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Received 7 June 2018 Because of the potential risk of tumor cell mobilization with granulocyte colony-stimulating factor (G-CSF), it is

Accepted 20 August 2018 crucial to evaluate any potential effect of plerixafor treatment in the presence of G-CSF on multiple myeloma
(MM) cell mobilization. This was an open-label, multicenter, randomized, exploratory, safety study

Keyw‘”d_5~' (NCT01753453) that investigated the extent of MM cell mobilization after treatment with G-CSF + plerixafor in

l/)\lF":rlie;:fSO‘: patients who were deemed poor mobilizers of hematopoietic stem cells. The primary efficacy outcome was the

number of MM cells in peripheral blood and apheresis product after G-CSF + plerixafor treatment versus G-CSF
alone. Key secondary efficacy outcomes included overall survival and disease status up to 2 years after the first
G-CSF dose. Twenty patients were randomized and received at least 1 dose of study treatment. There were no
patients with MM cells in peripheral blood up to day 8 G-CSF administration in either treatment group. Up to day
8 no patient in the G-CSF + plerixafor arm and only 1 patient in the G-CSF arm mobilized at least 4.5 x 10° MM
cells in the apheresis product. Nine of 10 patients from each treatment arm proceeded to transplantation. MM
cells were detected in 5 patients from each treatment arm before and after transplantation. Adverse events
observed in the G-CSF + plerixafor arm were consistent with the known safety profile of plerixafor. No MM cells
were detected in peripheral blood of either treatment group up to day 8 of mobilization. Only 1 patient in the
G-CSF alone group mobilized at least 4.5 x 10> MM tumor cells in apheresis product up to day 8. However, 50% of
patients in both treatment arms had detectable amounts of MM cells in their peripheral blood pre- and post-

transplantation. There were no new safety concerns with plerixafor.
© 2018 American Society for Blood and Marrow Transplantation. This is an open access article under the CC BY-
NC-ND license. (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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INTRODUCTION

Autologous transplantation of hematopoietic stem cells
(HSCs) is a widely used strategy for hematologic and immuno-
logic recovery after high-dose chemotherapy for hematologic
malignancies, such as multiple myeloma (MM), non-Hodgkin
lymphoma, Hodgkin disease, and other cancers, including
germ cell tumor and neuroblastoma [1]. After chemotherapy
induction, regardless of whether or not the chemotherapy has
been accompanied by cytokine (usually granulocyte colony
stimulating factor [G-CSF]) treatment, or after the patient has
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received treatment with a cytokine alone (such as G-CSF) with-
out associated chemotherapy, HSCs for transplantation are
usually obtained from the peripheral blood.

Plerixafor (Mozobil, Sanofi Genzyme, Oxford, UK) in combi-
nation with G-CSF has been approved in the European Union
to enhance the mobilization of HSCs to the peripheral blood
for collection and subsequent autologous transplantation in
patients with lymphoma and MM who are recognized as poor
mobilizers of HSCs. Plerixafor is a selective, reversible inhibitor
of the CXC4 chemokine receptor (CXCR4) and blocks the bind-
ing of its cognate ligand (stromal cell-derived factor 1 [SDF-1],
also known as CXCL12) [2]. Disruption of the CXCR4/SDF-1
ligand binding causes the mobilization of CD34" stem cells
from the stromal microenvironment to the peripheral blood
but could also potentially cause the mobilization of MM tumor
cells [3]. Although CXCR4 is expressed on the surface of many
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tumor cells, it is not always functional; therefore, blocking its
function may not result in a measurable mobilization of tumor
cells [4].

Concerns have been raised that agents that mobilize cells
using the CXCR-4/CXCL12 interaction may theoretically also
mobilize tumor cells [5,6]. The likelihood of tumor cell mobili-
zation in peripheral blood and apheresis product at the same
time of CD34" cell mobilization continues to be controversial
[7]. One study found that mobilization with G-CSF alone
resulted in tumor cell contamination in 25% of patients with
MM [8]. However, another study showed significantly fewer
tumor cells in apheresis products from patients with MM
treated with cyclophosphamide plus G-CSF compared with G-
CSF alone [9]. It has been hypothesized that the interruption of
the SDF-1/CXCR4 axis using plerixafor could result in the
mobilization of tumor cells, particularly leukemia cells from
their niche [10,11]. It is believed that targeting the microenvi-
ronment could be exploited by sensitizing leukemia cells to
chemotherapy [10,12-15]. Indeed, Azab et al. [16] extended
this concept by showing that plerixafor disrupted MM cells in
the bone marrow and made them more accessible to treatment
with bortezomib.

Because of the potential risk of tumor cell mobilization with
G-CSF, it is crucial to evaluate any potential effect of plerixafor
treatment in the presence or absence of G-CSF on MM tumor
cell mobilization. This European Medicines Agency postap-
proval safety study investigated whether G-CSF + plerixafor
treatment compared with G-CSF alone, when used for the
mobilization of HSCs in patients with MM, also affected the
mobilization of tumor cells.

