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Abstract

Background—~Plerixafor (Mozobil, AMD3100) with granulocyte-colony stimulating factor (G-
CSF) mobilizes more CD34+ cells/kg compared to G-CSF alone. Given that plerixafor enhances
mobilization of multiple WBC lineages, we determined if more storage space is required for
products collected from patients mobilized with plerixafor.

Methods—A review of the medical records of 15 patients mobilized with chemotherapy and G-
CSF (control) and 14 patients mobilized with plerixafor plus G-CSF (plerixafor) was performed.
Data on demographics, baseline characteristics, CD34+ cells/kg, total nucleated cells, total
mononuclear cells, total apheresis sessions, and total bags for storage were collected. Mean values
were determined and compared using Student’s t-test.

Results—We found that the proportion of CD34+ cells among total nucleated cells was less in
the plerixafor group compared to the control group (P=0.0427). More nucleated cells (10.7 x 1010
vs 7.1 x 1010, P=0.0452) and mononuclear cells (9.7 x 1019 vs 5.9 x 1010, P=0.0059) were
mobilized with plerixafor plus G-CSF. However, there was no significant difference in CD34+
cells/kg, total CD34+ cells or the proportion of mononuclear cells among total nucleated cells
between the two groups. More storage bags were required for the plerixafor group compared to the
control group (15 vs 9, P=0.0299).

Conclusion—Mobilization with plerixafor plus G-CSF resulted in more total nucleated cells
relative to CD34+ cells collected and thus a greater number of storage bags. An increase in the
number of bags required for stem cell storage may be logistically problematic and will also lead to
increased costs for storage of stem cells.
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INTRODUCTION

Plerixafor (Mozobil, AMD3100) is a reversible inhibitor of stromal cell-derived factor-1
(SDF-1) binding to its chemokine receptor CXC chemokine receptor 4 (CXCR4) [1]. Early
studies in HIV infected individuals and healthy volunteers treated with plerixafor showed an
enhancement of circulating white blood cells (WBCs) and peripheral blood stem cells
(PBSCs) [2—-4]. Numerous studies have now shown that plerixafor plus G-CSF is superior to
G-CSF alone at mobilizing hematopoietic stem cells in patients with non-Hodgkin’s
lymphoma, Hodgkin’s disease and multiple myeloma for autologous peripheral blood stem
cell (PBSC) transplantation. More CD34+ cells/kg were collected with plerixafor plus G-
CSF in fewer apheresis days compared to G-CSF alone [5-11]. Furthermore, it is possible to
mobilize some patients with plerixafor who failed initial mobilization [5,9,11]. There was
timely engraftment of PBSCs mobilized after plerixafor plus G-CSF [1]. Additionally, we
have demonstrated at our institution that plerixafor plus G-CSF and cyclophosphamide plus
G-CSF result in similar and adequate stem cell harvests for two or more autologous stem
cell transplants for patients with multiple myeloma [12]. Both approaches were superior to
G-CSF alone.

We set out in this analysis to determine if other factors pertaining to stem cell collection and
storage may help inform the choice of mobilization regimen prior to high-dose
chemotherapy and hematopoietic stem cell transplantation. We considered this possible
since plerixafor has been shown to substantially increase the number of nucleated cells of
many lineages in the periphery [4,13]. At our institution, each storage bag contains 1.4 — 2.6
x 108 cells/ml resuspended in 70ml dimethy! sulfoxide (DMSO), Normosol-R and
autologous plasma mixture. The bags are then stored in tanks in the vapor phase of liquid
nitrogen. Minimizing the number of bags per patient is highly desired because of limited
space as well as to contain costs.

We retrospectively reviewed the medical records of 15 patients who received chemotherapy
and G-CSF (control group) and 14 patients who received plerixafor plus G-CSF (plerixafor
group). These patients were undergoing autologous PBSC transplantation for multiple
myeloma, non-Hodgkin’s lymphoma, amyloidosis and acute promyelocytic leukemia. We
compared the proportion of CD34+ cells among total nucleated cells, CD34+ cells/kg, total
CD34+ cells, apheresis parameters, peripheral blood cell counts and the number of storage
bags in both groups.

METHODS

This is a retrospective study conducted to compare the storage bag requirements after
mobilization with plerixafor plus G-CSF or chemotherapy plus G-CSF. All of the patients
that were included in this study had no prior mobilizations or stem cell collections. Medical
records from 15 patients mobilized with chemotherapy and G-CSF and 14 patients
mobilized with plerixafor plus G-CSF from March to December 2009 were analyzed.
Patients with a diagnosis of multiple myeloma, non-Hodgkin’s lymphoma, amyloidosis and
acute promyelocytic leukemia were included in the study.

