We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

6,900 186,000 200M

ailable International authors and editors Downloads

among the

154 TOP 1% 12.2%

Countries deliv most cited s Contributors from top 500 universities

Sa
S

BOOK
CITATION
INDEX

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Y



13

Stem Cell Mobilization in Multiple Myeloma

Sule Mine Bakanay and Taner Demirer

Ankara University Medical School,

Department of Hematology & Stem Cell Transplantation Unit, Ankara,
Turkey

1. Introduction

High dose melphalan supported by autologous hematopoietic cell transplantation (AHCT)
has been shown to prolong survival and decrease relapse rates compared to conventional
chemotherapies in elligible patients with plasma cell myeloma (PCM) (Attal et al., 1996;
Child et al., 2003; Fermand et al., 2005; Koreth et al., 2007, Palumbo et al., 2004). Patients
who are considered candidates for high dose therapy receive 2-4 cycles of non-melphalan
containing induction therapies followed by peripheral blood progenitor cell(PBPC)
mobilization and collection. Pateints proceed to high dose melphalan (200 mg/m?)
supported with AHCT. High dose melphalan and AHCT has been the gold standard
treatment approach in patients with PCM younger than 65 but can be extended to mid-70’s
in patients otherwise in good performance status. Second AHCT has been shown to increase
survival, especially those who could not achieve very good partial response (VGPR) after
the first AHCT (Attal et al., 2003, Barlogie et al., 2006). Additionally, patients who had a long
progression free survival after the first transplantation may benefit from salvage
transplantation at relapse (Ljungman et al.,, 2010). These advances have mandated the
mobilization and collection of PBPCs adequate for double transplants. Although not
prospectively studied, the traditional minimum and optimum CD34+ cell dose limits have
been 2 x 10¢/kg and = 4 x 10¢/kg for single ; 4 x 10¢/kg and > 8-10 x10¢/kg for double
AHCT, respectively (Bensinger et al., 1995, Giralt et al., 2009). Therefore, successfull stem
cell mobilization and collection are crucial for treatment of PCM. Risk factors such as age
>60 years, the extend of prior chemotherapy or radiotherapy and prolonged disease
duration are recognized predictors for poor mobilization. The induction treatment given
before the process of PBPC mobilization and collection should not be toxic to the bone
marrow. It has been clearly revealed over the past decades that the traditional induction
regimens; vincristine, adriamycin, dexamathasone (VAD) or single agent dexamathasone
have no impact on PBPC mobilization. However, today, they have been completely replaced
with novel agents which are associated with better response rates. During the recent years,
the impact of these novel induction agents (thalidomide, lenalidomide and bortezomib) on
PBPC mobilization have been of major concern. Although the classical PBPC mobilization
methods (G-CSF alone or G-CSF after chemotherapy) have been generally successful in
PCM, there is still a considerable amount of mobilization failures. Studies have been focused
on the investigational agents alone or in conjunction with G-CSF to imrove PBPC
mobilization efficiency, prevent mobilization failures and the need for second or subsequent
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mobilization attempts which often delay the timely performance of the transplantation and
increase the morbidity and the cost. In this chapter, we will focus on the current stem cell
mobilization strategies as well as the novel mobilizing agents in PCM and the impact of
novel anti-myeloma drugs on PBPC mobilization.

2. Mobilization approaches in PCM
2.1 G-CSF alone

The optimal PBPC mobilization strategy in PCM is unclear. Both growth factor alone or
chemotherapy followed by growth factor (chemomobilization) have been the most
frequently used approaches. In growth factor-only mobilization, recombinant human
granulocyte-colony stimulating factor (G-CSF) is commonly administered at 10 pg/kg/day
s.c. for 4 days , PBPCs are collected from day 5 onwards and G-CSF continued until the last
day of apheresis. PBPCs are collected by continuous flow apheresis procedure often
processing 2-2.5 times the patient’s blood volume. CD34+ cell enumeration is performed by
flow cytometry according to the ISHAGE guidelines(Sutherland et al., 1996). The stem cell
product is then cryopreseved until use for AHCT. Recombinant human G-CSF is reliable,
with predictable mobilization efficiency. The most common toxicities observed during G-
CSF administration such as bone pain, low grade fever, headache, are generally managable.
However, G-CSF may be associated with rare serious adverse events such as spontaneous
splenic rupture, thrombosis, flare of autoimmune disease and precipitation of sickle crisis
(Cashen et al., 2007).

2.2 G-CSF analogs
2.2.1 Filgrastim and lenograstim

Filgrastim (Neupogen, F Hoffmann-La Roche, Basel, Switzerland) and lenograstim
(Granocyte, Chugai-Aventis Pharmaceuticals, France) are nonglycosylated and glycosylated
analogs of recombinant human G-CSF approved for PBPC mobilization. Studies
investigating the patients with hematological malignancies who underwent PBSC
mobilization for AHCT could not demonstrate any difference between glycosylated and
non-glycosylated G-CSF in terms of both efficacy and toxicity (Kopf et al., 2006; Lefrere et
al., 1999). The glycosylation of G-CSF contributes to a greater chemical-physical stability of
lenograstim: the glycosylated G-CSF is more stable and resistant to degradation. The
recommended dosage of lenograstim when used alone for PBPC mobilization is 5 j1/kg/day
(s.c./iv.). On the other hand, equal doses of 10 p/kg/day of filgrastim and lenograstim
have been recommended for mobilization of CD34+ cells without associated chemotherapy.
However, a recent study has suggested that lower dose (7.5 p1/kg/day) of glycosylated G-
CSF may be as effective as the standard dose of non-glycosylated G-CSF for PBPC
mobilization in patients undergoing AHCT (Ataergin et al., 2008).

2.2.2 Pegdfilgrastim

Pegylated G-CSF (pegfilgrastim, Neulasta, Amgen Inc.,CA, USA) is currently approved by
the US FDA for prevention of prolonged neutropenia after chemotherapy for nonmyeloid
malignancies (Neulasta; package insert). Its potential in PBPC mobilization is currently
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being explored. Due to its long plasma half-life compared to unconjugated G-CSF (33 vs 4-6
hours), it has the advantage of maintaining clinically effective serum levels over about two
weeks after a single 6mg s.c. administration and achieving patient compliance. Its effect is
self-limited and is terminated with cellular uptake by the recovering neutrophils (Hunter et
al., 2003; Molineux et al., 1999). Clinical studies have demonstrated that pegfilgrastim is at
least as efficient as filgrastim in mobilizing PBPCs after chemotherapy and this effect was
not dose dependent. Pegfilgrastim was associated with a more rapid leukocyte recovery and
an earlier performance of the first apheresis procedure in comparison to unconjugated G-
CSF in PCM patients (Bruns et al.,, 2006; Fruehauf et al., 2007; Stiedl et al., 2005).
Additionally, in a tandem transplant study, PBPC mobilization with chemotherapy plus
pegfilgrastim in 237 PCM patients, a second booster injection of 6mg pegfilgrastim on day
13 after an initial administration on day 6, improved the serum G-CSF concentrations and
the mobilization results (Tricot et al., 2008). In contrast to mobilization after chemotherapy,
growth factor-only mobilization requires higher doses of pegfilgrastim to provide effective
serum G-CSF levels (Hosing et al., 2006, Willis et al., 2009). However, this approach is not
cost-effective when compared with unconjugated G-CSF. Pegfilgrastim is well tolerated
with an advese event profile similar to that of unconjugated G-CSF. Bone pain is the most
common complaint and a case of splenic rupture that may not have been related to
pegfilgrastim was reported in one trial (Fenk et al., 2006).

2.3 Chemomobilization

The standard chemomobilization in myeloma consists of cyclophosphamide(CY) plus
growth factor (Goldschmidt et al., 1996). High dose CY has been prefered in patients who
fail initial mobilization attempt with growth factor only or for patients who could not
achieve at least partial remission after induction regimens with the hope to control the
high tumor burden before transplantation. However, it has been demonstrated that high
dose CY does not increase overall complete remission rates or improve the time to
progression for patients with myeloma undergoing AHCT (Dingli et al., 2006). At our
center, CY 4 gr/m? with the same dose MESNA to prevent hemorrhagic cystitis is
administered on day 1 and recombinant human G-CSF (10 pg/kg/day, in two divided
doses) is started either on day 4 or day 7. The optimal timing for G-CSF initiation has not
been determined conclusively. We have demonstrated that late (day 7) administration of
G-CSF was as efficient and more cost-effective than early administration (Ozcelik et al.,
2009). Flow cytometric quantification of peripheral blood(PB) CD34+ cells is performed
when the WBC count reaches >1000/pl from the chemotherapy induced nadir. The
apheresis is started when PB CD34+ cell count exceeds 10 cells/jl and continued until
adequate number of CD34+ cells are collected usually for 1-3 apheresis procedures.
Transfusion support should be given to keep the pre-apheresis Hb and platelet counts at >
10gr/dl and > 20 000-30 000/ pl, respectively.

The dose of CY reported for mobilization has ranged from 1.5 to 7 gr/m?2. Retrospective
studies comparing CY doses of 4 gr/m?2 versus 7 gr/m?2 and 1.2-2 gr/m2versus 4 gr/m?2 have
favored lower doses because of similar stem cell mobilization efficiency but with
considerably lower toxicity (Fitoussi et al., 2001; Jantunen et al., 2003). In a randomized
study in myeloma patients comparing single dose 7 g/m? with 2.4 g/m? , higher number
CD34+ cells were collected on the first apheresis day and there was a lower consumption of
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G-CSF with the lower-dose CY regimen, which also permitted collection to occur as an
outpatient procedure and was more cost-effective (Petrucci et al., 2003). Hiwase et al in their
retrospective analysis have demonstrated that compared with low dose (1-2 gr/m?2) CY,
patients receiving intermediate dose (3-4 gr/m?2) CY were more likely to collect the CD34+
cell number (=4 x10¢/kg) adequate for tandem transplant. Febrile neutropenia was more
frequent in intermediate dose CY group (38% vs 13%) but the increased toxicity was
managable and acceptable (Hiwase et al., 2007). In the light of these studies, most centers
prefer 3-4 gr/m?2CY in their chemomobilization protocol (Gertz et al., 2010a).

