = 63)

Median age, year (range)

55.0 (39 ~ 64)

57.0 (34 ~ 65)

0.359

Male, n (%)

39 (60.0%)

36 (57.1%)

0.743

Ig type, n (%)

0.173

IgG

35 (53.8%)

44 (69.8%)

IgA

8 (12.3%)

6 (9.5%)

IgM

1 (1.5%)

1 (1.6%)

Light chain only

21 (32.3%)

11 (17.5%)

I

22 (33.8%)

15 (23.8%)

II

21 (32.3%)

27 (42.9%)

III

22 (33.8%)

21 (33.3%)

ISS, n (%)

0.356

ECOG PS ≥ 2, n (%)

6 (9.2%)

2 (3.2%)

0.274

LDH > (1 × ULN), n (%)

7 (10.9%)

11 (17.5%)

0.292

Median BM plasma cells, %, range

35.0 (4.0 ~ 90.0)

27.0 (0.9 ~ 95.8)

0.068

Median lymphocyte count, (× 109/L), range

2.00 (0.4 ~ 6.23)

2.19 (0.57 ~ 4.78)

0.340

Serum creatinine ≥2 mg/dL, n (%)

13 (20.3%)

8 (12.7%)

0.340

Median platelet count (× 109/L), range

201 (48 ~ 393)

206 (63 ~ 509)

0.802

Median serum Hb, g/dL

9.8 (4.9 ~ 15.3)

10.0 (6.2 ~ 15.4)

Median time to mobilization, months (range)

4.67 (2.53 ~ 6.80)

3.88 (2.43 ~ 6.18)

Thalidomide-based

59 (81.9%)

20 (31.3%)

Bortezomib-based

7 (9.7%)

14 (21.9%)

Bortezomib+Thalidomide

0 (0.0%)

29 (45.3%)

0.577
< 0.001

Frontline treatment, n (%)

6 (8.3%)

1 (1.6%)

Median prior treatment cycle, n, range

Conventional chemotherapy

4 (3 ~ 7)

4 (3 ~ 6)

0.056

Radiotherapy (spine), n (%)

18 (27.7%)

15 (23.8%)

0.616

Disease status at mobilization

0.359

CR

12 (18.5%)

16 (25.4%)

VGPR

14 (21.5%)

7 (11.1%)

PR

36 (55.4%)

38 (60.3%)

SD

3 (4.6%)

2 (3.2%)

PD

0 (0.0%)

0 (0.0%)

Abbreviations: N number, ISS international staging system, ECOG Eastern Cooperative Oncology Group, PS performance status, LDH lactate dehydrogenase, ULN
upper limit of normal value, BM bone marrow, Hb hemoglobin, CR complete response, VGPR very good partial response, PR partial response, SD stable disease, PD
progressive disease

before stem cell mobilization were similar in the two
groups (P = 0.359). The median time from the first
treatment to mobilization was shorter in the VP-16
group than the CY group (3.88 months vs. 4.67 months,
P < 0.001) however, there were no differences in the
median number of treatment cycles prior to mobilization
(4 vs. 4, P = 0.056). The number of patients who received
spinal radiotherapy was similar in both groups (27.7% vs.
23.8%, P = 0.616).

Efficacy and survival outcome

The mobilization data are summarized in Table 2. Fewer
patients failed stem cell collection in the VP-16
mobilization group than in the CY mobilization group
(1.6% vs. 10.8%, P = 0.062). In the VP-16 group, only one
patient showed mobilization failure and also failed to
provide a sufficient amount of stem cells in a subsequent
mobilization attempt using plerixafor. Among the seven
patients who had mobilization failure with CY, three
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Table 2 Mobilization data

Median days of leukapheresis, days (range)
+

6

+

Cyclophosphamide
(n = 65)

Etoposide
(n = 63)

P value

3.0 (2–5)

2.0 (2–3)

< 0.001

Median number of CD34 cells (× 10 CD34 /kg)

9.6 (0.2–71.9)

27.6 (0.6–79.8)

< 0.001

Median number of CD34+ cells collected at day 1 (× 106 CD34+/kg)

2.8 (0.1–31.4)

12.6 (0.5–39.9)

< 0.001

Patients with yield < 2.0 × 106 CD34+/kg, n (%)

7 (10.8)

1 (1.6)

0.062

Patients with yield < 4.0 × 106 CD34+/kg, n (%)

12 (18.5)

1 (1.6)

