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ince the early 1980s, high-

dose chemotherapy followed

by autologous hematopoi-

etic stem cell transplantation
(HSCT) has emerged as standard ther-
apy for patients with hematologic ma-
lignancies, including non-Hodgkin
lymphoma (NHL) and multiple myelo-
ma (MM). In 2009, 32,000 autologous
transplants were performed world-
wide, 12,000 of which were completed
in centers across the United States. Pe-
ripheral blood stem cells (PBSCs) were
the source of hematopoietic stem cells
(HSCs) in 98% of the patients who
had undergone transplant (Pasquini &
Wang, 2010).

Initiallyy, HSCs were harvested
from the recipient’s bone marrow, sub-
jecting the patient to the risks of an-
esthesia, musculoskeletal discomfort
and damage, and blood loss. A shift
toward mobilization, or movement, of
stem cells from the bone marrow to
the peripheral blood and collection of
HSCs from the peripheral blood oc-
curred after early studies showed more
rapid engraftment after high-dose che-
motherapy with peripheral blood stem
cell products compared with bone
marrow products. As a consequence,
the overall period of cytopenia was de-
creased with concomitant reduction
in the need for supportive measures

such as blood and platelet transfusions
and antibiotic therapy (Bensinger et
al., 2001). Over the past decade, mo-
bilization and collection of PBSCs has
become standard practice for patients
undergoing autologous transplants.
Commonly, stem cells are mobi-
lized from the bone marrow micro-
environment to the peripheral blood
using either chemotherapy plus high-
dose granulocyte colony-stimulating
factor (G-CSF; filgrastim [Neupogen])
or high-dose G-CSF alone. US Food
and Drug Administration (FDA) guide-
lines for G-CSF mobilization define a
dosage at 10 ug/kg/day although insti-
tutional variations exist. Leukophere-
sis begins either on recovery of counts
postchemotherapy or on day 4 or 5 of
G-CSF therapy alone, a time generally
associated with the peak migration of
HSCs as determined by flow cytomet-
ric analysis of the surface expression
of the CD34 antigen on peripheral
blood mononuclear cells. Daily subcu-
taneous G-CSF injections and collec-
tions continue until the target number
of CD34+ HSCs has been collected.
Chemotherapy mobilization re-
sults in higher CD34+ cell collections;
however, this can be offset by the risk
of higher toxicity leading to increased
rates of hospitalization for neutropenic
fever and infection (Meldgaard Knud-
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sen, Jensen, Gaarsdal, Nikolaisen, & Johnson,
2000). The optimal dose of CD34+ cells remains
unclear, but infusion of fewer than 2 x 10° CD34+
cells/kg has been associated with delayed engraft-
ment or graft failure, leading to increased morbid-
ity and higher transplant-related costs (Bensinger,
DiPersio, & McCarty, 2009). Many factors may
influence a patient’s ability to mobilize adequate
stem cells, including prior radiation to the marrow
space; female gender; premobilization thrombo-
cytopenia; exposure to purine analogs, alkylating
agents, or lenalidomide (Revlimid); and marrow
involvement by lymphoma (Leis, 2011). Approxi-
mately 20% of patients with NHL and MM will fail
to collect the minimum CD34+ cell dose required
to proceed with transplant (Pusic et al., 2008).
Many often require remobilization, accomplished
by multiple methods, the most common utilizing
the combination of G-CSF plus granulocyte mac-
rophage colony-stimulating factor (sargramostim
[Leukine]), with or without concomitant chemo-
therapy.

Mechanism of Action

Plerixafor (Mozobil) is a novel small molecule
that promotes the mobilization of HSCs. It inhib-
its the binding of the chemokine receptor CXCR4,
which is expressed on HSCs, to its ligand, stromal
cell-derived factor-lo. (SDF-1av), secreted by bone
marrow stroma cells (Cashen, 2009). The binding
of SDF-1a. to CXCR4 results in the anchoring of
stem cells to the bone marrow matrix. Inhibition
of this binding results in the release of HSCs into
the peripheral blood, where they can then be col-
lected and cryopreserved for later use.