High dose CY plus G-CSF is very efficient for PBPC mobilization in PCM patients but when
compared with growth factor-only mobilization, chemotherapy plus growth factor
mobilizes higher number of PBPCs in lower number of apheresis procedures but with the
cost of increased toxicity; nausea- emesis, neutropenic fever, non-staphylococal bacteremia,
sepsis, hemorrhagic cystitis, cardiac toxicity, hospitalization, requirement for transfusion
support and with mortality rate of 1-2%. Moreover, there is increased possibility of delayed
engraftment after AHCT if transplanted early after (e.g. <30 days) stem cell procurement
(Gertz et al., 2009; To et al., 1990).

With the purpose of decreasing toxicity and at least preserving the efficiency, various
alternative chemomobilization protocols with or without CY have also been investigated.
Addition of etoposide (2 gr/m?) to CY (4.5 gr/m?) mobilization in a non-randomized
study, resulted in increased toxicity without significant improvement in CD34+ cell yield
(Gojo et al., 2004). In CAD protocol, CY (1gr/m?, day 1) was combined with doxorubicin
(15 mg/m?2, day 1-4) and dexamethasone (40 mg, day 1-4) followed by a single dose 12 mg
pegfilgrastim on day 5. Eighty-eight percent of patients achieved their CD34+ cell harvest
target of 7.5 x 106 CD34/kg following a median of two apheresis. Mobilization efficiency
and engraftment following transplantation using pegfilgrastim was comparable to
filgrastim and patients mobilized with CAD plus pegfilgrastim had decreased time to first
apheresis (13 vs 15 days)(Fruehauf et al., 2007). The former common induction protocol
VAD followed by daily G-CSF 10 pg/kg from day 10 to day 15 was found to be as
effective and less toxic than high-dose CY followed by daily G-CSF 5 png/kg from day 8 in
newly diagnosed myeloma patients (Lefrere et al., 2006). Blood stem cell collection results
after mobilization with combination chemotherapy containing ifosfamide, epirubicin, and
etoposide (IEV) followed by G-CSF in myeloma were favorable and allowed to support a
tandem transplantation procedure in younger and elder patients in 97 and 95%,
respectively. Grade % hematological toxicity was observed in majority of patients and
extramedullary toxicity including nephrotoxicity and neurotoxicity in 5-10% (Straka et al.,
2003). IEV mobilized peripheral blood stem cells more efficiently than cyclophosphamide
and etoposide, achieving a threshold of 6 x 106 CD34/kg in 97 vs. 71% with comparable
major toxicities and similar tumor response rates, although there was one treatment-
related death due to septic shock in the IEV chemotherapy group (Hart et al., 2007). DCEP
protocol includes dexamethasone (40 mg/d, day 1-4 ) , CY 400 mg/m?, etoposide 40
mg/m? and cisplatin 10 mg/m?, daily continuous infusion for 4 days and has proved to be
an effective salvage therapy for relapsed/refractory myeloma patients. G-CSF 5
pg/kg/day starting 48 h after the end of DCEP has been an effective mobilization
protocol with 87 and 75% of patients achieving > 2 x 106 and >4 x 10¢ /kg CD34+ cells,
respectively (Lazzarino et al., 2001). The same group of investigators compared DCEP
with CY (4 g/m?) followed by G-CSF and concluded that DCEP is better tolerated and
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more effective than CY for PBPC mobilization. Moreover, high-dose CY has limited anti-
myeloma activity compared to DCEP. One study demonstrated the comparable efficiency
and lower toxicity of shorter-infusional schedule of DCEP with respect to full-infusional
schedule (Corso et al., 2002, 2005). Another study combined DCEP-short with a single
dose 6mg s.c. pegfilgrastim and reported promising results (Zappasodi et al., 2008). In a
pilot study, vinorelbin combined with CY 1.5 g/m? had similar efficiency compared to CY
4 g/m?2 in PBPC mobilization and less toxicity and no requirement for hospitalization
(Annunziata et al., 2006). Melphalan i.v. 60mg/m?2 plus G-CSF 10 pg/kg/day was
successful in mobilizing PBPC from myeloma patients. However, toxicity was notable and
duration of mobilization was longer compared with CY 3 g/m? (16.5 days vs 10
days)(Gupta et al., 2005). Melphalan is a highly effective anti-myeloma drug but due to its
stem cell toxicity, it is neither used for PBSC mobilization, nor recommended as an initial
therapy for patients elligible for AHCT. In a retrospective analysis, single agent etoposide
(1.5 g/m?) plus G-CSF was most potent at mobilizing PBPCs compared to CY (2-4 g/m?)
plus G-CSF or G-CSF alone. Although the success rate for collecting the minimum CD34+
dose was similar in all groups, higher proportion of patients mobilized with etoposide
could achieve the optimum dose required for tandem transplant. There was no difference
in the progression free survival among the groups (Nakasone et al., 2009). Recently, in a
retrospective single center review, intermediate dose etoposide (375 mg/m?, day 1 and 2)
followed by G-CSF was found to be highly effective in myeloma patients including the
high risk patients for mobilization failure (Wood et al., 2011). However, myelosuppressive
mobilization regimens neither seem to have any anti-myeloma effects nor appear to
improve outcome (Attal et al., 2003). And most centers no longer routinely use CY for
patients in first plateau.

3. High risk patients for mobilization failure

Although there may be variations in each center’s definition of mobilization failure,
generally it can be defined as lack of achievement of > 2 x10¢/kg CD34+ yield after 3
consecutive apheresis procedure or inability to start apheresis because of not reaching to >10
CD34+ cells/pl of PB . Extensive BM involvement with malignancy, prior radiotherapy
especially to marrow-rich sites, prior treatment with alkylating agents, prior multiple
chemotherapy regimens and older age have been associated with increased risk of
mobilization failure (Bensinger et al., 2009; Demirer et al., 1996; Leung et al., 2010). Although
the number of CD34+ cells collected decreases with increasing age, the experience has
revealed that sufficient stem cell yield for > 1 AHCT can be safely obtained in elderly
patients up to 69-72 years (Roncon et al., 2011; Tempescul et al., 2010). On the other hand, in
one retrospective study including myeloma and lymphoma patients, the total number of
cycles of previous chemotherapy and previous treatment with melphalan were more
significant predictors of poor mobilization than sex, age or body weight (Wuchter et al,,
2010). Recently, prior prolonged exposure to novel agent lenalidomide has also been
considered as a risk factor, which will be discussed later. With the current mobilization
strategies about 5-10% of patients with PCM still end up with mobilization failure
(Bensinger et al., 2009; Pusic et al., 2008). The classical strategy when patients fail G-CSF
only mobilizations has been CY followed by G-CSF. However, this results in unnecessary
exposure of the patients to chemotherapy toxicity for sole mobilization purposes, which
means that novel PBPC mobilization approaches are required.
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4. Novel agents for PBPC mobilization

Historically, attempts to increase the mobilization efficiency concentrated on using high
doses of G-CSF or combining G-CSF with other cytokines and growth factors some of which
are currently used in other indications. However, either due to inefficiency or AEs, most of
these agents could not become a part of the standart mobilization. In recent years, several
cytokines and chemokines have been investigated that may prove useful for amplifying
yields of CD34+ cells without introducing additional toxicity. There are also investigational
agents which are yet in preclinical and phase I clinical trials (Table 1) (Bakanay & Demirer,
2011).

Growth Factors

Granulocyte-Macrophage Colony Stimulating Factor
Recombinant human erythropoietin

Recombinant human stem cell factor

Recombinant human thrombopoietin

Parathyroid hormone

Recombinant human growth hormone

Chemokine axis mobilizers
AMD3100
GRO-f analogs (SB-251353)

Other small molecules and peptides
Very Late Antigen-1 antibodies
Retinoic acid receptor alpha agonists
Thrombopoietin receptor agonists

Table 1. Agents investigated as adjunct to G-CSF for PBPC mobilization

4.1 Plerixafor

Plerixafor (AMD3100, Mozobil, Genzyme Corporation, Cambridge, MA, USA) is a bicyclam
molecule which selectively and reversibly antagonizes CXCR4 and disrupts its interaction
with stromal cell derived factor-1 (SDF-1), thereby releasing hematopoietic stem cells into
the circulation (Gerlach et al., 2001; Hendrix et al., 2000). Plerixafor has received approval by
the US FDA and the European Medicines Evaluation Agency for use in combination with G-
CSF to mobilize PBPCs for collection and subsequent AHCT in patients with NHL and PCM
who previously failed mobilization with G-CSF alone (DiPersio et al. 2009a,2009b; Mozobil
package insert). Plerixafor results in rapid mobilization of PBPC, which peaks at
approximately 10 hours. Plerixafor has been shown to synergize with G-CSF for mobilizing
stem cells in patients with PCM in various clinical conditions (Calandra et al., 2008; DiPersio
et al., 2009a; Flomenberg et al., 2005; Stiff et al., 2009; Tricot et al., 2010). The results from
phase II studies indicated that plerixafor added to G-CSF for PBPC mobilization from
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myeloma patients mobilized more CD34+ cells per day of apheresis than G-CSF alone (4.4
vs 3-3.5 fold) with 95 to 100% of the patients achieving the minimum number ( > 2 x10¢/kg)
of target CD34+ cells in a median of 1-2 apheresis days. Even the heavily pretreated patients
had the median 2.5 fold increase in the PB CD34+ cells and could proceed with high dose
therapy and AHCT (Stewart et al., 2009; Stiff et al.,, 2009). In a randomized, placebo-
controlled phase III study the proportion of patients from whom > 6 x106 CD34+ cells/kg
were collected in <2 days of apheresis served as the primary end point. The protocol for
plerixafor plus G-CSF mobilization has been summarized(Table 2). The results
demonstrated that the addition of plerixafor to G-CSF resulted in a significantly higher
probability of achieving the optimal CD34+ cell target for tandem transplantation in fewer
days of apheresis in PCM patients without any additional toxicity(Table 3). Peripheral blood
stem cells mobilized by plerixafor and G-CSF resulted in prompt and durable engraftment
after AHCT(DiPersio et al., 2009a).