METHODS
Study Design

This was an open-label, multicenter, randomized, exploratory, safety
study (ClinicalTrials.gov Identifier NCT01753453) that investigated the extent
of MM tumor cell mobilization after treatment with G-CSF alone or + plerixa-
for in patients who were deemed poor mobilizers of HSCs. The study design
is shown in Figure 1.

Eligibility included patients aged > 18 years with a diagnosis of MM in
partial or complete response who were to receive autologous HSC transplan-
tation and were considered potentially poor mobilizers of HSCs. A potentially
poor mobilizer was defined as a person who before study entry in the judg-
ment of the investigator may not mobilize HSCs successfully for reasons such
as prior lenalidomide use. Exclusion criteria included patients without East-
ern Cooperative Oncology Group performance status of O to 1, a history of
acute or chronic leukemia, prior allogeneic or autologous transplantation,
less than 3 to 6 weeks since last anticancer treatment, bone marrow involve-
ment of >10% plasma cells before first G-CSF, treatment with G-CSF or other
cytokines within 14 days before first dose of G-CSF for mobilization, and pre-
vious plerixafor treatment (see Supplementary Methodology for other exclu-
sions).

The study was conducted in accordance with the Declaration of Helsinki
and the International Conference on Harmonisation Guidelines for Good Clin-
ical Practice. For all sites, approval of the protocol was obtained from the gov-
ernmental authorities and Institutional Review Board(s).

Randomization

Each patient was assigned an identification number at screening and ran-
domized into the study on day 4 after receiving 4 doses of G-CSF if they had
reached a minimum of >10 CD34" stem cells/uL of peripheral blood required
for apheresis. If the target number of HSCs required for randomization was
not collected, the patient was discontinued from the study. Discontinued
patients were replaced until patients in each arm had undergone at least 1
apheresis. Eligible patients were randomized 1:1 to receive either nonpegy-
lated G-CSF + plerixafor or nonpegylated G-CSF alone. Doses were adminis-
tered according to the current label .24 mg/kg of plerixafor. Patients were
allocated to treatment according to a computer-generated randomization
performed by Interactive Voice/Web Response System.

Primary Endpoint Analysis

The primary efficacy endpoint of the study was to evaluate the MM
tumor cells in peripheral blood and in the apheresis product after G-
CSF + plerixafor treatment (compared with G-CSF alone) using the flow

cytometry technology. A 6-color flow cytometry assay was used to assess the
presence of different phenotypes of cells in peripheral blood and apheresis
product (see Supplementary Methodology for details). The presence of MM
tumor cells in peripheral blood was analyzed by flow cytometry analysis at
scheduled time points on days 1 to 3, day 4 (before randomization), and days
5 to 8. Samples were also collected for blood analysis pretransplantation,
100 days post-transplantation + 14 days, and 6 months after the first dose of
G-CSF + 14 days (see Supplementary Methodology for details of mobilization
assessments). The proportion of patients who mobilized at least 4.5 x 10°
MM tumor cells/kg body weight as measured in each apheresis product were
summarized by study arm. A cell threshold was applied: 4.5 x 10° MM tumor
cells/kg body weight. This was an agreed value in Europe to provide enough
infused cells to restart the tumor growth when apheresing the CD34" cells
[3,10]. The percentage of patients for tumor cell mobilizations into peripheral
blood was summarized by study arm as MM tumor cell/CD34" cell count.

Secondary Endpoint Analysis

The yield of CD34" cells/kg was determined at central laboratories for
each day of apheresis according to the following variables: actual and cumu-
lative CD34" yield in the apheresis product, the proportion of patients reach-
ing the minimal target of CD34" cell collection (total of 2 x 10° CD34" cells/kg
in the total apheresis product), and the proportion of patients reaching opti-
mal target of CD34" cell collection (total of 6 x 10° CD34" cells/kg in the total
apheresis product). Survival and disease status were key secondary endpoints
and were performed in all patients at 100 days post-transplantation (for ran-
domized patients who received a transplant) and then every 6 months after
the first G-CSF dose (for all randomized patients, irrespective of transplant
status).

Overall survival was defined as the time interval between the date of ran-
domization and the date of death from any cause. Progression-free survival
was defined as the time interval from the date of randomization to the date
of progressive disease or death due to any cause, whichever came first. Sur-
vival curves were presented in each treatment group using nonparametric
Kaplan-Meier estimates [17] as well as survival rate at 6, 12, 18, and 24
months. The median survival was also estimated. The best overall response
was the best response for each patient observed from the start of treatment
until disease progression or the end of the 2-year follow-up and was summa-
rized for patients with at least 1 available disease status by treatment group.

Exploratory Analysis

Exploratory analysis examined hematopoietic progenitors and MM
tumor cells in peripheral blood samples and apheresis samples collected
from patients to evaluate CD184 (CXCR4) expression on the relevant cell pop-
ulations.

Safety

Adverse events (AEs) and treatment-emergent AEs (TEAEs) occurring
from the time of informed consent until 30 days after the last dose of study
drug or first dose of myeloablative chemotherapy, whichever occurred first,
were collected. Medical and surgical history included relevant history other
than MM and was coded using the version of Medical Dictionary for Regula-
tory Activities (MedDRA v19.0, https://www.meddra.org/how-to-use/sup
port-documentation/english).

