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DIPARTIMENTO DI SCIENZE CLINICHE E 
MOLECOLARI 

UNIVERSITÀ POLITECNICA DELLE MARCHE  

REVISIONE	
  CRITICA	
  DELLA	
  LETTERATURA	
  
CHT	
  +	
  G-­‐CSF	
  VS	
  G-­‐CSF	
  +-­‐PLERIXAFOR	
  	
  

	
  

Mobilizzazione	
  di	
  cellule	
  staminali	
  emopoieFche	
  
“chemo-­‐free”	
  nel	
  Mieloma	
  MulFplo:	
  è	
  tempo	
  di	
  

prime	
  Fme?	
  
	
  Bologna,	
  16	
  marzo	
  2017	
  	
  



The	
  «ideal	
  collecFon»	
  

•  Large	
  number	
  of	
  CD34+	
  (>2	
  ASCT	
  procedures)...	
  
•  …in	
  one	
  short	
  LK	
  procedure…	
  
•  …withouth	
  need	
  of	
  several	
  days	
  of	
  monitoring…	
  
•  …withouth	
  reaching	
  exagerate	
  Leukocyte	
  count…	
  
•  …with	
  low	
  PMN	
  contamina9on…	
  
•  …with	
  high	
  immunocompetent	
  cell	
  content…	
  
•  …with	
  low/absent	
  tumor	
  cell	
  contaminaPon…	
  
•  …easy	
  to	
  plan	
  (fixed	
  collecPon	
  day!)…	
  
•  …no	
  need	
  of	
  toxic	
  mobilizing	
  agents…	
  
•  …no	
  SAE	
  during	
  the	
  mobilizaPon.	
  

	
  	
  

Feasibility  
of ASCT 

Less costs,  
better QOL 

Minor risk, 
 

Better product 

•  Appropriate 
use of 
resources 

•  Less 
morbidity 



PRE-­‐P
LERIX

AFOR
	
  ERA	
  



Mobilizzazioni fallite nel 2012 e nel 2013 
(aferesi non iniziata o raccolta <2x106/Kg di CD34+) 
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Percentuale fallite/eseguite 
•  MM:7% 
•  Linfomi: 8,4% 
•  Totale: 7,8% 

Percentuale fallite/eseguite 
•  MM:7% 
•  Linfomi: 10% 
•  Totale: 8,5% 



RE-­‐MOBILIZATION	
  RATE	
  

•  1834	
  paPents	
  undergoing	
  autologous	
  PBSC	
  
mobilisaPon	
  at	
  Washington	
  University,	
  St	
  
Louis,	
  USA	
  showed	
  that	
  269	
  paPents	
  (14.7%)	
  
required	
  re–mobilisaPon	
  due	
  to	
  inadequate	
  
PBSC	
  dose	
  	
  

	
  Pusic	
  I,	
  Jiang	
  SY,	
  Landua	
  S,	
  Uy	
  GL,	
  Re"g	
  MP,	
  Cashen	
  AF	
  et	
  al.	
  Impact	
  of	
  MobilizaPon	
  
and	
  RemobilizaPon	
  Strategies	
  on	
  Achieving	
  Sufficient	
  Stem	
  Cell	
  Yields	
  for	
  Autologous	
  
TransplantaPon.	
  Biology	
  of	
  Blood	
  and	
  Marrow	
  Transplanta9on	
  2008;14:1045–1056.	
  



RE-­‐MOBILIZATION	
  RESULTS	
  

•  Re–mobilisaPon	
  using	
  convenPonal	
  
approaches	
  failed	
  to	
  mobilise	
  sufficient	
  CD34+	
  
cells	
  for	
  transplant	
  in	
  29.7%	
  of	
  paPents,	
  even	
  
when	
  cells	
  obtained	
  at	
  re–mobilisaPon	
  were	
  
pooled	
  with	
  previously	
  cryopreserved	
  PBSC	
  
from	
  first	
  mobilisaPon.	
  	
  

	
  Pusic	
  I,	
  Jiang	
  SY,	
  Landua	
  S,	
  Uy	
  GL,	
  Re"g	
  MP,	
  Cashen	
  AF	
  et	
  al.	
  Impact	
  of	
  MobilizaPon	
  
and	
  RemobilizaPon	
  Strategies	
  on	
  Achieving	
  Sufficient	
  Stem	
  Cell	
  Yields	
  for	
  Autologous	
  
TransplantaPon.	
  Biology	
  of	
  Blood	
  and	
  Marrow	
  Transplanta9on	
  2008;14:1045–1056.	
  



Is	
  there	
  an	
  opFmal	
  dose	
  of	
  CD34+	
  
cells	
  to	
  be	
  collected	
  for	
  a	
  safe	
  ASCT?	
  

Ø  The	
  minimal	
  threshold	
  CD34+	
  cell	
  dose	
  to	
  be	
  infused	
  is	
  agreed	
  
to	
  be	
  ≥	
  2-­‐2.5	
  million	
  CD34	
  cells/kg	
  for	
  a	
  single	
  ASCT.	
  	
  

Ø  The	
  opFmal	
  dose	
  for	
  ideal	
  platelet	
  recovery	
  is	
  4–6	
  million	
  CD34	
  
cells/kg.	
  