GCSF 10 pg/kg/day s.c. on days 1-4

Plerixafor 240 pg/kg/day s.c. started on the evening of day 4

Apheresis initiated 10 h after the first dose of plerixafor on the morning of day 5

Daily GCSF before apheresis in the morning and plerixafor in the evening

Continued until the target CD34+ cells > 6 x 10¢/kg was collected or a predetermined
maximum number of apheresis (4-5) was reached

Table 2. Mobilization protocol of Plerixafor plus GCSF

Plerixafor + G-CSF Placebo + G-CSF
N=148 N=154
Achieved primary end point (%) | 71.6 34.4
Achieved min. collection (%) 95.9 92.9
Fold increase PB CD34/ul 4.8 1.7
Median number of apheresis
1 4
days to collect the target
Median(range) collected CD34 10.96 6.18
cells x10¢/ kg (0.66-104.57) (0.11-42.66)
Failed mobilization (%) 0 4.6

Table 3. Phase III Clinical trial of PBPC mobilization with Plerixafor plus G-CSF in PCM

There is lack of sufficient information on direct comparison of mobilization with G-CSF and
plerixafor to mobilization with chemotherapy and G-CSF. In a retrospective comparison,
both G-CSF plus plerixafor and CY plus G-CSF resulted in similar numbers of cells collected
as well as costs of mobilization and clinical outcomes (Shaughnessy et al., 2011). For the
patients from whom sufficient number of CD34+ cells could not be collected after the first
mobilization attempt with G-CSF alone, a second(rescue) mobilization has been traditionally
attempted with chemotherapy plus G-CSF. However, instead of chemomobilization, a
rescue stem cell mobilization with G-CSF and plerixafor can be offered in patients who only
require PBPC mobilization and collection without any need for further tumor reduction. In
compassionate use programs, plerixafor has been used successfully in myeloma patients
who were either proven or predicted to be poor mobilizers. About 75% of the patients could
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be rescued after failure from chemotherapy (Basak et al., 2011a; Calandra et al., 2008; Duarte
et al.,, 2011). Plerixafor plus G-CSF can also be an option for myeloma patients who had
received a previous AHCT and who require a repeated mobilization for a second
transplantation. In a recent study, successful mobilization of PBPCs was performed in a
similar proportion of the previously transplanted patients and other patients who had not
undergone ASCT (70% vs 82.6%) (Basak et al., 2011b).

Plerixafor combined with chemotherapy and G-CSF in a recent open-label, multicenter trial
on 40 patients with PCM and NHL, also proved to be a feasible method of stem cell
mobilization. However, further studies are warranted to evaluate the exact timing of
incorporating plerixafor into chemomobilization (Dugan et al., 2010). Table 4 gives a single
center approach to mobilization in the era of novel mobilizing agent, plerixafor (Gertz,
2010b). In one single center experience, preemptive use of plerixafor was successful in
patients who had either PB CD34+ counts <10/pl at the time of marrow recovery or poor
yield of first apheresis CD34+ <1x 10¢ /kg (Jantunen et al., 2011). Similarly, a promising
approach with growth factor and patient-adapted use of plerixafor has been recently
suggested to be superior to chemotherapy and growth factor for autologous PBPC
mobilization. The preemptive use of plerixafor using the PB CD34+ cell count on day 4 of G-
CSF administration and the collection target to decide between continuing G-CSF only or
adding plerixafor to the mobilization regimen may potentially reduce the percentage of
failure in first-line mobilizations (Costa et al., 2011a, 2011b). A recent study demonstrated
that the quantity of CD34+ cells collected on day 1, rather than the PB CD34+ cell count,
might identify patients unlikely to achieve adequate stem cell collection for AHCT and
suggested that patients who collect <0.70 x10¢ CD34+ cells/kg on day 1 could be considered
for treatment modifications such as adding plerixafor (Duong et al., 2011).

G-CSF 10 pg/kg single dose x 4 days
If collecting for 1 transplant: if CD34+ <10 x 10¢/L, add plerixafor
If collecting for >1 transplant: if CD34+ < 20 x10¢/L, add plerixafor

If relapsed or primary refractory myeloma or circulating plasma cells:
CY 1.5 g/m?2 x 2 days, begin G-CSF 5 pg/kg on day 3

Check CD34+ when WBC >1000 x 106/ L.

If CD34+ <10 x 10¢/L continue to check for three consecutive days.

If CD34 remains < 10 x10¢/L, begin plerixafor

Table 4. The Mayo Clinic Rochester approach to PBPC mobilization in myeloma

Plerixafor is well tolerated and adverse events are usually mild and transient. The most
common adverse events are diarrhea, nausea, vomiting, flatulance and injection-site
reactions, fatigue, arthralgia, headache, dizziness and insomnia. Severe adverse events such
as hypotension and dizziness after drug administration and thrombocytopenia after
apheresis are very rare (DiPersio et al., 2009, Mozobil package insert). No case of splenic
rupture due to plerixafor has been reported to date. No evidence of tumor cell mobilization
could be demonstrated after plerixafor in PCM and NHL patients(Fruehauf et al., 2010). A
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plerixafor dose reduction to 160 pg/kg in patients with a creatinine clearance value < 50
mL/min is recommended (Douglas et al., 2011; MacFarland et al., 2010; Pinto et al., 2010).
Plerixafor addition to G-CSF has undoubtedly increased the number of patients who could
proceed with high dose therapy and AHCT. Plerixafor incorporation in the first line
mobilization protocols in patients who are predicted poor mobilizers will eliminate the need
for further mobilization attempts and the cost-effectiveness of such approaches should be
clarified. Recently, the International Myeloma Working Group(IMWG) have proposed some
strategies to overcome the risk factors for poor PBPC mobilization in PCM (Giralt et al.,
2009) (Table 5).

Risk Factor Proposed strategy

Age>60 Consider plerixafor

History of melphalan exposure Con§1der upfront chemomobilization or
plerixafor

Harvest early between cycles 2-4
Consider upfront plerixafor or
chemomobilization

Assess marrow for secondary dysplastic
changes before collection

Consider collection before radiotherapy
Consider upfront chemomobilization or
plerixafor

Assess marrow for secondary dysplastic
changes before collection

Extensive prior therapy and prolonged
disease duration

Extensive radiotherapy to marrow bearing
tissue

Table 5. Strategies proposed by IMWG to overcome the risk factors for poor PBPC
mobilization in PCM

5. The effect of novel induction protocols on PBPC mobilization in PCM

Until the last decade, the standard first line therapy for PCM has been either VAD or single
agent dexamethasone. These therapies clearly do not have any adverse effects on PBPC
mobilization from the bone marrow. However, they have been replaced by more efficient
novel agents such as IMIDs ( thalidomide and lenalidomide) and proteosome inhibitor
bortezomib. Novel induction agents in myeloma are effective as first line therapy enhancing
the quality of responses prior to AHCT and by controlling the tumor load at diagnosis they
decrease the early mortality and prolong the overall survival. With the novel induction
agents, the time from diagnosis to planned AHCT is shorter and most patients can achieve >
VGPR after the transplantation which eliminates the need for tandem AHCT for most
patients. In fact it also neccesitates re-exploration of the role of first line AHCT in selected
patients, moving AHCT to a second line position. The novel agents are also used as adjuncts
to transplant conditioning regimen or as maintenance therapy after transplant (Dimopoulos
et al., 2007; Harousseau et al., 2010; Kumar et al., 2009; Rajkumar et al., 2006).

5.1 Thalidomide

The IMIDs have antiangiogenesis, immunomodulatory activity and direct cyctotoxic affects
on myeloma cells. Pretransplant treatment with IMIDs appear to have no impact on
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engraftment kinetics suggesting that both thalidomide and lenolidomide do not have
qualitative effects on stem cells. Thalidomide was the first IMID to be used in PCM and
initial therapy with thalidomide-dexamethasone (thal/dex) was superior to dexamethasone
alone (Rajkumar et al., 2006). Although there has been controversial reports, most studies
have shown no impact of thalidomide on stem cell mobilization and >80% of patients who
received thal/dex were able to collect adequate stem cells for tandem transplant (Cavo et al.,
2005). In a phase IIl randomized study, patients treated with induction regimen TAD
(Thalidomide, doxorubicine, dexamethasone) had fewer CD34+ cell collection following
CAD plus G-CSF mobilization than patients who received VAD as induction. However, the
number of CD34+ cells were sufficient to support double AHCT in 82% of TAD treated
patients (Breitkreutz et al., 2007). However, in a recent study thalidomide in combination
with CY and dexamethasone (CTD) as induction regimen had significantly (49%) lower
PBPC yield and higher percentage of mobilization failures for one (25.4 vs 5.8%) or two (39.4
vs 15.9%) transplants compared with VAD and a VAD-like induction regimen. The authors
have pointed that thalidomide and CY with no previously reported negative impact on stem
cell mobilization can have substantial impact when used in combination (Auner et al., 2011).