Statistical Analysis

All primary and secondary endpoint analyses were summarized by treat-
ment group on the intention-to-treat population using descriptive statistics.
Continuous data were summarized using the number of available data, mean,
standard deviation, median, minimum, and maximum for each treatment
group. Categorical and ordinal data were summarized using the number and
percentage of patients in each treatment group.

RESULTS
Baseline Characteristics

Of the 28 patients screened, 23 (82.1%) were treated with
G-CSF and 5 were screen failures because inclusion criteria
were not met. Three patients received G-CSF but were not
assigned to a treatment group because of a low CD34" cell
count on day 4 (Figure 1). A total of 20 patients were random-
ized and received at least 1 dose of study treatment (either
G-CSF alone or G-CSF + plerixafor: intention-to-treat and safety
populations). Patient demographics are shown in Table 1. The
overall mean age was 58.7 + 8.69 years with an age range of
42 to 70 years. The mean baseline (last value before randomi-
zation) CD34" cells from peripheral blood were 49.8 + 38.7
cells/uL and 26.2 + 17.5 cells/uL for the G-CSF alone arm and
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Day 1, morning
« Peripheral blood collected for myeloma cell count
*» Mobilization with 10 pg/kg/day G-CSF

2

Days 2 to 3, morning
* Mobilization with 10 pg/kg/day G-CSF

12

Day 4, morning
« Peripheral blood collected for myeloma cell count, CD34+ cell count, CBC and serum chemistry
» Mobilization with 10 pg/kg/day G-CSF

v

Patient reached minimum CD34+ cell level
(10 CD34+ cells/uL)

Yes

\No

| Patient discontinued from the study

G-CSF alone group|

| G-CSF plus plerixafor group I

* Plerixafor 240 pg/kg (repeat on days 5, 6 and 7 as needed)

Day 4, evening

v

Day 5, morning
« Peripheral blood collected for myeloma tumor cell count, CD34+ cell count, CBC and serum chemistry
» Mobilization with 10 pg/kg/day G-CSF ~1 hour prior to apheresis
« For plerixafor group only: apheresis within 10-11 hours of day 4 evening dose
« Apheresis conducted — sample obtained from every apheresis product, CD34+ cells and myeloma cells determined

¥

No . : . : .
I 20.8 x 10° CD34- cells collected within 2 days of apheresis? '—ﬂ Discuss study continuation options with sponsor |

Yes ¥

| 26.0 x 10° CD34+ cells collected within 4 days of apheresis? '—)1 <2 x 10° CD34+ cells within 4 days of apheresis? |

Yes ¥

| Ablative chemotherapy |

N

Single autologous transplantation
(within 2 months of final apheresis)

v

No
o
l

Follow-up transplantation

100 days and every 6 months for 2 years

Yes v

Patient withdrawn from study treatment |

Figure 1. Study design.

G-CSF + plerixafor arm, respectively. MM IgG was reported in
13 patients (65%), MM IgM in 2 patients (1 from each group),
light chain MM in 5 patients (2 patients from the G-CSF + pler-
ixafor group and 3 patients from the G-CSF alone group), and 2
patients with IgA MM (1 patient from each group).

Primary Endpoint Analysis

There were no patients with MM tumor cells in peripheral
blood at day 5 up to day 8 before G-CSF administration in
either treatment group, and no patients in either treatment
group with tumor cell mobilization in the peripheral blood
from day 4 before G-CSF to day 5 before G-CSF. The number of
MM cells in the apheresis product from day 5 to day 8 is shown
in Table 2. At day 8 the cumulative mean number of MM cells
in the apheresis product in the G-CSF alone and the
G-CSF+ plerixafor arms was 1.3 x 10° cells/kg and 0.6 x 10°
cells/kg, respectively. One patient in the G-CSF alone arm
(day 6) mobilized at least 4.5 x 10°> MM cells in the cumulative
apheresis product and none in the G-CSF + plerixafor arm.

The mean percentage of MM tumor cells/CD34" cells in the
apheresis product at day 5 were 2.0% and .7% in patients from
the G-CSF alone and the G-CSF + plerixafor arms, respectively
(Supplementary Table 1). Overall (days 5 to 8), the mean per-
centage of MM tumor cells/CD34" cells was 3.1% and .6% in the
G-CSF alone and G-CSF + plerixafor arms, respectively.