Patients were mobilized with 10 pg/kg/day G-CSF for four days and 240 pg/kg/day
plerixafor one day prior to the start of collection. G-CSF and plerixafor were given for an
additional three days after the start of collection. Stem cell collections were initiated when
the peripheral blood CD34+ cell count was at least 6/uL in the chemotherapy plus GCSF
control group. We did not have a minimum peripheral CD34+ cell count for the Plerixafor
group. The peripheral CD34+ counts one day prior to the start of collection (prior to the first
dose of Plerixafor) were not always =6/ul; however when we measured peripheral CD34+
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counts on the day of collection, prior to the start of collection, for a subset of patients in the
Plerixafor group (7/14), we found the peripheral CD34+ count to be >6/ul.

Most of the PBSC collections were performed with a COBE Spectra cell separator (COBE
Spectra, Caridian BTC, Lakewood, CO) using the manual mononuclear cell collection
protocol. The color of the collect line was 2% hematocrit. Two instruments used operating
software version 4.7, one instrument used version 6.1 and another instrument used version
7.0. Three collections were performed with the Fenwal CS 3000 Plus cell separator (Baxter,
Deerfield, IL) using the automatic method. The CS3000 Plus software was used. The
interface detector offset was 100. Two collections were performed with the Fenwal Amicus
cell separator (Baxter, Deerfield, IL) using the automatic method. Software version 2.5 was
used. The following changes were made according to manufacturer recommendations to
optimize stem cell collections: RBC offset was decreased from 2.3 to 1.5 and the RBC
collect volume was decreased from 6.8 to 6.3. The Amicus and CS3000 collections occurred
in the Plerixafor group. Each procedure took approximately 3 hours and the volume of blood
processed was 6-15 L. The anticoagulant ACD-A (Baxter Healthcare Corp., Deerfield, IL)
to whole blood volume ratio was started at 1:12 for all three machines and was ramped up to
1:15 for the COBE Spectra cell separator. The citrate was infused at a rate of 0.8 mL/min.
The standard blood draw flow rate during leukapheresis was 85 mL/min for all three
machines. The collect replace pump was set at 1.0mL/min for the COBE Spectra cell
separator. If the procedure was stopped due to an adverse reaction, a slower blood flow rate
of 50 mL/min was used upon resumption of the procedure which was gradually increased to
85 mL/min, as tolerated. PBSC collections were performed using this protocol regardless of
the patient’s underlying hematologic malignancy. The CD34+ stem cell collection goal for
patients with multiple myeloma was 6.0 x108/kg while the goal for patients with other
malignancies was 4.0 x10%/kg.

PBSCs were stored in 250ml Cryocyte freezing bags (Baxter, Deerfield, IL). Each storage
bag contained 1.4 — 2.6 x 108 cells/ml resuspended in 70ml of freezing medium (10%
dimethyl sulfoxide (DMSQ) and 45% Normosol-R in autologous plasma). These bags were
stored in tanks in the vapor phase of liquid nitrogen. Mononuclear cell content of products
collected with the COBE Spectra was approximately 70-90%, CS3000 was approximately
90% and Amicus was approximately 50-80%. RBC content of products collected with the
COBE Spectra was approximately 2—4%, CS3000 was approximately 16—-20% and Amicus
was approximately 5%. Platelet content of products ranged from 100s to 1000s. The Small
Volume Collection Container (SVCC) used for the CS3000+.

Total nucleated cells in the stem cell product and peripheral blood were measured using the
Coulter LH780 (Beckman Coulter, Fullerton, CA). Mononuclear cells in the stem cell
product and peripheral blood were determined by multiplying the total nucleated cells by the
estimated mononuclear cell percentage which was determined by manual differential.
CD34+ cells were measured by flow cytometry (FACS Calibur, Becton-Dickinson, Franklin
Lakes, NJ).

Data were plotted and statistical analyses were performed using GraphPad Prism 5
(GraphPad Software Inc, La Jolla, CA). Mean values were compared between the two
groups using a 2-tailed Student’s t-test. P<0.05 was considered statistically significant.