< 0.001

decided not to pursue ASCT, one received a bone marrow
harvest, one underwent a repeated mobilization procedure
with CY, and two received a second mobilization procedure with G-CSF only. The median number of days for
leukapheresis was significantly shorter in the VP-16 group
than in the CY group (2 days vs. 3 days, P < 0.001). The
median number of CD34+ cells collected on day 1 was
significantly higher in the VP-16 group than in the CY
group (12.6 × 106 CD34+/kg vs. 2.8 × 106 CD34+/kg, P
< 0.001, Fig. 1). In patients who received radiotherapy,
the number of CD34+ cells collected was significantly
higher in the VP-16 group than in the CY group (24.5 ×
106 CD34+/kg vs. 8.68 × 106 CD34+/kg, P < 0.001). As a
result, patients were transplanted with a larger number of
hematopoietic stem cells in the VP-16 group than in the
CY group (16.15 × 106 CD34+/kg vs. 5.71 × 106 CD34+/kg,
P < 0.001).
Fifty-seven patients (87.7%) in the CY group and 56
(88.9%) in the VP-16 group underwent upfront ASCT.
The outcomes following ASCT are summarized in Table 3.
Most patients in the CY group received a high-dose melphalan conditioning regimen (84.2%), whereas VP-16
group patients received either a melphalan and other
agent (48.2%) or a thiotepa and busulfan (35.7%) conditioning regimen. The median time to platelet engraftment
was longer in the VP-16 group than in the CY group (12

Fig. 1 Total number of CD34+ cells collected (× 106 CD34+/kg)
according to the different collection regimens

days vs. 9 days, P = 0.055). The median number of patients
requiring platelet transfusion support during the transplantation period was fewer in the VP-16 group (2 vs. 4,
P < 0.001). There were no significant differences between
the two groups with respect to the median time to neutrophil engraftment. The duration of post-PBSC infusion
hospitalization was shorter in the VP-16 group.
After a median follow-up time of 84.0 months in the
CY group and 12.6 months in the VP-16 group, PFS and
OS were not significantly different between the groups
(PFS, 25.4 vs. 24.3 months, P = 0.806, 99.1 months vs.
not reached, P = 0.113, Fig. 2a, b).
Safety

More patients in the CY group required supportive
transfusion during the mobilization period, which is defined as the time between the first day of mobilization
chemotherapy infusion and the last day of collection. In
all, 42 (64.6%) patients in the CY group and 25 (39.7%)
in the VP-16 group needed transfusion with red blood
cells (P = 0.008). In addition, 47 (72.3%) patients in the
CY group and 24 (38.1%) in the VP-16 group required
platelet transfusions (P < 0.001). Non-hematological toxicities occurred in 35.4% of the CY group and 22.2% of the
VP-16 group. Following mobilization chemotherapy, the
most common non-hematological toxicity was infection.
The overall incidence of infection after mobilization was
higher in the CY group (32.3% vs. 22.2%, P = 0.237). Severe
infection (≥ grade 3) also occurred more often in the CY
group; however, this difference was not statistically significant (18.5% vs. 7.9%, P = 0.117). All patients who developed severe infections were successfully treated with
broad spectrum antibiotics, which resulted in no patient
deaths in either group. Other non-hematological toxicities
included gastrointestinal and hepatotoxicity. One patient
in the CY group, and one in the VP-16 group, showed a
grade 2 aspartate transaminase/alanine transaminase elevation, which recovered following supportive care. One
patient showed a mild hypersensitive reaction, including
pruritus and facial swelling, after infusion of CY, which
was resolved by chlorpheniramine injection. Two patients
complained of grade 1 or 2 nausea and vomiting, and were
also relieved of these symptoms after supportive care.
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Table 3 Result of subsequent autologous stem cell transplantation
Cyclophosphamide
(n = 57)

Etoposide
(n = 56)

Conditioning regimen, n (%)

P value
< 0.001

High-dose melphalan

48 (84.2)

9 (16.1)

Melphalan with another agent

9 (15.8)

27 (48.2)

0 (0.0)

20 (35.7)

Median infused CD34+ cells (× 106 CD34+/kg)

Busulfan-Thiotepa

5.71 (1.85 ~ 12.60)

16.15 (7.10 ~ 39.00)

< 0.001

Post PBSC infusion hospitalization duration, days (range)

15 (13~65)

14 (12~54)

0.005

Time to neutrophil engraftment (> 0.5 × 109/L), days

11 (8 ~ 17)

10 (8 ~ 15)

0.292

9

Time to platelet engraftment (> 20 × 10 /L), days

9 (6 ~ 32)

12 (7 ~ 13)

0.055

Median number of platelet transfusions support during transplantation (range)

4 (1~12)

2 (0~8)

< 0.001

Neutropenic fever

41 (73.2)

36 (67.9)

0.674

Hepatic veno-occlusive disease

0 (0.0)

0 (0.0)

Hemorrhagic cystitis

0 (0.0)

0 (0.0)

Pre-engraftment complications, n (%)

Engraftment syndrome

6 (11.1)

7 (12.5)

Early graft failure

0 (0.0)

0 (0.0)

Treatment-related mortality

1 (1.8)

2 (3.6)

There was no treatment-related mortality during the
mobilization period in either patient group.