Secondary Endpoint Analysis

The total yield of CD34" cells was greater in the
G-CSF + plerixafor arm compared with the G-CSF alone arm at
each apheresis (Table 3). After the first apheresis patients from
the G-CSF alone and G-CSF + plerixafor arms had a mean yield
of 4.6 x10° CD34"* cells/kg and 7.3 x 10° CD34* cells/kg,
respectively. The total mean yield for up to 4 aphereses was
6.8 x 10° CD34" cells/kg and 8.5 x 10° CD34" cells/kg for the
G-CSF alone and G-CSF + plerixafor groups, respectively. The
mean plerixafor treatment exposure was 1.4 days with
7 patients requiring 1 apheresis, 2 patients requiring 2 aphere-
ses, and 1 patient requiring 3 aphereses to reach target cell
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Table 1
Patient Demographics at Baseline® (Intention-to-Treat Population)

Table 4
Best Overall Response to Treatment (Intention-to-Treat Population)*

Parameter G-CSF Alone(n=10) G-CSF + Plerixafor(n=10)
Age, yr 583 +9.1 59.1 +8.8

Age range, yr 42.0-69.0 43.0-70.0
Age group

<60 yr 6 (60) 4(40)

>60 yr 4(40) 6 (60)
Sex

Male 6 (60) 4(40)

Female 4 (40) 6(60)
White race 10(100) 10(100)
CD34" cell count, cells/uL.  49.8 + 38.7 262+ 17.5

Range 12.0-112.0 7.0-60.0
Cancer subtype

MM IgG 6(60) 7(70)

MM IgM 0 0

Other 4(40) 3(30)
Staging of MM

[ 5(50) 5(50)

Il 2(20) 2(20)

11 3(30) 2(20)
Time from initial diagnosis 4.1+ 1.4 55+3.2
(months)

Range 2.3-64 2.8-129
ECOG performance status

0 7(70) 3(30)

1 3(30) 7(70)

Values are mean =+ SD or n (%), unless otherwise defined. ECOG indicates East-
ern Cooperative Oncology Group.
*Baseline value is the last available value before randomization.

Table 2
MM Tumor Cells (10° cells/kg) in the Apheresis Product Evaluated from Days 5
to 8 (Intention-to-Treat Population)

Time Point G-CSF Alone(n=10) G-CSF + Plerixafor(n =1 0)

Day 5 (n=10) (n=10)
Mean + SD S5+1.1 S5+1.1
Range .0-35 .0-2.8

Day 6 (n=7) (n=3)
Mean + SD 1.2+28 345
Range .0-7.4 .0-9

Day 7 (n=3) (n=1)
Mean + SD 0+.0 .0 (NC)
Range .0-0 .0-0

Day 8 (n=1) (n=0)
Mean + SD .0(NC)
Range .0-.0

Overall (n=10) (n=10)
Mean + SD 13+34 6+13
Range .0-10.9 .0-3.7

NC indicates not calculated; SD, standard deviation.

Table 3
CD34" (10° cell/kg) Yield in the Apheresis Product (Intention-to-Treat Population)

Apheresis Number G-CSF Alone(n=10)  G-CSF + Plerixafor(n = 10)

1 (n=10) (n=10)
Mean =+ SD 46+3.2 73 +45
Range 1.4-9.9 .5-15.1

2 (n=7) (n=3)
Mean =+ SD 26+1.1 36+24
Range 1.6-4.6 1.5-6.2

3 (n=3) (n=1)
Mean + SD 13+ 3 1.7 £ (NC)
Range 1.0-1.5 1.7-1.7

4 (n=1) (n=0)
Mean + SD .1 £(NC)

Range -1

Overall (apheresis 1-4) (n=10) (n=10)
Mean =+ SD 6.8+29 85+33
Range 2.1-11.2 5.3-15.1

NC, not calculated; SD, standard deviation.

Response, n (%) G-CSF Alone G-CSF + Plerixafor
(n=10)' (n=10)

Stringent complete response 0 1(10%)

Complete response 0 2(20%)

Very good partial response 6 (60%) 4 (40%)

Partial response 2 (20%) 2 (20%)

Stable disease 0 0

Progressive disease 1(10%) 1(10%)

*Best overall response observed from randomization until disease progres-
sion or the end of the 2 years follow-up.
fOne patient randomized but did not receive study treatment.

numbers. All patients in both treatment arms reached the min-
imum target of >2 x 10® CD34" cells/kg and 4 of 10 in the
G-CSF alone and 7 of 10 patients in the G-CSF + plerixafor arms
reached the optimal target of >6 x 10° CD34" cells/kg. Analy-
ses on peripheral blood and apheresis product showed that 2
of 10 patients (20%) and 7 of 10 patients (70%) in the G-CSF
alone and G-CSF + plerixafor arms, respectively, required only
1 apheresis procedure to reach >6x 10° CD34" cells/kg
(exceeding the target value for engraftment of >2 x 106 cells).

Nine of 10 patients from each treatment arm proceeded to
transplantation. The mean time to transplantation was
15.1 days and 11.0 days for the G-CSF and G-CSF + plerixafor
arms, respectively. The best overall response to treatment
from randomization until disease progression or the end of the
2-year follow-up period is shown in Table 4. Two patients
from the G-CSF+plerixafor arm experienced complete
response to treatment compared with no patients in the G-CSF
arm alone. Six patients from the G-CSF alone arm had a very
good partial response compared with 4 patients from the
G-CSF + plerixafor arm. Two patients from the G-CSF alone arm
and 3 patients from the G-CSF + plerixafor arm died before the
end of the 2-year follow-up period. Disease progression was
reported in 2 patients from each arm of the study.