5.2 Lenalidomide

Lenalidomide in combination with dexamethasone (Len/dex) have been associated with
better outcomes and improved survival rates in patients with PCM (Rajkumar et al., 2005,
Dimopuolos et al, 2007, Wang et al., 2008). However, lenalidomide can cause
myelosuppression and concerns have been raised that its use may negatively impact the
ability to mobilize stem cells in patients who received lenalidomide as part of their
induction therapies (Kumar et al., 2007; Mazumder et al., 2008; Paripati et al., 2008; Popat et
al., 2009). Kumar have indicated that among patients mobilized with G-CSF alone there was
a significant decrease in total CD34+ cells collected, average daily collection, day 1 collection
and increased number of apheresis in patients treated with lenalidomide compared to
patients treated with other regimens(Kumar et al., 2007). One retrospective analysis
demonstrated higher mobilization failure rates with filgrastim among lenalidomide- treated
patients compared with patients who had not received lenalidomide (25% vs 4%, p<0.001).
Failure rate was very high in patients who received >3 cycles of lenalidomide. Majority of
the lenalidomide-treated patients(77%) could be rescued with chemotherapy plus
filgrastim(Popat et al., 2009). A multicenter prospective study of 346 patients with newly
diagnosed PCM, has demonstrated that 21% of the patientswho received 4 cycles of len/dex
as induction regimen, could not achieve the target 4 x 106 CD34+ cells/kg after CY plus G-
CSF mobilization whereas only 9% of patients failed after a second mobilization attempt
with the same mobilization protocol. Lenalidomide as a part of the induction regimen did
not adversely affect the PBPC mobilization and a second mobilization procedure with CY
plus G-CSF may be an appropriate strategy to rescue poor mobilizers(Cavallo et al., 2011). In
different studies where patients were mobilized after len/dex induction therapy,
mobilization with CY plus G-CSF yielded clearly higher (range 6.3 to 14.2 x 10¢/kg) number
of stem cells with respect to mobilization with G-CSF alone (range 3.1 to 7.9 x 10¢/kg)
(Kumar et al., 2007; Mark et al., 2008; Mazumder et al., 2008; Paripati et al., 2008; Popat et al.,
2009). Incorporation of lenalidomide into induction therapy for PCM did not have clinically
significant impact on PBPC mobilization when CY plus G-CSF was used as mobilization
protocol. Sufficient stem cells for tandem auto-HCT were collected from all patients
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mobilized with CY plus G-CSF versus only 33% of patients mobilized with G-CSF alone.
Some studies demonstarted lower stem cell yield with increasing duration of lenalidomide
therapy but other studies could not demonstrate such correlation (Mark et al., 2008;
Mazumder et al., 2008; Nazha et al., 2011). Since addition of CY + G-CSF does not increase
the responses to myeloma therapy, exposing patients to the risks of chemomobilization for
sole mobilization purposes should be avoided. Plerixafor is a promising alternative to
chemomobilization in patients with PCM who received prior therapy with lenalidomide.
Retrospective data analysis for 60 patients who received plerixafor plus G-CSF for front-line
mobilization in a phase 3 clinical trial or for remobilization in a compassionate use program
demonstrated that CD34+ cells can be successfully and predictably mobilized and collected
in majority of patients with PCM who have been previously treated with lenalidomide
(Micallef et al., 2010) (Table 6). The IMWG have published the consensus report focusing on
the approach to stem cell mobilization in era of novel agents in PCM (Kumar et al.,
2009)(Table 7).

Frontline Remobilization Total
P + G-CSF P + G-CSF o
— v
Minimal > 2 x 106 CD34+ 100% 80% 86.7%
cells/kg
: 6
Optimal > 5 x 106 CD34+ 959% 47.5% 63.3%
cells/kg

Table 6. Mobilization response to Plerixafor plus GCSF in lenalidomide-treated patients

5.3 Bortezomib

Bortezomib is effective in patients with relapsed or refractory disease as well as in untreated
patients No definitive impact of initial therapy with bortezomib on stem cell harvest could
be demonstrated (Benson et al., 2010; Corso et al., 2010; Horousseau et al., 2010; Jagannath et
al., 2005). In the IFM2005/01 trial comparing bortezomib/dexamethasone to VAD, there
was a trend towards lower CD34+ numbers among those receiving bortezomib. However, a
single mobilization with G-CSF was adequate and allowed the harvest of sufficient number
of CD34+ cells for a single transplant in 97% and for a tandem transplant 77% of the patients
treated upfront with bortezomib/dexamethasone. Compared with VAD, a higher number of
patients in bortezomib/dexamethasone arm required a second mobilization attempt to
reach the target 5 x 106 CD34+ cells/kg for tandem transplantation (Horousseau et al., 2010;
Moreau et al., 2010). HOVON65/GMMG-HD4 randomized phase 3 trial comparing
bortezomib, adriamycin, dexamethasone (PAD) versus VAD, no impact of bortezomib was
seen on ability to collect stem cells (Goldschmidt et al., 2008).

Studies combining bortezomib with lenalidomide or thalidomide also did not reveal any
adverse effect of bortezomib on stem cell mobilization (Richardson et al., 2010; Bensinger et
al., 2010; Kaufman et al., 2010). Simultaneous use of bortezomib in combination with
thalidomide and chemotherapy (DT-PACE; cisplatin, doxorubicin, CY, etoposide and
dexamethasone) was also effective, safe and allowed for adequate stem cell collection
(Badros et al., 2006). Addition of alkylating agents to initial therapy especially in
combination, may increase the risk of mobilization failures but no comparative data is
available. Phase 2 studies combining CY with lenalidomide and CY with thalidomide
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reported mobilization failures while combination of CY with bortezomib did not reveal any
failure (Reeder et al., 2009).

Condition Recommended approach

Initial therapy with thalidomide or
bortezomib plus dexamethasone
Patients who received <4 cycles of G-CSF alone
lenalidomide plus dexamethasone and
younger than 65 years

Patients who received >4 cycles of

lenalidomide plus dexamethasone CY + G-CSF

Reduced dose CY + G-CSF

G-CSF alone with the addition of plerixafor
before second apheresis if first apheresis
yields <2 x 106 CD34+ cells/kg

Patients who received 24 cycles of
lenalidomide plus dexamethasone and
older than 65 years

Patients who received other
myelosuppressive drugs in combination CY + G-CSF
with lenalidomide

CY + G-CSF
G-CSF + Plerixafor
G-CSF + GM-CSF

Failed mobilization with G-CSF alone in
lenalidomide-treated patients

Table 7. Approach to stem cell mobilization in era of novel agents in PCM : IMWG
consensus perspectives

6. Conclusions

As the novel anti-myeloma drugs (thalidomide, lenalidomide, bortezomib) in combination
with dexamethasone or other agents have replaced the traditional VAD or single agent
dexamethasone as first line therapy for myeloma, there has been concern about their impact
on PBPC mobilization from the bone marrow. Studies could not demonstrate any
deleretious effect of bortezomib on stem cell mobilization. There has been contraversy
regarding thalidomide’s impact especially when combined with other cytotoxic agents such
as CY. However, the thal/dex combination has proved to allow for adequate PBPC yield for
tandem transplantation. On the other hand, prolonged exposure to lenalidomide definitely
affects the stem cell yield. Early PBPC mobilization with (<4 cycles) is recommended after
lenalidomide-containing regimens. If this condition can not be satisfied, mobilization with
CY+ G-CSF or addition of plerixafor to G-CSF should be considered. Although the
integration of the novel anti-myeloma agents in the upfront treatment of PCM has started
questioning the place of the high dose therapy supported with AHCT as first line approach,
it is still the gold standard approach in elligible patients with PCM. This requires the
mobilization and collection of adequate number of PBPCs following an initial induction
threatment. Traditionally, G-CSF alone or after chemotherapy (mostly CY) have been the
most commonly used protocols. Generally, CY plus G-CSF is used in the second
mobilization attempt after failing G-CSF. However, this approach does not improve the
overall outcome of the myeloma patients. So, it is unnecessary to expose the patients to toxic
effects of chemotherapy for sole mobilization purposes. And the combined cytotoxic
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chemotherapies are better reserved for relapsed or refractory cases. Current studies focus on
the novel investigational agents as adjuncts to G-CSF to improve the PBPC yields.
Plerixafor, which selectively and reversibly antagonizes CXCR4 and disrupts its interaction
with SDF-1, has the ability of rapid mobilization of PBPCs from BM and gained approval as
an adjunct to G-CSF for poor mobilizers. At the present, it is challenging to search for the
best approach using the available drugs with appropriate timing to provide sufficient
CD34+ yield after initial mobilization attempt and in a cost-effective manner avoiding
further mobilization attempts and exposure to chemotherapy.

7. References

Annunziata M, Celentano M, Pocali B, D'Amico MR, Palmieri S, Viola A, Copia C,Falco C,
Del Vecchio L & Ferrara F.(2006). Vinorelbine plus intermediate dose
cyclophosphamide is an effective and safe regimen for the mobilization of
peripheral blood stem cells in patients with multiple myeloma. Ann Hematol.,
85(6):394-9.

Ataergin S, Arpaci F, Turan M, Solchaga L, Cetin T, Ozturk M, Ozet A, Komurcu S & Ozturk
B.(2008). Reduced dose of lenograstim is as efficacious as standard dose of
tilgrastim for peripheral blood stem cell mobilization and transplantation: a
randomized study in patients undergoing autologous peripheral stem cell
transplantation. Am | Hematol., 83(8):644-8.

Attal M, Harousseau JL, Stoppa AM, Sotto JJ, Fuzibet JG, Rossi JF, Casassus P,Maisonneuve
H, Facon T, Ifrah N, Payen C,& Bataille R.(1996). A prospective, randomized trial of
autologous bone marrow transplantation and chemotherapy in multiple myeloma.
Intergroupe Francais du Myélome. N Engl | Med., 11;335(2):91-7.

Attal M, Harousseau JL, Facon T, Guilhot F, Doyen C, Fuzibet JG, Monconduit M,Hulin C,
Caillot D, Bouabdallah R, Voillat L, Sotto JJ, Grosbois B & Bataille R;InterGroupe
Francophone du Myélome.(2003). Single versus double autologous stem-cell
transplantation for multiple myeloma. N Engl | Med., 25;349(26):2495-502.

Auner HW, Mazzarella L, Cook L, Szydlo R, Saltarelli F, Pavlu J, Bua M, Giles C, Apperley
JFE & Rahemtulla A.(2011). High rate of stem cell mobilization failure after
thalidomide and oral cyclophosphamide induction therapy for multiple myeloma.
Bone Marrow Transplant., 46(3):364-7.

Badros A, Goloubeva O, Fenton R, Rapoport AP, Akpek G, Harris C, Ruehle K,Westphal S &
Meisenberg B.(2006). Phase I trial of first-line bortezomib/thalidomide plus
chemotherapy for induction and stem cell mobilization in patients with multiple
myeloma. Clin Lymphoma Myeloma., 7(3):210-6.