Discussion
There is little consensus on the most appropriate regimen for stem cell mobilization for MM. The addition
of plerixafor, a chemokine receptor type 4 inhibitor, to
G-CSF has shown good mobilization results in many
studies and has ignited the pursuit to improve
mobilization regimens [17–19]. However, there is a lack
of research examining both the long-term efficacy and
adverse effects of plerixafor. In addition, it is not clearly

1.000

0.618

defined when plerixafor should be used as a primary
mobilization regimen, nor what type of patients should
be targeted. Another important factor is that plerixafor is
expensive and many countries do not subsidize its use,
which may impose a financial burden on many patients.
As conventional chemo-mobilization is still expected to
play a large role in ASCT, alternatives to plerixafor are
highly desirable. Improved mobilization using VP-16 is
meaningful in this sense, as it is a promising candidate
as a plerixafor replacement.
In patients mobilized with VP-16, many more stem cells
could be collected safely over fewer days of apheresis

Fig. 2 Kaplan-Meier survival curves for progression free survival (a) and overall survival (b) in all patients
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compared to CY mobilization. The number of patients for
whom an adequate amount of stem cells could not be collected was also lower in the VP-16 group. The time from
the first treatment to mobilization was also longer in the
CY mobilization group than the VP-16 mobilization group
(4.67 months vs. 3.88 months, P < 0.001). We surmise that
these differences are due to disparities in the induction
regimen schedule between the two groups. The majority
of induction regimens at our institution follow a 28-day
schedule; however, some regimens have a 21-day schedule.
A greater number of patients in the VP-16 mobilization
group were treated using the 21-day schedule regimen,
although the number of induction cycles prior to
mobilization were not different between the two groups.
As a result, the median time to mobilization was slightly
longer in the CY group than in the VP-16 group. A previous study on VP-16 mobilization in MM demonstrated
that VP-16 successfully mobilized an adequate amount
of stem cells (≥ 5.0 × 106 CD34+/kg) in patients who
were previously given radiation therapy [13]. An evaluation of the subgroup of patients who received prior
radiotherapy showed that the stem cell yield was higher
in VP-16 patients than in CY patients. Although there
were no significant differences in patients who failed
mobilization, the number of CD34+ cells collected was
significantly different between the two methods. Although the number of patients evaluated was too small
to warrant definitive conclusions, we speculate that the
use of VP-16 is able to overcome the adverse effects of
previous radiotherapy.
In this study, the incidence of infection was higher in the
CY group than in the VP-16 group. Because of its highly
immunosuppressive effect, CY has been used for the treatment of autoimmune diseases and acute or chronic
graft-versus-host disease after allogenic hematopoietic
stem cell transplantation. A significant decrease in the
percentage of both central and effector memory T cells
has also been reported in a murine model treated with
CY [20]. In a related experiment, VP-16 selectively
eliminated activated T cells, but did not deplete either
quiescent naïve or memory T cells [21]. Although the
exact etiology is unknown, we speculate that CY has a
more profound immunosuppressive effect than VP-16,
which increases the incidence of infection.
This study also included a patient in whom a sufficient
number of stem cells failed to be collected after VP-16
mobilization. The subsequent use of plerixafor for immediate salvage was also unsuccessful. Plerixafor-containing
regimens have around a 20% failure rate when implemented after failed mobilization, most likely as a result of
a low or defective stem cell reserve [18, 22]. Factors influencing successful stem cell mobilization include age, prior
bone marrow radiotherapy, prior exposure to alkylating
agents, and the number of previous chemotherapy cycles
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[23–26]. Bone marrow reserve, as characterized by platelet
count, or marrow cellularity prior to mobilization, may
also have an effect on the quality of stem cell mobilization
[27, 28]. Therefore, more research examining stem cell reserves will be necessary to enhance the efficacy of
mobilization and to prevent unnecessary suffering.
Because this study was retrospective in nature, the conditioning regimens in both groups differed significantly,
and these differences might have influenced the transplantation results, such as time to neutrophil or platelet
engraftment, and survival outcomes.

Conclusion
In conclusion, the median number of CD34+ cells collected from patients who were mobilized with an intermediate dose of VP-16 and G-CSF was significantly
higher compared to those patients who were mobilized
with CY and G-CSF. The mobilization failure rate was
also lower in the VP-16 mobilization group than in the
CY mobilization group. Although there were no statistically significant differences, severe infections during
the mobilization period developed more frequently in
the CY mobilization group. Therefore, an intermediate
dose of VP-16 and G-CSF might be a more suitable
chemo-mobilization regimen than a regimen of CY and
G-CSF, particularly in situations where plerixafor cannot be implemented.
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