Exploratory Analysis

Cell subtype analyses were performed on peripheral blood
and apheresis samples that had mobilized MM tumor cells,
either CD38"*/CD138%/CD19~/CD56" cells (reported as MM1
cells) and CD38"/CD138*/CD19~/CD56~ cells (reported as
MM2 cells). MM1 and/or MM2 cells were detected at different
time points in 10 of 18 transplanted patients in both treatment
arms before and after autologous transplantation (5 patients in
the G-CSF alone arm and 5 patients in the G-CSF + plerixafor
arm) (Figure 2). Among these 10 patients MM cells were
detected after transplantation in 4 patients (1 in G-CSF and 3
in G-CSF + plerixafor arms, respectively). However, at the last
follow-up visit MM cells were not detectable in 7 of 10 trans-
plant patients (4/5 patients in G-CSF alone and 3/5 patients in
G-CSF + plerixafor groups).

Safety

The mean number of days of treatment with G-CSF was
6.0 days and 5.4 days for the G-CSF alone and the G-CSF + pler-
ixafor groups, respectively. The mean G-CSF total dose was
similar between treatment groups (59.5 + 13.1 pg/kg G-CSF
alone and 53.8 + 7.7 pg/kg G-CSF + plerixafor). The average
dose of plerixafor per body weight was .24 nug/kg/day. Ten
patients (50%) experienced TEAEs (3 G-CSF alone and 7
G-CSF + plerixafor), of which 9 TEAEs were regarded as related
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.. Detection before transplantation: AP &/or PB Detection after transplantation: PB m
MM1 MM2 MM1 MMm2

0.01% No detection No detection No detection FUP5
pre-transplant in AP No detection

0.01% 0.01% day 5 AP
pre-transplant in AP 0.01% day 6 AP

G-CSF
5 patients

0.09% day 6 AP
& pre-transplant

No detection

6 No detection No detection No detection 0.04% FUP2 FUP5
No detection

5 patients

0.01% day 1 PB
& pre-transplant

0.01% day 6 AP

G-CSF+plerixafor

7 No detection No detection 0.03% FUP3
8 No detection No detection 0.03% FUP1 0.02% FUP1 FUP5
No detection

1.48% FUP1

No detection No detection FUP5
No detection

No detection 0.01% day 1 AP No detection No detection FUP5
No detection

No detection No detection No detection 0.01% FUP 6 months FUP5
No detection

0.31% FUP1
0.27% FUP2
0.13% FUP3

0.06% FUP1
0.19% FUP2
0.19% FUP3

Deceased

0.01% FUP3 No tumor cells
FUP4 Deceased

0.04% FUP1 No tumor cells
FUP2 Deceased

10 No detection 0.02% day 5 AP No detection No detection FUP5
No detection

Figure 2. Patients with MM cells detected in either apheresis product and/or peripheral blood.
AP indicates apheresis product; FUP, follow-up of patients after transplantation; PB, peripheral blood. FUP 1 =100 days; FUP 2 =6 months; FUP 3 =12 months;
FUP 4 = 18 months; FUP 5 = 24 months post-transplantation. % of MM cells are expressed among WBCs.

to study treatment (3 G-CSF and 6 G-CSF + plerixafor). One
patient from the G-CSF + plerixafor arm experienced a grade
3 TEAE (pleural effusion), which was also reported as a seri-
ous TEAE. There were no AEs leading to the permanent dis-
continuation of treatment or death in either treatment
group. Overall, 7 patients (2 patients receiving G-CSF, 5
patients receiving G-CSF+ plerixafor) reported 12 post-
treatment serious AEs (11 disease progression, 1 multiple-
organ dysfunction syndrome). Five patients died due to dis-
ease progression during the post-treatment follow-up
period. The most frequently reported TEAEs were associ-
ated with the system organ class of musculoskeletal and
connective tissue disorders (3 patients receiving G-CSF and
6 patients receiving G-CSF + plerixafor).

DISCUSSION

The primary endpoint of this study was to evaluate the
presence of MM tumor cells in peripheral blood and in the
apheresis product after G-CSF + plerixafor treatment. The study
showed no evidence that administration of G-CSF + plerixafor
had an effect on the number of MM cells mobilized compared
with G-CSF administration alone. There were no patients with
MM tumor cells in peripheral blood evaluated at day 4 before
G-CSF administration up to day 8 before G-CSF administration
in either treatment group. At day 5 no patients in either treat-
ment arm had mobilized >4.5 x 10° MM tumor cells/kg in the
apheresis product (although a single patient in the G-CSF alone
group exceeded this threshold number of MM tumor cells on
day 6), which others have shown is a sufficient number of cells
for tumor cell proliferation and poor clinical outcome [3,10].
The mean cumulative number of MM tumor cells from

days 5 to 8 also remained below the threshold of >4.5 x 10°
MM tumor cells/kg in the apheresis product. The overall
(days 5 to 8) percentage of MM tumor cells/CD34" cells in the
apheresis product was also low at .03% and .01% for the G-CSF
alone and G-CSF + plerixafor groups, respectively.