Bakanay SM, Demirer T.(2011)Novel agents and approaches fors tem cell mobilization in
normal donors and patients. Bone Marrow Transplant. (Epub ahead of print).
Barlogie B, Kyle RA, Anderson KC, Greipp PR, Lazarus HM, Hurd DD, McCoy J, Moore DF
Jr, Dakhil SR, Lanier KS, Chapman RA, Cromer JN, Salmon SE, Durie B & Crowley
JC.(2006). Standard chemotherapy compared with high-dose chemoradiotherapy
for multiple myeloma: final results of phase III US Intergroup Trial S9321. | Clin

Oncol., 20;24(6):929-36.

Basak GW, Jaksic O, Koristek Z, Mikala G, Basic-Kinda S, Mayer J, Masszi T, Giebel S, Labar
B & Wiktor-Jedrzejczak W; Central and Eastern European Leukaemia Group
(CELG).(2011). Haematopoietic stem cell mobilization with plerixafor and G-CSF in

www.intechopen.com



254 Multiple Myeloma — An Overview

patients with multiple myeloma transplanted with autologous stem cells. Eur |
Haematol., 86(6):488-95.

Basak GW, Knopinska-Posluszny W, Matuszak M, Kisiel E, Hawrylecka D, Szmigielska-
Kaplon A, Urbaniak-Kujda D, Dybko ], Zielinska P, Dabrowska-Iwanicka A,
Werkun ], Rzepecki P, Wroblewska W & Wiktor-Jedrzejczak W.(2011).
Hematopoietic stem cell mobilization with the reversible CXCR4 receptor inhibitor
plerixafor (AMD3100)-Polish ~ compassionate = use  experience.  Ann
Hematol.,90(5):557-68.

Bensinger W, Appelbaum F, Rowley S, Storb R, Sanders ], Lilleby K, Gooley T,Demirer T,
Schiffman K & Weaver C.(1995). Factors that influence collection and engraftment
of autologous peripheral-blood stem cells. | Clin Oncol, 13(10):2547-55.

Bensinger W, DiPersio JF & McCarty JM.(2009). Improving stem cell mobilization strategies:
future directions. Bone Marrow Transplant, 43(3):181-95.

Bensinger WI, Jagannath S, Vescio R, Camacho E, Wolf ], [rwin D, Capo G, McKinley M,
Potts P, Vesole DH, Mazumder A, Crowley ], Becker P, Hilger ] & Durie BG.(2010).
Phase 2 study of two sequential three-drug combinations containing
bortezomib,cyclophosphamide and dexamethasone, followed by bortezomib,
thalidomide and dexamethasone as frontline therapy for multiple myeloma. Br |
Haematol,148(4):562-8.

Benson DM Jr, Panzner K, Hamadani M, Hofmeister CC, Bakan CE, Smith MK, Elder P,
Krugh D, O'Donnell L & Devine SM.(2010). Effects of induction with novel agents
versus conventional chemotherapy on mobilization and autologous stem cell
transplant outcomes in multiple myeloma. Leuk Lymphoma., 51(2):243-51.

Breitkreutz I, Lokhorst HM, Raab MS, Holt B, Cremer FW, Herrmann D, Glasmacher
A,Schmidt-Wolf IG, Blau IW, Martin H, Salwender H, Haenel A, Sonneveld P &
Goldschmidt H. (2007). Thalidomide in newly diagnosed multiple myeloma:
influence of thalidomide treatment on peripheral blood stem cell collection yield.
Leukemia., 21(6):1294-9.

Bruns I, Steidl U, Kronenwett R, Fenk R, Graef T, Rohr UP, Neumann F, Fischer J,Scheid C,
Hiibel K, Haas R & Kobbe G.(2006). A single dose of 6 or 12 mg of pegfilgrastim for
peripheral blood progenitor cell mobilization results in similar yields of CD34+
progenitors in patients with multiple myeloma. Transfusion, 46:180-5.

Calandra G, McCarty J, McGuirk J, Tricot G, Crocker SA, Badel K, Grove B, Dye A & Bridger
G.(2008). AMD3100 plus G-CSF can successfully mobilize CD34+ cells from non-
Hodgkin's lymphoma, Hodgkin's disease and multiple myeloma patients
previously failing mobilization with chemotherapy and/or cytokine treatment:
compassionate use data. Bone Marrow Transplant., 41: 331-8.

Cashen AF, Lazarus HM &Devine SM. (2007). Mobilizing stem cells from normal donors: is
it possible to improve upon G-CSF ? Bone Marrow Transplant, 39: 577-88.

Cavallo F, Bringhen S, Milone G, Ben-Yehuda D, Nagler A, Calabrese E, Cascavilla N,
Montefusco V, Lupo B, Liberati AM, Crippa C, Rossini F, Passera R, Patriarca F,
Cafro AM, Omede P, Carella AM, Peccatori J, Catalano L, Caravita T, Musto
P,Petrucci MT, Boccadoro M & Palumbo A. Stem cell mobilization in patients with
newly diagnosed multiple myeloma after lenalidomide induction therapy.
Leukemia. 2011 Jun 3. [Epub ahead of print]

Cavo M, Zamagni E, Tosi P, Tacchetti P, Cellini C, Cangini D, de Vivo A, Testoni N, Nicci C,
Terragna C, Grafone T, Perrone G, Ceccolini M, Tura S & Baccarani M;Bologna 2002

www.intechopen.com



Stem Cell Mobilization in Multiple Myeloma 255

study.(2005). Superiority of thalidomide and dexamethasone over vincristine-
doxorubicindexamethasone (VAD) as primary therapy in preparation for
autologous transplantation for multiple myeloma. Blood,1;106(1):35-9.

Child JA, Morgan GJ, Davies FE, Owen RG, Bell SE, Hawkins K, Brown ], Drayson MT &
Selby PJ; Medical Research Council Adult Leukaemia Working Party.(2003).High-
dose chemotherapy with hematopoietic stem-cell rescue for multiple myeloma. N
Engl | Med, 8;348(19):1875-83.

Corso A, Arcaini L, Caberlon S, Zappasodi P, Mangiacavalli S, Lorenzi A, Rusconi C,
Troletti D, Maiocchi MA, Pascutto C, Morra E & Lazzarino M. (2002). A
combination of dexamethasone, cyclophosphamide, etoposide, and cisplatin is less
toxic and more effective than high-dose cyclophosphamide for peripheral stem cell
mobilization in multiple myeloma. Haematologica, 87(10):1041-5.

Corso A, Mangiacavalli S, Nosari A, Castagnola C, Zappasodi P, Cafro AM, Astori C,
Bonfichi M, Varettoni M, Rusconi C, Troletti D, Pascutto C, Morra E & Lazzarino
M; HOST Group.(2005). Efficacy, toxicity and feasibility of a shorter schedule of
DCEP regimen for stem cell mobilization in multiple myeloma. Bone Marrow
Transplant, 36(11):951-4.

Corso A, Barbarano L, Mangiacavalli S, Spriano M, Alessandrino EP, Cafro AM,Pascutto C,
Varettoni M, Bernasconi P, Grillo G, Carella AM, Montalbetti L,Lazzarino M &
Morra E.(2010). Bortezomib plus dexamethasone can improve stem cell collection
and overcome the need for additional chemotherapy before autologous transplant
in patients with myeloma. Leuk Lymphoma, 51(2):236-42.

Costa LJ, Alexander ET, Hogan KR, Schaub C, Fouts TV & Stuart RK.(2011). Development
and validation of a decision-making algorithm to guide the use of plerixafor for
autologous hematopoietic stem cell mobilization. Bone Marrow Transplant, 46: 64-9.

Costa L], Miller AN, Alexander ET, Hogan KR, Shabbir M, Schaub C & Stuart
RK.(2011).Growth factor and patient-adapted use of plerixafor is superior to CY
and growth factor for autologous hematopoietic stem cells mobilization. Bone
Marrow Transplant, 46:523-8.

Demirer T, Buckner CD, Gooley T, Appelbaum FR, Rowley S, Chauncey T, Lilleby K, Storb
R & Bensinger WI. (1996). Factors influencing collection of peripheral blood stem
cells in patients with multiple myeloma. Bone Marrow Transplant, 17(6):937-41.

Dimopoulos M, Spencer A, Attal M, Prince HM, Harousseau JL, Dmoszynska A, San Miguel
J, Hellmann A, Facon T, Foa R, Corso A, Masliak Z, Olesnyckyj M, Yu Z,Patin ],
Zeldis JB & Knight RD; Multiple Myeloma (010) Study Investigators. (2007).
Lenalidomide plus dexamethasone for relapsed or refractory multiple myeloma. N
Engl | Med, 22;357(21):2123-32.

Dingli D, Nowakowski GS, Dispenzieri A, Lacy MQ, Hayman S, Litzow MR, Gastineau DA
& Gertz MA.(2006). Cyclophosphamide mobilization does not improve outcome in
patients receiving stem cell transplantation for multiple myeloma. Clin Lymphoma
Myeloma, 6:384-8.

DiPersio JF, Micallef IN, Stiff PJ, Bolwell B], Maziarz RT, Jacobsen E, Nademanee A,
McCarty J, Bridger G & Calandra G ; 3101 Investigators.(2009).Phase III prospective
randomized double-blind placebo-controlled trial of plerixafor plus granulocyte
colony-stimulating factor compared with placebo plus granulocyte colony-
stimulating factor for autologous stem-cell mobilization and transplantation for
patients with non-Hodgkin's lymphoma. | Clin Oncol, 27: 4767-73.

www.intechopen.com



256 Multiple Myeloma — An Overview

DiPersio JF, Stadtmauer EA, Nademanee A, Micallef IN, Stiff PJ, Kaufman JL, Maziarz RT.,
Hosing C, Fruehauf S., Horwitz M., Cooper D.,Bridger G.,& Gary Calandra, for the
3102 Investigators.(2009). Plerixafor and G-CSF versus placebo and G-CSF to
mobilize hematopoietic stem cells for autologous stem cell transplantation in
patients with multiple myeloma. Blood, 113: 5720-6.