Indications for Use

Based on two pivotal phase III studies that
will be described below, plerixafor was approved
by the FDA in December 2008 for use in combi-
nation with G-CSF for mobilization of peripheral
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Use your smartphone to access
the abstracts for the two phase
Il trials that were critical to the
FDA approval of plerixafor..

blood stem cells in patients with NHL and MM
(Genzyme Corporation, 2008). Additionally, safe-
ty and efficacy have been demonstrated in a phase
IT study of patients with Hodgkin disease (Cash-
en et al., 2008). Plerixafor has also been used for
HSC mobilization in patients with other diseases
such as amyloidosis and germ cell malignancies.

A small pilot study (N = 25) was conducted
using plerixafor alone to assess the safety and
efficacy of stem cell mobilization in healthy al-
logeneic sibling donors. Successful collection of
sufficient HSCs occurred in two thirds of patients
after one apheresis, with the remaining one third
achieving sufficient collection after a second
apheresis (Devine et al., 2008). Phase II studies
using plerixafor alone and in combination with
G-CSF in sibling donors for allogeneic HSCT are
currently underway through the National Cancer
Institute (2011) and the Center for International
Blood & Marrow Transplant Research (2010).

It is important to note that plerixafor is not
indicated for patients with either acute or chron-
ic leukemia, as its use may cause mobilization of
leukemic cells with contamination of the stem
cell product (Genzyme Corporation, 2008).

Clinical Trials

Plerixafor, originally named AMD-3100, was
initially investigated as a potential antiviral treat-
ment for patients with HIV/AIDS as the CXCR4
receptor was recognized as the coreceptor for the
HIV virus. During phase I trials in healthy volun-
teers, dosing of plerixafor resulted in a rapid rise
in white blood cells expressing the marker CD34,
which identified them as HSCs. Additional stud-
ies showed a synergistic effect, with plerixafor
plus G-CSF resulting in a threefold increase in
the numbers of peripheral CD34+ cells compared
with G-CSF dosing alone (De Clercg, 2009).

Phase I and II clinical trials were conducted
in patients with hematologic malignancies and
showed that plerixafor plus G-CSF significantly
increased the number of circulating CD34+ cells,
resulting in increased CD34+ cell yield from
apheresis procedures.

As mentioned previously, two specific phase
IIT trials were critical to the FDA approval of
plerixafor in patients with NHL and MM. The
first was a multicenter, international trial of 302
patients with multiple myeloma. All participants
received G-CSF 10 pg/kg/day SC daily, then were
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randomly assigned to receive either plerixafor
or placebo beginning on the evening of day 4
and continuing for up to 4 days or until 6 x 10°
CD34+ cells/kg were collected. A total of 71.6% of
the plerixafor-treated patients completed collec-
tion in < 2 days, while only 34% of patients in the
placebo group were able to complete collection
in < 2 days. Over half of the plerixafor-treated
patients achieved this goal after one apheresis,
while 56% of the placebo-treated patients re-
quired 4 apheresis days to meet this goal. Median
time to engraftment was similar in both groups,
as was l-year survival (DiPersio et al., 2009a).

The second trial involved 298 patients with
NHL and again randomized participants to re-
ceive either plerixafor or placebo beginning on
the evening of day 4 of G-CSF 10 ug/kg/day. The
target collection was 5 x 10° CD34+ cells/kg, with
a goal of achieving this target with < 4 apheresis
procedures. Again, a significantly larger percent-
age (87%) of the plerixafor-treated group col-
lected = 2 x 10° CD34+ cells/kg in < 4 apheresis
procedures, compared with the placebo-treated
group (47%). Median time to engraftment and
overall survival at 1 year were similar in both
groups (DiPersio et al., 2009b).