The secondary endpoint of the study included the CD34"
stem cell yield in the apheresis product, and in line with previ-
ous studies the G-CSF+ plerixafor arm yielded a larger total
yield of CD34" stem cells despite the lower baseline peripheral
blood CD34" cell count in the plerixafor group compared with
G-CSF treatment alone [18-23]. All patients in both treatment
groups reached the minimum target of >2 x 106 CD34" cells/
kg, but more patients in the G-CSF+ plerixafor (70%) group
reached the optimal number of CD34" cells/kg (>6 x 10°
CD34" cells/kg) compared with G-CSF (40%) treatment alone.
Furthermore, our study confirms the findings from previous
studies that plerixafor added to G-CSF improves the yield of
CD34" stem cells in apheresis product compared with G-CSF
alone in patients who are considered to be poor mobilizers of
CD34" cells based on preapheresis peripheral blood CD34" cell
counts [7,24-26].

The effect of G-CSF plus plerixafor on tumor cell contamina-
tion of peripheral blood and apheresis product has been inves-
tigated in several studies [6,7,27,28]. One study of 12 patients
(10 patients with lymphoma and 2 patients with myeloma)
treated with plerixafor + G-CSF for stem cell mobilization
showed no detectable tumor cells were present in the periph-
eral blood or apheresis product [6]. This finding was supported
by the findings from another study that showed the absence of
tumor cell mobilization after treatment with G-CSF and plerix-
afor in myeloma patients known to be poor mobilizers [7].
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Our findings support the results of these previous studies
showing that tumor cells are not enhanced in the peripheral
blood or apheresis products of patients with MM treated with
G-CSF + plerixafor compared with G-CSF alone [6,7].

In our study 18 patients (9 patients from each arm) pro-
ceeded to transplantation, and 2 patients in the G-CSF + plerixa-
for arm achieved a complete response to treatment. The number
of patients proceeding to transplantation from both treatment
arms is in line with findings from larger randomized studies
[29]. The mean time of transplantation from the last apheresis
was 15.1 days for the G-CSF alone group and 11.0 days for the
G-CSF + plerixafor group. MM (MM1 and MM2) tumor cells were
detected in both treatment arms before and after autologous
transplantation (5 patients from each arm). Among these
10 patients MM cells were detected in 4 patients (1 from the
G-CSF alone arm and 3 from G-CSF + plerixafor arm) after trans-
plantation and in patients during follow-up (Figure 2). This may
be due to the low number of MM tumor cells detected in the
apheresis product per CD34" cells (a mean of 3.1% MM tumor
cells in the G-CSF alone arm and .6% MM cells in the G-
CSF + plerixafor arm). However, at the last follow-up visit MM
cells were no longer detectable in 7 of 10 patients (4 patients
from the G-CSF alone and 3 patients from the G-CSF + plerixafor
arm). AEs observed in the G-CSF + plerixafor arm of the study
were consistent with the known safety profile of plerixafor, with
no new safety concerns detected [7,18,19,21-23,25,29-31].

In conclusion, the primary endpoint of the study was to
evaluate the presence of MM tumor cells in peripheral blood
and in the apheresis product after plerixafor treatment. This
study showed no evidence that the administration of plerixafor
in addition to G-CSF had an effect on the number of MM cells
mobilized compared with G-CSF administration alone. There
were no patients with MM tumor cells/CD34" cell count in
peripheral blood evaluated at day 5 up to day 8 before G-CSF
administration in either treatment group. Nine of 10 patients
(90%) from each treatment arm proceeded to transplantation,
but MM tumor cells were detected in either the apheresis
product and/or in the peripheral blood post-transplantation in
50% of patients in each treatment arm. The G-CSF + plerixafor
arm yielded a larger total yield of CD34" cells than the G-CSF
alone arm at each apheresis. The safety profile of plerixafor
observed in this study is consistent with that already docu-
mented for this drug, with no new safety concerns detected.

ACKNOWLEDGMENTS

The authors thank Jacqueline Courta, Sanofi, for flow
cytometry analyses. Editorial support was provided by John
Clarke, Envision Scientific Solutions, Horsham, UK, and funded
by Sanofi.

Qualified researchers may request access to patient level
data and related study documents including the clinical study
report, study protocol with any amendments, blank case report
form, statistical analysis plan, and dataset specifications.
Patient level data will be anonymized and study documents
will be redacted to protect the privacy of trial participants. Fur-
ther details on Sanofi's data sharing criteria, eligible studies,
and process for requesting access can be found at: https://
www.clinicalstudydatarequest.com

Financial disclosure: The study was sponsored by Sanofi.

Conflict of interest statement: The study was sponsored by
Sanofi. VP has received personal fees from Sanofi, Janssen and
Novartis and non-financial support from Amgen and Takeda.
QL and MC are Sanofi employees. HN and JL have nothing to
disclose.

SUPPLEMENTARY DATA
Supplementary data related to this article can be found
online at doi:10.1016/j.bbmt.2018.08.020.

REFERENCES

1. Peled A, Petit I, Kollet O, et al. Dependence of human stem cell engraft-
ment and repopulation of NOD/SCID mice on CXCR4. Science.
1999;283:845-848.

2. Uy GL, Rettig MP, Cashen AF. Plerixafor, a CXCR4 antagonist for the mobili-
zation of hematopoietic stem cells. Expert Opin Biol Ther. 2008;8:1797-
1804.