Douglas KW, Parker AN, Hayden PJ, Rahemtulla A, D'Addio A, Lemoli RM, Rao K, Maris
M, Pagliuca A, Uberti ], Scheid C, Noppeney R, Cook G, Bokhari SW, Worel N,
Mikala G, Masszi T, Taylor R & Treisman ]. Plerixafor for PBPC mobilisation in
myeloma patients with advanced renal failure: safety and efficacy data in a series of
21 patients from Europe and the USA. Bone Marrow Transplant 2011 Feb 28 (Epub
ahead of print).

Duarte RF, Shaw BE, Marin P, Kottaridis P, Ortiz M, Morante C, Delgado ], Gayoso J,
Goterriz R, Martinez-Chamorro C, Mateos-Mazoén JJ, Ramirez C, de la Rubia
J,Achtereekte H, Gandhi PJ, Douglas KW & Russell NH.(2011). Plerixafor plus
granulocyte CSF can mobilize hematopoietic stem cells from multiple myeloma
and lymphoma patients failing previous mobilization attempts: EU compassionate
use data. Bone Marrow Transplant, 46(1):52-8.

Dugan MJ, Maziarz RT, Bensinger WI, Nademanee A, Liesveld J, Badel K, Dehner C, Gibney
C, Bridger G & Calandra G.(2010). Safety and preliminary efficacy of plerixafor
(Mozobil) in combination with chemotherapy and G-CSF: an open-label,
multicenter, exploratory trial in patients with multiple myeloma and non-
Hodgkin's lymphoma undergoing stem cell mobilization. Bone Marrow Transplant,
45: 39-47.

Duong HK, Bolwell BJ, Rybicki L, Koo A, Hsi ED, Figueroa P, Dean R, Pohlman B,Kalaycio
M, Andresen S, Sobecks R & Copelan E. (2011).Predicting hematopoietic stem cell
mobilization failure in patients with multiple myeloma: A simple method using
day 1 CD34+ cell yield. | Clin Apher, 26:111-5.

Fenk R, Hieronimus N, Steidl U, Bruns I, Graef T, Zohren F, Ruf L, Haas R & Kobbe
G.(2006). Sustained G-CSF plasma levels following administration of pegfilgrastim
fasten neutrophil reconstitution after high-dose chemotherapy and autologous
blood stem cell transplantation in patients with multiple myeloma. Exp Hematol, 34:
1296-302.

Fermand JP, Katsahian S, Divine M, Leblond V, Dreyfus F, Macro M, Arnulf B, Royer B,
Mariette X, Pertuiset E, Belanger C, Janvier M, Chevret S, Brouet JC & Ravaud P;
Group Myelome-Autogreffe.(2005). High-dose therapy and autologous blood stem-
cell transplantation compared with conventional treatment in myeloma patients
aged 55 to 65 years: long-term results of a randomized control trial from the Group
Myelome-Autogreffe. | Clin Oncol, 20;23(36):9227-33.

Fitoussi O, Perreau V, Boiron JM, Bouzigon E, Cony-Makhoul P, Pigneux A, Agape
P,Nicolini F, Dazey B, Reiffers J, Salmi R & Marit G.(2001). A comparison of toxicity
following two different doses of cyclophosphamide for mobilization of peripheral
blood progenitor cells in 116 multiple myeloma patients. Bone Marrow Transplant,
27(8):837-42.

Flomenberg N, Devine SM, Dipersio JF, Liesveld JL, McCarty JM, Rowley SD, Vesole DH,
Badel K & Calandra G.(2005). The use of AMD3100 plus G-CSF for autologous
hematopoietic progenitor cell mobilization is superior to G-CSF alone. Blood, 106:
1867-74.

www.intechopen.com



Stem Cell Mobilization in Multiple Myeloma 257

Fruehauf S, Klaus J, Huesing J, Veldwijk MR, Buss EC, Topaly ], Seeger T, Zeller LW,
Moehler T, Ho AD & Goldschmidt H.(2007). Efficient mobilization of peripheral
blood stem cells following CAD chemotherapy and a single dose of pegylated G-
CSF in patients with multiple myeloma. Bone Marrow Transplant, 39: 743-50.

Fruehauf S, Ehninger G, Hiuibel K, Topaly J, Goldschmidt H, Ho AD, Miiller S, Moos M,
Badel K & Calandra G.(2010). 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 tumor cell mobilization by PCR in
multiple myeloma patients. Bone Marrow Transplant, 45: 269-75.

Gerlach LO, Skerlj RT, Bridger GJ & Schwartz TW.(2001). Molecular interactions of cyclam
and bicyclam non-peptide antagonists with the CXCR4 chemokine receptor. | Biol
Chem, 276: 14153-60.

Gertz MA, Kumar SK, Lacy MQ, Dispenzieri A, Hayman SR, Buadi FK, Dingli D, Gastineau
DA, Winters JL & Litzow MR.(2009). Comparison of high-dose CY and growth
factor with growth factor alone for mobilization of stem cells for transplantation in
patients with multiple myeloma. Bone Marrow Transplant, 43(8):619-25.

Gertz MA, Wolf RC, Micallef IN & Gastineau DA.(2010). Clinical impact and resource
utilization after stem cell mobilization failure in patients with multiple myeloma
and lymphoma. Bone Marrow Transplant, 45(9):1396-403.

Gertz MA. (2010).Current status of stem cell mobilization. Br | Haematol, 150: 647-62.

Giralt S, Stadtmauer EA, Harousseau JL, Palumbo A, Bensinger W, Comenzo RL, Kumar S,
Munshi NC, Dispenzieri A, Kyle R, Merlini G, San Miguel J, Ludwig H, Hajek R,
Jagannath S, Blade ], Lonial S, Dimopoulos MA, Einsele H, Barlogie B, Anderson
KC, Gertz M, Attal M, Tosi P, Sonneveld P, Boccadoro M, Morgan G, Sezer O,
Mateos MV, Cavo M, Joshua D, Turesson I, Chen W, Shimizu K, Powles R,
Richardson PG,Niesvizky R, Rajkumar SV & Durie BG; IMWG.(2009). International
myeloma working group (IMWG) consensus statement and guidelines regarding
the current status of stem cell collection and high-dose therapy for multiple
myeloma and the role of plerixafor (AMD 3100). Leukemia,23(10):1904-12.

Gojo I, Guo C, Sarkodee-Adoo C, Meisenberg B, Fassas A, Rapoport AP, Cottler-Fox M,
Heyman M, Takebe N & Tricot G.(2004). High-dose cyclophosphamide with or
without etoposide for mobilization of peripheral blood progenitor cells in patients
with multiple myeloma: efficacy and toxicity. Bone Marrow Transplant, 34(1):69-76.

Goldschmidt H, Hegenbart U, Haas R & Hunstein W.(1996). Mobilization of peripheral
blood progenitor cells with high-dose cyclophosphamide (4 or 7 g/m2) and
granulocyte colony-stimulating factor in patients with multiple myeloma. Bone
Marrow Transplant, 17(5):691-7.

Goldschmidt H, Lokhorst HM, Bertsch U, et al. Successful harvesting of peripheral
hematopoietic stem cells after induction treatment with bortezomib,adriamycin,
dexamethasone (PAD) in patients with newly diagnosed multiple myeloma (MM)
[abstract]. Blood (ASH Annual Meeting Abstracts).2008;112:3470.

Gupta S, Zhou P, Hassoun H, Kewalramani T, Reich L, Costello S, Drake L, Klimek V,
Dhodapkar M, Teruya-Feldstein J, Hedvat C, Kalakonda N, Fleisher M, Filippa
D,Qin ], Nimer SD & Comenzo RL.(2005). Hematopoietic stem cell mobilization
with intravenous melphalan and G-CSF in patients with chemoresponsive multiple
myeloma: report of a phase II trial. Bone Marrow Transplant, 35(5):441-7.

www.intechopen.com



258 Multiple Myeloma — An Overview

Harousseau JL.(2008). Induction therapy in multiple myeloma. Hematology Am Soc Hematol
Educ Program, 306-12.

Hart C, Blank C, Krause SW, Andreesen R & Hennemann B.(2007). Ifosfamide, epirubicin,
and etoposide (IEV) mobilize peripheral blood stem cells more efficiently than
cyclophosphamide/etoposide. Ann Hematol, 86(8):575-81.

Hendrix CW, Flexner C, MacFarland RT, Giandomenico C, Fuchs E]J, Redpath E, Bridger G
& Henson GW.(2000). Pharmacokinetics and safety of AMD-3100, a novel
antagonist of the CXCR-4 chemokine receptor, in human volunteers. Antimicrob
Agents Chemother, 44: 1667-73.

Hiwase DK, Bollard G, Hiwase S, Bailey M, Muirhead ] & Schwarer AP.(2007). Intermediate-
dose CY and G-CSF more efficiently mobilize adequate numbers of PBSC for
tandem autologous PBSC transplantation compared with low-dose CY in patients
with multiple myeloma. Cytotherapy, 9(6):539-47.

Hosing C, Qazilbash MH, Kebriaei P, Giralt S, Davis MS, Popat U, Anderlini P, Shpall EJ,
McMannis ], Korbling M & Champlin RE.(2006). Fixed-dose single agent
pegfilgrastim for peripheral blood rogenitor cell mobilisation in patients with
multiple myeloma. Br | Haematol,133: 533-7.

Hunter MG, Druhan L], Massullo PR &Avalos BR. (2003). Proteolytic cleavage of
granulocyte colony-stimulating factor and its receptor by neutrophil elastase
induces growth inhibition and decreased cell surface expression of the granulocyte
colony-stimulating factor receptor. Am | Hematol, 74: 149-55.

Jagannath S, Durie BG, Wolf ], Camacho E, Irwin D, Lutzky J, McKinley M, Gabayan E,
Mazumder A, Schenkein D & Crowley J.(2005). Bortezomib therapy alone and in
combination with dexamethasone for previously untreated symptomatic multiple
myeloma. Br | Haematol, 129(6):776-83.