Of note, both studies offered a “rescue” pro-
cedure for those patients who failed to collect
either = 0.8 x 106 CD34+ cells/kg after 2 days
or = 2 x 10° CD34+ cells/kg after 4 days. After
7 days of rest, patients were then remobilized
with G-CSF 10 ug/kg/day with plerixafor dosed
on the evening of day 4. A full 100% (n = 7) of
the MM patients and 60% (n = 62) of the NHL
patients who participated in the rescue protocol
were able to collect = 2 x 10° CD34+ cells/kg in
< 4 days.

Dosage and Administration

G-CSF at a dose of 10 pg/kg/day is adminis-
tered by SC injection for four consecutive days.
The recommended daily dose of plerixafor is 0.24
mg/kg by SC injection, not to exceed 40 mg/day,
dosed on day 4 of G-CSF. As peripheral CD34+
cell counts peak 10 to 14 hours after administra-
tion, plerixafor has generally been dosed in the
evening prior to beginning stem cell apheresis
(Kessans, Gatesman, & Kockler, 2010). G-CSF
and plerixafor dosing should continue daily until
a sufficient CD34+ cell count has been achieved,
with a maximum dosing of 4 consecutive days

(Genzyme Corporation, 2008). Plerixafor is sup-
plied in single-use vials containing 1.2 mL of a
20-mg/mL solution. The approximate wholesale
cost for each vial is $7,500 (Physicians Desk Ref-
erence, 2009).

In patients with normal renal function, ap-
proximately 70% of the dose is excreted in the
urine within 24 hours of administration. Due to
slower excretion in patients with impaired renal
function, a dose reduction to 0.16 mg/kg/day (max-
imum daily dose of 27 mg) is recommended for pa-
tients with a creatinine clearance < 50 mL/min to
match systemic exposure in patients with normal
renal function (MacFarland, Hard, Scarborough,
Badel, & Calandra, 2010).

Adverse Effects

In phase I1II clinical trials, the most common-
ly reported side effects associated with plerixa-
for were gastrointestinal adverse events, mainly
diarrhea and nausea, and injection site reactions
of erythema and pruritis. Based on World Health
Organization criteria, no grade 4 events were re-
ported. Additional adverse reactions are summa-
rized in Table 1 (Brave et al., 2010). This drug has
a low potential for significant drug interactions,
as it is not metabolized by the CYP system and
does not inhibit or induce any CYP isoenzymes
(Kessans, Gatesman, & Kockler, 2010).

Plerixafor-mobilized stem cell products con-
tained a higher percentage of T, B, and NK cells
when compared with G-CSF mobilized products,
which could theoretically influence the incidence
and severity of both acute and chronic graft-vs.-
host disease in allogeneic transplant recipients
(Pusic & DiPersio, 2010). Further clinical trials
addressing these questions are being pursued.

Practical Implications

In a retrospective analysis of patients with
MM, NHL, and Hodgkin disease undergoing
stem cell mobilization with either chemotherapy
plus G-CSF or G-CSF plus plerixafor, investiga-
tors found there was no significant difference in
either the median total CD34+ cells/kg collected
or in the number of days required to reach a tar-
get of 5 x 10°CD34+ cells/kg. There was a differ-
ence, however, in the predictability of initiation
of apheresis, with patients receiving plerixafor
able to begin apheresis on their target date. Addi-
tionally, chemotherapy-mobilized patients often
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able 1. Adverse Reactions in Non-Hodgkin Lymphoma and Multiple Myeloma Patients Receiving
Plerixafor During Hematopoietic Stem Cell Mobilization and Apheresis?