3. Kopp HG, Yildirim S, Weisel KC, Kanz L, Vogel W. Contamination of autolo-
gous peripheral blood progenitor cell grafts predicts overall survival after
high-dose chemotherapy in multiple myeloma. J Cancer Res Clin Oncol.
2009;135:637-642.

4, Airoldi I, Raffaghello L, Piovan E, et al. CXCL12 does not attract CXCR4+
human metastatic neuroblastoma cells: clinical implications. Clin Cancer
Res. 2006;12:77-82.

5. Grignani G, Perissinotto E, Cavalloni G, Carnevale Schianca F, Aglietta M.
Clinical use of AMD3100 to mobilize CD34+ cells in patients affected by
non-Hodgkin's lymphoma or multiple myeloma. J Clin Oncol. 2005;23:
3871-3872.

6. Herbert KE, Demosthenous L, Wiesner G, et al. Plerixafor plus pegfilgras-
tim is a safe, effective mobilization regimen for poor or adequate mobiliz-
ers of hematopoietic stem and progenitor cells: a phase I clinical trial.
Bone Marrow Transplant. 2014;49:1056-1062.

7. Tricot G, Cottler-Fox MH, Calandra G. Safety and efficacy assessment of
plerixafor in patients with multiple myeloma proven or predicted to be
poor mobilizers, including assessment of tumor cell mobilization. Bone
Marrow Transplant. 2010;45:63-68.

8. Anagnostopoulos A, Aleman A, Yang Y, et al. Outcomes of autologous stem
cell transplantation in patients with multiple myeloma who received
dexamethasone-based nonmyelosuppressive induction therapy. Bone
Marrow Transplant. 2004;33:623-628.

9. Cremer FW, Kiel K, Wallmeier M, Haas R, Goldschmidt H, Moos M.
Leukapheresis products in multiple myeloma: lower tumor load after
mobilization with cyclophosphamide plus granulocyte colony-stimu-
lating factor (G-CSF) compared with G-CSF alone. Exp Hematol.
1998;26:969-975.

10. DiPersio JF, Ho AD, Hanrahan ], Hsu FJ, Fruehauf S. Relevance and clinical
implications of tumor cell mobilization in the autologous transplant set-
ting. Biol Blood Marrow Transplant. 2011;17:943-955.

11. LanzaF, Gardellini A, Laszlo D, Martino M. Plerixafor: what we still have to
learn. Expert Opin Biol Ther. 2015;15:143-147.

12. Dillmann F, Veldwijk MR, Laufs S, et al. Plerixafor inhibits chemotaxis
toward SDF-1 and CXCR4-mediated stroma contact in a dose-dependent
manner resulting in increased susceptibility of BCR-ABL+ cell to imatinib
and nilotinib. Leuk Lymph. 2009;50:1676-1686.

13. Zeng Z, Shi YX, Samudio IJ, et al. Targeting the leukemia microenviron-
ment by CXCR4 inhibition overcomes resistance to kinase inhibitors and
chemotherapy in AML. Blood. 2009;113:6215-6224.

14. Liesveld JL, Bechelli ], Rosell K, et al. Effects of AMD3100 on transmigration
and survival of acute myelogenous leukemia cells. Leuk Res.
2007;31:1553-1563.

15. Burger JA, Peled A. CXCR4 antagonists: targeting the microenvironment in
leukemia and other cancers. Leukemia. 2009;23:43-52.

16. Azab AK, Runnels JM, Pitsillides C, et al. CXCR4 inhibitor AMD3100 dis-
rupts the interaction of multiple myeloma cells with the bone marrow
microenvironment and enhances their sensitivity to therapy. Blood.
2009;113:4341-4351.

17. Kaplan EL, Meier P. Nonparametric estimation from incomplete observa-
tion. J Am Stat Assoc. 1958;53:457-481.

18. DiPersio JF, Uy GL, Yasothan U, Kirkpatrick P. Plerixafor. Nat Rev Drug Dis-
cov. 2009;8:105-106.

19. Hubel K, Fresen MM, Apperley JF, et al. European data on stem cell mobili-
zation with plerixafor in non-Hodgkin's lymphoma, Hodgkin's lymphoma
and multiple myeloma patients. A subgroup analysis of the European Con-
sortium of Stem Cell Mobilization. Bone Marrow Transplant.
2012;47:1046-1050.

20. Nademanee AP, DiPersio JF, Maziarz RT, et al. Plerixafor plus granulocyte
colony-stimulating factor versus placebo plus granulocyte colony-stimu-
lating factor for mobilization of CD34(+) hematopoietic stem cells in
patients with multiple myeloma and low peripheral blood CD34(+) cell
count: results of a subset analysis of a randomized trial. Biol Blood Marrow
Transplant. 2012;18:1564-1572.

21. Russell N, Douglas K, Ho AD, et al. Plerixafor and granulocyte colony-stim-
ulating factor for first-line steady-state autologous peripheral blood stem
cell mobilization in lymphoma and multiple myeloma: results of the pro-
spective PREDICT trial. Haematologica. 2013;98:172-178.