Jantunen E, Putkonen M, Nousiainen T, Pelliniemi TT, Mahlamidki E & Remes K.(2003).
Low-dose or intermediate-dose cyclophosphamide plus granulocyte colony-
stimulating factor for progenitor cell mobilisation in patients with multiple
myeloma. Bone Marrow Transplant, 31(5):347-51.

Jantunen E, Kuittinen T, Mahlamiki E, Pyordlda M, Méantymaa P & Nousiainen T. (2011).
Efficacy of pre-emptively used plerixafor in patients mobilizing poorly after
chemomobilization: a single centre experience. Eur | Haematol, 86(4):299-304.

Kaufman JL, Nooka A, Vrana M, Gleason C, Heffner LT & Lonial S.(2010). Bortezomib,
thalidomide, and dexamethasone as induction therapy for patients with
symptomatic multiple myeloma: a retrospective study. Cancer, 1;116(13):3143-51.

Kopf B, De Giorgi U, Vertogen B, Monti G, Molinari A, Turci D, Dazzi C, Leoni M, Tienghi
A, Cariello A, Argnani M, Frassineti L, Scarpi E, Rosti G & Marangolo M.(2006). A
randomized study comparing filgrastim versus lenograstim versus molgramostim
plus chemotherapy for peripheral blood progenitor cell mobilization. Bone Marrow
Transplant, 38:407-12.

Koreth ], Cutler CS, Djulbegovic B, Behl R, Schlossman RL, Munshi NC, Richardson PG,
Anderson KC, Soiffer R] & Alyea EP 3rd.(2007). High-dose therapy with single
autologous transplantation versus chemotherapy for newly diagnosed multiple
myeloma: A systematic review and meta-analysis of randomized controlled trials.
Biol Blood Marrow Transplant, 13(2):183-96.

Kumar S, Dispenzieri A, Lacy MQ, Hayman SR, Buadi FK, Gastineau DA, Litzow MR,
Fonseca R, Roy V, Rajkumar SV& Gertz MA.(2007). Impact of lenalidomide therapy

www.intechopen.com



Stem Cell Mobilization in Multiple Myeloma 259

on stem cell mobilization and engraftment post-peripheral blood stem cell
transplantation in patients with newly diagnosed myeloma. Leukemia, 21: 2035-42.

Kumar S, Giralt S, Stadtmauer EA, Harousseau JL, Palumbo A, Bensinger W, Comenzo RL,
Lentzsch S, Munshi N, Niesvizky R, San Miguel ], Ludwig H, Bergsagel L, Blade ],
Lonial S, Anderson KC, Tosi P, Sonneveld P, Sezer O, Vesole D, Cavo M, Einsele H,
Richardson PG, Durie BG & Rajkumar SV; International Myeloma Working
Group.(2009). Mobilization in myeloma revisited: IMWG consensus perspectives
on stem cell collection following initial therapy with thalidomide-, lenalidomide-,
or bortezomib-containing regimens. Blood, 27;114(9):1729-35.

Lazzarino M, Corso A, Barbarano L, Alessandrino EP, Cairoli R, Pinotti G, Ucci G,Uziel L,
Rodeghiero F, Fava S, Ferrari D, Fiumano M, Frigerio G, Isa L, Luraschi A,
Montanara S, Morandi S, Perego D, Santagostino A, Savare M, Vismara A & Morra
E.(2001). DCEP (dexamethasone, cyclophosphamide, etoposide, and cisplatin) is an
effective regimen for peripheral blood stem cell collection in multiple myeloma.
Bone Marrow Transplant, 28(9):835-9.

Lefrere F, Bernard M, Audat F, Cavazzana-Calvo M, Belanger C, Hermine O, Arnulf B,
Buzyn A & Varet B.(1999). Comparison of lenograstim vs filgrastim administration
following chemotherapy for peripheral blood stem cell (PBSC) collection: a
retrospective study of 126 patients. Leuk Lymphoma, 35(5-6):501-5.

Lefrere F, Zohar S, Ghez D, Delarue R, Audat F, Suarez F, Hermine O, Damaj G, Maillard N,
Ribeil JA, Azagury M, Misbahi R, Jondeau K, Cavazzana-Calvo M, Dal Cortivo L &
Varet B.(2006). The VAD chemotherapy regimen plus a G-CSF dose of 10
microg/kg is as effective and less toxic than high-dose cyclophosphamide plus a G-
CSF dose of 5 microg/kg for progenitor cell mobilization: results from a
monocentric study of 82 patients. Bone Marrow Transplant, 37(8):725-9.

Leung AY & Kwong YL.(2010). Haematopoietic stem cell transplantation: current concepts
and novel therapeutic strategies. Br Med Bull, 93:85-103.

Ljungman P, Bregni M, Brune M, Cornelissen ], de Witte T, Dini G, Einsele H,Gaspar HB,
Gratwohl A, Passweg ], Peters C, Rocha V, Saccardi R, Schouten H,Sureda A,
Tichelli A, Velardi A & Niederwieser D; European Group for Blood and Marrow
Transplantation.(2010).  Allogeneic and autologous transplantation for
haematological diseases, solid tumours and immune disorders: current practice in
Europe 2009. Bone Marrow Transplant, 45(2):219-34.

MacFarland R, Hard ML, Scarborough R, Badel K & Calandra G.(2010). A pharmacokinetic
study of plerixafor in subjects with varying degrees of renal impairment. Biol Blood
Marrow Transplant 2010; 16: 95-101.

Mark T, Stern J, Furst JR, Jayabalan D, Zafar F, LaRow A, Pearse RN, Harpel J,Shore T,
Schuster MW, Leonard JP, Christos PJ, Coleman M & Niesvizky R.(2008). Stem cell
mobilization with cyclophosphamide overcomes the suppressive effect of
lenalidomide therapy on stem cell collection in multiple myeloma. Biol Blood
Marrow Transplant 2008; 14: 795-8.

Mazumder A, Kaufman J, Niesvizky R, Lonial S, Vesole D & Jagannath S.(2008). Effect of
lenalidomide therapy on mobilization of peripheral blood stem cells in previously
untreated multiple myeloma patients. Leukemia, 22(6):1280-1.

Micallef IN, Ho AD, Klein LM, Marulkar S, Gandhi P] & McSweeney PA.(2011). Plerixafor
(Mozobil) for stem cell mobilization in patients with multiple myeloma previously
treated with lenalidomide. Bone Marrow Transplant, 46(3):350-5.

www.intechopen.com



260 Multiple Myeloma — An Overview

Molineux G, Kinstler O, Briddell B, Hartley C, McElroy P, Kerzic P, Sutherland W, Stoney G,
Kern B, Fletcher FA, Cohen A, Korach E, Ulich T, McNiece I, Lockbaum P,Miller-
Messana MA, Gardner S, Hunt T & Schwab G.(1999). A new form of Filgrastim
with sustained duration in vivo and enhanced ability to mobilize PBPC in both
mice and humans. Exp Hematol, 27: 1724-34.

Moreau P, Hulin C, Marit G, Caillot D, Facon T, Lenain P, Berthou C, Pégourié B, Stoppa
AM, Casassus P, Michallet M, Benboubker L, Maisonneuve H, Doyen C, Leyvraz S,
Mathiot C, Avet-Loiseau H, Attal M & Harousseau JL; IFM group.(2010). Stem cell
collection in patients with de novo multiple myeloma treated with the combination
of bortezomib and dexamethasone before autologous stem cell transplantation
according to IFM 2005-01 trial. Leukemia, 24(6):1233-5.

Mozobil(Plerixafor)[Product information]. Genzyme Co.,Cambridge, MA 2008.

Nakasone H, Kanda Y, Ueda T, Matsumoto K, Shimizu N, Minami ], Sakai R, Hagihara M,
Yokota A, Oshima K, Tsukada Y, Tachibana T, Nakaseko C, Fujisawa S, Yano
S,Fujita H, Takahashi S, Kanamori H & Okamoto S; Kanto Study Group of Cell
Therapy.(2009). Retrospective comparison of mobilization methods for autologous
stem cell transplantation in multiple myeloma. Am | Hematol, 84(12):809-14.

Nazha A, Cook R, Vogl DT, Mangan PA, Gardler M, Hummel K, Cunningham K, Luger
SM,Porter DL, Schuster S, O'Doherty U, Siegel D & Stadtmauer EA.(2011). Stem cell
collection in patients with multiple myeloma: impact of induction therapy and
mobilization regimen.Bone Marrow Transplant, 46(1):59-63.

Neulasta(pegfilgrastim) [package insert]. Amgen Inc.: Thousand Oaks, CA, 2007.

Ozcelik T, Topcuoglu P, Beksac M, Ozcan M, Arat M, Biyikli Z, Bakanay SM, Ilhan O,
Gurman G, Arslan O &Demirer T.(2009). Mobilization of PBPCs with
chemotherapy and recombinant human G-CSF: a randomized evaluation of early
vs late administration of recombinant human G-CSF. Bone Marrow Transplant,
44:779-83.

Palumbo A, Bringhen S, Petrucci MT, Musto P, Rossini F, Nunzi M, Lauta VM,Bergonzi C,
Barbui A, Caravita T, Capaldi A, Pregno P, Guglielmelli T, Grasso M, Callea V,
Bertola A, Cavallo F, Falco P, Rus C, Massaia M, Mandelli F, Carella AM, Pogliani
E, Liberati AM, Dammacco F, Ciccone G & Boccadoro M.(2004). Intermediate-dose
melphalan improves survival of myeloma patients aged 50 to 70: results of a
randomized controlled trial. Blood, 15;104(10):3052-7.

Paripati H, Stewart AK, Cabou S, Dueck A, Zepeda V], Pirooz N, Ehlenbeck C, Reeder C,
Slack J, Leis JF, Boesiger ], Torloni AS, Fonseca R & Bergsagel PL.(2008).
Compromised stem cell mobilization following induction therapy with
lenalidomide in myeloma. Leukemia, 22(6):1282-4.