N

Plerixafor and G-CSF (n = 301)

All grades Grade 3
Gastrointestinal disorders
Diarrhea 37 <1
Nausea 34 1
Vomiting 10 <1
Flatulence 7 0]

General disorders and administration site conditions
Injection site reactions 34 (0]
Fatigue 27 0

Musculoskeletal and connective tissue disorders
Arthralgia 13 O

Nervous system disorders
Headache 22 <1
Dizziness n (0)

Psychiatric disorders

Insomnia 7 (¢}

Percentage of patients (%)
Placebo and G-CSF (n = 292)
Grade 4 All grades Grade 3 Grade 4
(0] 17 0 0
0 22 0 0
0 6 () ()
0 3 () 0
(0] 10 () ()
25
0 12 () ()
(0] 21 1 0
(0] 6 () ()
0 5 ) 0

N

Note. G-CSF = granulocyte colony-stimulating factor. Adapted, with permission, from Genzyme Corporation (2009).
2Reactions listed occurred in = 5% of plerixafor patients and occurred more frequently than in placebo patients.

/

required weekend apheresis procedures, trans-
fusions, and significantly more doses of G-CSF
prior to apheresis; 58% required hospital admis-
sion for either chemotherapy administration or
neutropenic fevers.

Additional analysis demonstrated that the
median cost of mobilization and cryopreserva-
tion between the two groups was not signifi-
cantly different (see Table 2). However, the cost
to those patients who required more than one
dose of plerixafor to collect adequate numbers of
CD34+ cells/kg or who required hospitalization
for complications of chemotherapy was higher
than median costs reported (Shaughnessy et al.,
2011). Higher costs were attributed to patients
who required more than one dose of plerixafor or
hospitalization for complications following che-
motherapy administration.

This study was limited by its size (66 pa-
tients), its retrospective nature, and limited avail-

ability of data evaluating the cost-effectiveness
of the use of plerixafor for stem cell mobiliza-
tion. Additional studies are required to evaluate
whether the potential for fewer apheresis days
outweighs the higher cost of plerixafor.

Implications for Advanced
Practitioners

Advanced practitioners are frequently re-
sponsible for overseeing the mobilization and
collection of stem cells in patients preparing for
autologous transplant. This includes monitoring
peripheral CD34+ counts and initiating apher-
esis for collection in the appropriate time frame
to ensure the best option for adequate collection.
The approval of plerixafor for stem cell mobi-
lization provides an additional option to allow
more patients to collect stem cells over a short-
er period of time, potentially decreasing their
overall costs and resulting in fewer failed collec-
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tions. Advanced practitioners KI_
are instrumental in providing

able 2. Mobilization Costs

N

patient counseling and nurs-
ing staff education, as well as
monitoring for side effects and

providing supportive care. V-

Summary

Plerixafor is a novel agent
for use in combination with
G-CSF for the mobilization of
peripheral blood stem cells in
patients with MM and NHL. It
has been shown in multicenter
randomized trials to decrease
the number of apheresis pro-
cedures required to achieve a
minimum dose of CD34+ cells/
kg necessary to proceed with

Mean

Mean

Cost of pre-apheresis

Median (range)

Cost of peri-apheresis

Median (range)

Total cost of mobilization (pre- + peri-apheresis)

Median (range)

transplant for patients with
MM and NHL. Its low side-
effect profile makes it well tol-

Plerixafor/G-CSF Chemo/G-CSF
N =33 N = 33 p Value
$14,676 $12,316 .07
$10,627 $11,939 .50
($9,294-%$31,445) ($7,872-%$20,810)
$5,622 $6,857 14
$3,626 $6,029 .02
($3,514-%$14,334) ($2,181-$15,137)
$20,298 $19,173 .57
$14,224 $18,823 .45
($12,835-$45,779) ($10,324-$32,195)
Note. G-CSF = granulocyte colony-stimulating factor. Reprinted from
Shaughnessy et al. (2011), with permission from Elsevier.

/

erated by a majority of patients

with no grade 4 toxicities reported. Future direc-
tions include demonstration of safety and efficacy
in patients with other malignancies pursuing au-
tologous transplantation and healthy allogeneic
donors, as well as additional cost/benefit analy-
sis of the use of plerixafor vs. other mobilization
strategies for front-line and rescue mobilization.
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