The chemotherapy mobilization group received conventional regimens including
cyclophosphamide and G-CSF (n=10); etoposide, methylprednisolone, cytarabine and
cisplatin (ESHAP) (n=2); ifosphamide, carboplatin, and etoposide (ICE) (n=1); Rituximab,
ifosfamide, carboplatin, etoposide (RICE) (n=1); and cyclophosphamide, vincristine,
adriamycin and dexamethasone (CVAD/Hyper-CVAD) (n=1).
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Patients were chosen consecutively over a period of approximately a year that were
mobilized with standard regimens of chemotherapy and G-CSF or plerixafor and G-CSF.
There were more males than females (control, 53%; plerixafor 64%). The mean age of
patients in both groups was similar (58 years old). Most patients carried a diagnosis of
multiple myeloma (control, n=10, 67%; plerixafor, n=9, 64%). Five (33%) control patients
and three (21%) plerixafor patients had non-Hodgkin’s lymphoma. One (7%) patient with
amyloidosis and one (7%) with acute promyelocytic leukemia were also included in the
plerixafor group (Table 1).

A smaller proportion of CD34+ cells among total nucleated cells was found in the plerixafor
group compared to the control group (mean, plerixafor: 49.2 x 1074, control: 115.6 x 1074,
P=0.0427) (Figure 1A). More nucleated cells and mononuclear cells were mobilized with
plerixafor plus G-CSF (mean, nucleated cells: 10.7 x 1010, mononuclear cells: 9.7 x 1010)
compared to chemotherapy plus G-CSF (mean, nucleated cells: 7.1 x 1019, mononuclear
cells: 5.9 x1019) (P=0.0452 and P=0.0059, respectively) (Figures 1B and 1C, Tables Il and
I11). There was no difference in CD34+ cells/kg, total CD34+ cells and proportion of
mononuclear cells to total nucleated cells between the two groups (Figures 1D-F, Tables Il
and I11). More storage bags were required per patient for the plerixafor group compared to
the control group (mean, plerixafor: 15, control: 9, P=0.0299) (Figure 2, Tables Il and III).

The number of apheresis sessions to reach the goal was similar between the two groups
(mean of 3) (Figure 3A). Total blood volume processed per patient was also similar between
the two groups (mean, control: 38.5L, plerixafor: 44.8L) (Figure 3B). No statistically
significant differences were found in the peripheral blood total nucleated cells (mean,
control: 33.2 x 103/ul, plerixafor: 38.4 x 10%/ul) or mononuclear cells (mean, control: 3.1 x
103/ul, plerixafor: 4.2 x 103/ul) in both groups the day prior to the start of collection and
plerixafor administration (Figure 4, Tables Il and I11).

DISCUSSION

Here we report that plerixafor plus G-CSF mobilization leads to an unanticipated
requirement of more storage bags. The increased requirement (Figure 2) is due to the greater
number of mobilized mononuclear and nucleated cells relative to CD34+ cells. In other
words, CD34+ cells constituted a smaller proportion of total nucleated cells (Figure 1A) in
the plerixafor plus G-CSF group. This is the first study to our knowledge that evaluated the
number of storage bags required for patients mobilized with plerixafor plus G-CSF
compared to chemotherapy plus G-CSF.

Differences in pre-collection peripheral blood total nucleated cell and mononuclear cell
counts as well as technical factors during apheresis could potentially account for the
differences in total nucleated and mononuclear cell counts observed in the stem cell product.
However, we show that the pre-collection peripheral blood total nucleated and mononuclear
cell counts as well as the apheresis parameters such as the number of apheresis sessions and
total blood volume processed were similar between the two groups (Figures 3 & 4)
indicating that pre-collection peripheral blood counts and technical factors during apheresis
did not account for the increased mononuclear and total nucleated cell counts observed.

We believe that this is the first report to show that the proportion of CD34+ cells among
total nucleated cells in the product was decreased with plerixafor. Total nucleated cells and
total mononuclear cells were statistically significantly increased in the plerixafor group
compared to the control group. Since CD34+ cell yield is similar between the two groups
(Figure 1D and 1E), then an increase in CD34— mononuclear cells such as B and T cells
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may account for the increased storage bags needed. Liles et al reported that plerixafor-
mobilized leukapheresis products contained significantly greater numbers of T and B cells
compared to G-CSF stimulated leukapheresis products [4]. More recently, Donahue et al
reported that plerixafor and G-CSF mobilize different CD34+ cell populations [13]. By
using global gene and microRNA expression microarrays, they show that plerixafor
mobilized cells were enriched for B cells, T cells and mast cell genes while G-CSF
mobilized cells were enriched for neutrophils and mononuclear phagocyte genes [13]. It is
important to note that it is possible to store mobilized products at slightly higher
concentrations than used in our study. A study by Rowley SD et al [22] showed that high
concentration of cells (3.7 + 1.9 x 108 nucleated cells per ml in 127 + 45ml) could be stored
per bag without a loss of engraftment potential or an increase in toxicity after infusion. This
is twice as concentrated as used in our institution and would reduce the overall number of
bags stored per patient. Nonetheless, it does not change the fact that more storage bags will
still be required for patients mobilized with plerixafor plus G-CSF compared to
chemotherapy plus G-CSF.