Petrucci MT, Avvisati G, La Verde G, De Fabritiis P, Ribersani M, Palumbo G, De Felice L,
Rusignuolo A, Simone F, Meloni G & Mandelli F.(2003). Intermediate-dose
cyclophosphamide and granulocyte colony-stimulating factor is a valid alternative
to high-dose cyclophosphamide for mobilizing peripheral blood CD34+ cells in
patients with multiple myeloma. Acta Haematol, 109(4):184-8.

Pinto V, Castelli A, Gaidano G & Conconi A.(2010). Safe and effective use of plerixafor plus
G-CSF in dialysis-dependent renal failure. Am | Hematol, 85:461-2.

Popat U, Saliba R, Thandi R, Hosing C, Qazilbash M, Anderlini P, Shpall E,McMannis J,
Korbling M, Alousi A, Andersson B, Nieto Y, Kebriaei P, Khouri I, de Lima M,
Weber D, Thomas S, Wang M, Jones R, Champlin R & Giralt S.(2009). Impairment

www.intechopen.com



Stem Cell Mobilization in Multiple Myeloma 261

of filgrastim-induced stem cell mobilization after prior lenalidomide in patients
with multiple myeloma. Biol Blood Marrow Transplant, 15: 718-23.

Pusic I, Jiang SY, Landua S, Uy GL, Rettig MP, Cashen AF, Westervelt P, Vij R,Abboud CN,
Stockerl-Goldstein KE, Sempek DS, Smith AL & DiPersio JF.(2008). Impact of
mobilization and remobilization strategies on achieving sufficient stem cell yields
for autologous transplantation. Biol Blood Marrow Transplant, 14(9):1045-56.

Rajkumar SV, Hayman SR, Lacy MQ, Dispenzieri A, Geyer SM, Kabat B, Zeldenrust
SR, Kumar S, Greipp PR, Fonseca R, Lust JA, Russell S], Kyle RA, Witzig TE & Gertz
MA.(2005). Combination therapy with lenalidomide plus dexamethasone
(Rev/Dex) for newly diagnosed myeloma. Blood, 15;106(13):4050-3.

Rajkumar SV, Blood E, Vesole D, Fonseca R & Greipp PR; Eastern Cooperative Oncology
Group.(2006). Phase III clinical trial of thalidomide plus dexamethasone compared
with dexamethasone alone in newly diagnosed multiple myeloma: a clinical trial
coordinated by the Eastern Cooperative Oncology Group. | Clin Oncol, 20;24(3):431-
6.

Reeder CB, Reece DE, Kukreti V, Chen C, Trudel S, Hentz ], Noble B, Pirooz NA,Spong JE,
Piza ]G, Zepeda VH, Mikhael JR, Leis JF, Bergsagel PL, Fonseca R & Stewart
AK.(2009). Cyclophosphamide, bortezomib and dexamethasone induction for
newly diagnosed multiple myeloma: high response rates in a phase II clinical trial.
Leukemia, 23(7):1337-41.

Richardson PG, Weller E, Lonial S, Jakubowiak AJ, Jagannath S, Raje NS, Avigan DE, Xie W,
Ghobrial IM, Schlossman RL, Mazumder A, Munshi NC, Vesole DH, Joyce
R Kaufman JL, Doss D, Warren DL, Lunde LE, Kaster S, Delaney C, Hideshima
T,Mitsiades CS, Knight R, Esseltine DL & Anderson KC.(2010). Lenalidomide,
bortezomib, and dexamethasone combination therapy in patients with newly
diagnosed multiple myeloma. Blood, 5;116(5):679-86.

Roncon S, Barbosa IL, Campilho F, Lopes SM, Campos A & Carvalhais A.(2011).
Mobilization and collection of peripheral blood stem cells in multiple myeloma
patients older than 65 years. Transplant Proc, 43(1):244-6.

Shaughnessy P, Islas-Ohlmayer M, Murphy ], Hougham M, Macpherson ], Winkler K, Silva
M, Steinberg M, Matous ], Selvey S, Maris M & McSweeney PA.(2011). Cost and
Clinical Analysis of Autologous Hematopoietic Stem Cell Mobilization with G-CSF
and Plerixafor compared to G-CSF and Cyclophosphamide. Biol Blood Marrow
Transplant, 17:729-36.

Steidl U, Fenk R, Bruns I, Neumann F, Kondakci M, Hoyer B, Grdf T, Rohr UP, Bork S,
Kronenwett R, Haas R & Kobbe G.(2005). Successful transplantation of peripheral
blood stem cells mobilized by chemotherapy and a single dose of pegylated G-CSF
in patients with multiple myeloma. Bone Marrow Transplant, 35: 33-6.

Stewart DA, Smith C, MacFarland R & Calandra G. (2009).Pharmacokinetics and
pharmacodynamics of plerixafor in patients with non-Hodgkin lymphoma and
multiple myeloma. Biol Blood Marrow Transplant, 15: 39-46.

Stiff P, Micallef I, McCarthy P, Magalhaes-Silverman M, Weisdorf D, Territo M, Badel K. &
Calandra G. Treatment with plerixafor in non-Hodgkin's lymphoma and multiple
myeloma patients to increase the number of peripheral blood stem cells when
given a mobilizing regimen of G-CSF: implications for the heavily pretreated
patient. Biol Blood Marrow Transplant, 2009; 15: 249-56.

www.intechopen.com



262 Multiple Myeloma — An Overview

Straka C, Hebart H, Adler-Reichel S, Werding N, Emmerich B & Einsele H.(2003). Blood
stem cell collections after mobilization with combination chemotherapy containing
ifosfamide followed by G-CSF in multiple myeloma. Oncology, 65 Suppl 2:94-8.

Sutherland DR, Anderson L, Keeney M, Nayar R & Chin-Yee I. (1996). The ISHAGE
guidelines for CD34+ cell determination by flow cytometry. International Society of
Hematotherapy and Graft Engineering. ] Hematother, 5: 213-26.

Tempescul A, Ianotto JC, Hardy E, Quivoron F, Petrov L & Berthou C.(2010). Peripheral
blood stem cell collection in elderly patients. Ann Hematol, 89(3):317-21.

To LB, Shepperd KM, Haylock DN, Dyson PG, Charles P, Thorp DL, Dale BM, Dart GW,
Roberts MM & Sage RE.(1990). Single high doses of cyclophosphamide enable the
collection of high numbers of hemopoietic stem cells from the peripheral blood. Exp
Hematol, 18(5):442-7.

Tricot G, Barlogie B, Zangari M, van Rhee F, Hoering A, Szymonifka ] & Cottler-Fox M.
(2008).Mobilization of peripheral blood stem cells in myeloma with either
pegfilgrastim or filgrastim following chemotherapy. Haematologica, 93: 1739-42.

Tricot G, Cottler-Fox MH & Calandra G.(2010). 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, 45(1):63-
8.

Wang M, Dimopoulos MA, Chen C, Cibeira MT, Attal M, Spencer A, Rajkumar SV, Yu
Z,0lesnyckyj M, Zeldis JB, Knight RD & Weber DM.(2008). Lenalidomide plus
dexamethasone is more effective than dexamethasone alone in patients with
relapsed or refractory multiple myeloma regardless of prior thalidomide exposure.
Blood, 1;,112(12):4445-51.

Willis F, Woll P, Theti D, Jamali H, Bacon P, Baker N & Pettengell R.(2009). Pegfilgrastim for
peripheral CD34+ mobilization in patients with solid tumours. Bone Marrow
Transplant , 43: 927-34.

Wood WA, Whitley ], Moore D, Sharf A, Irons R, Rao K, Serody J, Coghill ], Gabriel D &
Shea T.(2011). Chemomobilization with Etoposide is Highly Effective in Patients
with Multiple Myeloma and Overcomes the Effects of Age and Prior Therapy. Biol
Blood Marrow Transplant, 17(1):141-6.

Wuchter P, Ran D, Bruckner T, Schmitt T, Witzens-Harig M, Neben K, Goldschmidt H & Ho
AD.(2010). Poor mobilization of hematopoietic stem cells-definitions, incidence,
risk factors, and impact on outcome of autologous transplantation. Biol Blood
Marrow Transplant,16(4):490-9.

Zappasodi P, Nosari AM, Astori C, Ciapanna D, Bonfichi M, Varettoni M,Mangiacavalli S,
Morra E, Lazzarino M & Corso A.(2008). DCEP chemotherapy followed by a single,
fixed dose of pegylated filgrastim allows adequate stem cell mobilization in
multiple myeloma patients. Transfusion,48(5):857-60.

www.intechopen.com



- Multiple Myeloma - An Overview
MULTIPLE MYELOMA, Edited by Dr. Ajay Gupta

N O W [

e by Ay iapra

ISBN 978-953-307-768-0

Hard cover, 274 pages

Publisher InTech

Published online 20, January, 2012
Published in print edition January, 2012

Multiple myeloma is a malignant disorder characterized by the proliferation of plasma cells. Much insight has
been gained into the molecular pathways that lead to myeloma and indeed much more remains to be done.
The understanding of these pathways is closely linked to their therapeutic implications and is stressed upon in
the initial chapters. Recently, the introduction of newer agents such as bortezomib, lenalidomide, thalidomide,
liposomal doxorubicin, etc. has led to a flurry of trials aimed at testing various combinations in order to improve
survival. Higher response rates observed with these agents have led to their integration into induction
therapies. The role of various new therapies vis a vis transplantation has also been examined. Recent
advances in the management of plasmacytomas , renal dysfunction, dentistry as well as mobilization of stem
cells in the context of myeloma have also found exclusive mention. Since brevity is the soul of wit our attempt
has been to present before the reader a comprehensive yet brief text on this important subject.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Sule Mine Bakanay and Taner Demirer (2012). Stem Cell Mobilization in Multiple Myeloma, Multiple Myeloma
- An Overview, Dr. Ajay Gupta (Ed.), ISBN: 978-953-307-768-0, InTech, Available from:
http://www.intechopen.com/books/multiple-myeloma-an-overview/stem-cell-mobilization-in-patients-with-
multiple-myeloma

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE EBHIERFEK6SS iEEPrRE ARG DA E4058TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