22. Sanchez-Ortega I, Querol S, Encuentra M, et al. Plerixafor in patients with
lymphoma and multiple myeloma: effectiveness in cases with very low
circulating CD34+ cell levels and preemptive intervention vs remobiliza-
tion. Bone Marrow Transplant. 2015;50:34-39.


https://www.clinicalstudydatarequest.com
https://www.clinicalstudydatarequest.com
https://doi.org/10.1016/j.bbmt.2018.08.020
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0001
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0001
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0001
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0002
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0002
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0002
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0003
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0003
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0003
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0003
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0004
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0004
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0004
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0005
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0005
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0005
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0005
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0006
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0006
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0006
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0006
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0007
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0007
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0007
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0007
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0008
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0008
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0008
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0008
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0009
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0009
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0009
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0009
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0009
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0010
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0010
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0010
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0011
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0011
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0012
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0012
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0012
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0012
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0013
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0013
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0013
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0014
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0014
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0014
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0015
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0015
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0016
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0016
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0016
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0016
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0017
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0017
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0018
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0018
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0019
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0019
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0019
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0019
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0019
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0020
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0020
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0020
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0020
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0020
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0020
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0021
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0021
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0021
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0021
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0022
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0022
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0022
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0022

40

23.

24.

25.

26.

27.

H. Nahi et al. / Biol Blood Marrow Transplant 25 (2019) 34—40

Shaughnessy P, Uberti ], Devine S, et al. Plerixafor and G-CSF for autolo-
gous stem cell mobilization in patients with NHL, Hodgkin's lymphoma
and multiple myeloma: results from the expanded access program. Bone
Marrow Transplant. 2013;48:777-781.

Auner HW, Mazzarella L, Cook L, et al. High rate of stem cell mobiliza-
tion failure after thalidomide and oral cyclophosphamide induction
therapy for multiple myeloma. Bone Marrow Transplant. 2011;46:
364-367.

D'Addio A, Curti A, Worel N, et al. The addition of plerixafor is safe and
allows adequate PBSC collection in multiple myeloma and lymphoma
patients poor mobilizers after chemotherapy and G-CSF. Bone Marrow
Transplant. 2011;46:356-363.

Hubel K, Fresen MM, Salwender H, et al. Plerixafor with and without che-
motherapy in poor mobilizers: results from the German compassionate
use program. Bone Marrow Transplant. 2011;46:1045-1052.

Fruehauf S, Ehninger G, Hubel K, et al. Mobilization of peripheral blood
stem cells for autologous transplant in non-Hodgkin's lymphoma and
multiple myeloma patients by plerixafor and G-CSF and detection of

28.

29.

30.

31.

tumor cell mobilization by PCR in multiple myeloma patients. Bone Mar-
row Transplant. 2010;45:269-275.

Gazitt Y, Freytes CO, Akay C, Badel K, Calandra G. Improved mobilization of
peripheral blood CD34+ cells and dendritic cells by AMD3100 plus granu-
locyte-colony-stimulating factor in non-Hodgkin's lymphoma patients.
Stem Cells Dev. 2007;16:657-666.

Hartmann T, Hubel K, Monsef I, Engert A, Skoetz N. Additional plerixafor to
granulocyte colony-stimulating factors for haematopoietic stem cell mobili-
sation for autologous transplantation in people with malignant lymphoma
or multiple myeloma. Cochrane Database Syst Rev. 2015;CD010615.

Harvey RD, Kaufman JL, Johnson HR, et al. Temporal changes in plerixafor
administration and hematopoietic stem cell mobilization efficacy: results
of a prospective clinical trial in multiple myeloma. Biol Blood Marrow
Transplant. 2013;19:1393-1395.

Micallef IN, Jacobsen ED, Shaughnessy P, et al. G-CSF plus plerixafor
(Mozobil) to mobilize hematopoietic stem cells in patients with thrombo-
cytopenia or leukopenia prior to auto-SCT. Bone Marrow Transplant.
2013;48:303-304.


http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0023
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0023
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0023
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0023
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0024
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0024
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0024
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0024
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0025
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0025
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0025
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0025
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0026
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0026
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0026
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0027
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0027
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0027
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0027
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0027
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0028
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0028
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0028
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0028
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0029
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0029
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0029
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0029
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0030
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0030
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0030
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0030
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0031
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0031
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0031
http://refhub.elsevier.com/S1083-8791(18)30491-9/sbref0031

	A Pilot, Exploratory, Randomized, Phase II Safety Study Evaluating Tumor Cell Mobilization and Apheresis Product Contamination in Patients Treated with Granulocyte Colony-Stimulating Factor Alone or Plus Plerixafor
	Introduction
	Methods
	Study Design
	Randomization
	Primary Endpoint Analysis
	Secondary Endpoint Analysis
	Exploratory Analysis
	Safety
	Statistical Analysis

	Results
	Baseline Characteristics
	Primary Endpoint Analysis
	Secondary Endpoint Analysis
	Exploratory Analysis
	Safety

	Discussion
	ACKNOWLEDGMENTS
	Supplementary Data
	References