Having more bags to store increases cost and is therefore undesirable. It is a straightforward
decision to give plerixafor when patients have failed prior mobilization. Given that certain
conditions are associated with poorer mobilization [8,9,14,15] and higher CD34+ cell
numbers are associated with better outcome [16-20], there are situations when upfront use
of plerixafor and G-CSF are recommended. These include patients with a history of
melphalan exposure, extensive prior therapy or prolonged disease duration and extensive
radiotherapy [21]. Because “supermobilizers” may have better outcomes and difficult to
mobilize patients have poorer outcomes in autologous stem cell transplant for lymphomas
[16], it may be reasonable to consider using plerixafor as first line therapy in additional
cases. Thus, it is important to keep in mind during the process of deciding which
mobilization regimen to use that if plerixafor will be used upfront in the mobilization
regimen, more bags may be needed leading to higher costs.

In summary, we have shown that the proportion of CD34+ cells among total nucleated cells
is less in patients mobilized with plerixafor and G-CSF compared to chemotherapy and G-
CSF. This led to a greater number of storage bags required in the plerixafor plus G-CSF
group of patients which could lead to higher costs.
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Figure 1. Plerixafor mobilization leadsto a smaller proportion of CD34+ cellsamong total

nucleated cells

A. Mean ratio of CD34+ cells to total nucleated cells in the control group (115.6 x 10~4) per
patient was greater compared to the plerixafor group (49.2 x 1074), (P=0.0427).

B. Mean total nucleated cells in the control group (7.1 x 1019) was less compared to the
plerixafor group per patient (10.7 x 1019), (P=0.0452). Total nucleated cells were

determined using the Coulter LH780.

C. Mean total mononuclear cells in the control group (5.9 x 1010) was less compared to the
plerixafor group (9.7 x 1019), (P=0.0059). Mononuclear cells were determined by manual

differential.
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D. Mean CD34+ cells/kg in the control group (6.2 x 10°) was similar to the plerixafor group
(6 x 10%), (P=NS). The number of CD34+ cells was determined using flow cytometry.

E. Mean total CD34+ cells per patient in the control group (460.1 x 10%) was similar to the
plerixafor group (460.8 x 10%), (P=NS). Total CD34+ cells were determined by multiplying
CD34+ cell/kg by the patients’ weight.

F. Mean ratio of mononuclear cells to total nucleated cells per patient in the control group
(0.85) was similar to the plerixafor group (0.93), (P=NS).
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Figure 2. Plerixafor mobilization leadsto increased storage bag requirements
Mean total storage bags per patient required in the control group (9 bags) was less compared
to the plerixafor group (15 bags), (P=0.0299).
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Figure 3. Technical factorsin apheresisdo not account for differencesin total nucleated and
mononuclear cell counts

A. Mean number of apheresis sessions for the control group (3) was similar to the plerixafor
group (3), (P=NS).

B. Mean total blood volume processed per patient for the control group (38.5L) was similar
to the plerixafor group (44.8L), (P=NS).
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Figure 4. Pre-collection peripheral blood cell count does not account for differencesin total
nucleated and mononuclear cell counts

A. Mean peripheral blood total nucleated cells for the control group (33.2 x 103/ul) is
similar to the plerixafor group (38.4 x 103/ul), (P=NS).

B. Mean peripheral blood total mononuclear cells for the control group (3.1 x 103/ul) is
similar to the plerixafor group (4.2 x 10%/ul), (P=NS).
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Patient demographic and baseline characteristics

Characteristics Control  Plerixafor
(n=15) (n=14)
Gender
Male 8 (53%) 9 (64%)
Female 7 (47%) 5 (36%)
Age (mean, years) 58 58
Diagnosis
Multiple myeloma 10 (67%) 9 (64%)
Non-hodgkin’s Lymphoma 5 (33%) 3 (21%)
Amyloidosis None 1 (7%)
Acute promyelocytic leukemia None 1 (7%)
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