Ø  Reinfusion	
  of	
  high	
  doses	
  of	
  CD34+	
  cells	
  is	
  associated	
  with:	
  
Ø  	
  long	
  term	
  stable	
  engramment	
  
Ø  fast	
  platelet	
  and	
  neutrophil	
  engramment	
  	
  
Ø  reducPon	
  in	
  the	
  need	
  for	
  supporPve	
  measures,	
  leading	
  to	
  a	
  

significant	
  cost	
  sparing	
  	
  
Ø  	
  reduced	
  toxicity	
  and	
  increased	
  survival	
  rates	
  



tempo of PMN engraftment was 
indistinguishable between 

patients who received 2.5 to 5.0 
and >5.0 x 10e6 CD34+ cells/kg.  

 
In contrast,  the probabilities for 
achieving platelet independence 

were distinct 
for each cell dose level  

PMN 
platelet  

PMN 

PMN platelet  

platelet  

CD 34+ dose 



Target	
  dose	
  of	
  CD34+	
  cells	
  can	
  be	
  both	
  
disease-­‐specific	
  or	
  program-­‐specific	
  

Efficacy	
  outcome	
  measures:	
  
	
  

• number	
  of	
  days	
  of	
  apheresis	
  required	
  to	
  mobilize	
  	
  

• the	
  minimum	
  (≥2×106	
  CD34+	
  cells/kg)	
  	
  

• and	
  opPmum:	
  ≥5×106	
  CD34+	
  cells/kg	
  for	
  NHL	
  and	
  HD	
  
	
  	
  

• ….or	
  ≥6×106	
  CD34+	
  cells/kg	
  for	
  MM	
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Stem Cell Transplantation

Introduction

High-dose chemotherapy followed by autologous
hematopoietic stem cell transplantation of peripheral blood
stem cells remains a standard of care for patients with
relapsed or treatment-refractory high-grade non-Hodgkin’s
lymphoma (NHL), Hodgkin’s disease (HD), or multiple
myeloma (MM) with a large tumor mass.1-4 The correlation
between successful engraftment and the number of CD34+

cells infused has been well established, making it important
to optimize the number of peripheral blood stem cells collect-
ed during apheresis.5 The target number of CD34+ cells uti-

lized for a single autologous hematopoietic stem cell trans-
plant may vary between sites, but it has been suggested to be
≥5×106 CD34+ cells/kg recipient body weight with 2×106

CD34+ cells/kg being the minimum number required to guar-
antee successful engraftment.6,7 The number of circulating
hematopoietic stem cells increases during the recovery phase
of chemotherapy-induced myelosuppression, as well as after
the administration of various cytokines and hematopoietic
growth factors including granulocyte colony-stimulating fac-
tor (G-CSF).2,8,9 Over the last two decades, clinical practices
have taken advantage of these observations. However,
increasing awareness of mobilization failure with G-CSF

©2013 Ferrata Storti Foundation. This is an open-access paper. doi:10.3324/haematol.2012.071456
Manuscript received on July 5, 2012. Manuscript accepted on August 31, 2012. 
Correspondence: nigel.russell@nottingham.ac.uk

In Europe, the combination of plerixafor + granulocyte colony-stimulating factor is approved for the mobilization
of hematopoietic stem cells for autologous transplantation in patients with lymphoma and myeloma whose cells
mobilize poorly. The purpose of this study was to further assess the safety and efficacy of plerixafor + granulocyte
colony-stimulating factor for front-line mobilization in European patients with lymphoma or myeloma. In this
multicenter, open label, single-arm study, patients received granulocyte colony-stimulating factor (10 µg/kg/day)
subcutaneously for 4 days; on the evening of day 4 they were given plerixafor (0.24 mg/kg) subcutaneously.
Patients underwent apheresis on day 5 after a morning dose of granulocyte colony-stimulating factor. The primary
study objective was to confirm the safety of mobilization with plerixafor. Secondary objectives included assess-
ment of efficacy (apheresis yield, time to engraftment). The combination of plerixafor + granulocyte colony-stim-
ulating factor was used to mobilize hematopoietic stem cells in 118 patients (90 with myeloma, 25 with non-
Hodgkin’s lymphoma, 3 with Hodgkin’s disease). Treatment-emergent plerixafor-related adverse events were
reported in 24 patients. Most adverse events occurred within 1 hour after injection, were grade 1 or 2 in severity
and included gastrointestinal disorders or injection-site reactions. The minimum cell yield (≥2×106 CD34+ cells/kg)
was harvested in 98% of patients with myeloma and in 80% of those with non-Hodgkin’s lymphoma in a median
of one apheresis. The optimum cell dose (≥5×106 CD34+ cells/kg for non-Hodgkin’s lymphoma or ≥6×106 CD34+

cells/kg for myeloma) was harvested in 89% of myeloma patients and 48% of non-Hodgkin’s lymphoma patients.
In this prospective, multicenter European study, mobilization with plerixafor + granulocyte colony-stimulating fac-
tor allowed the majority of patients with myeloma or non-Hodgkin’s lymphoma to undergo transplantation with
minimal toxicity, providing further data supporting the safety and efficacy of plerixafor + granulocyte colony-stim-
ulating factor for front-line mobilization of hematopoietic stem cells in patients with non-Hodgkin’s lymphoma or
myeloma. (clinicalTrials.gov identifier: NCT00838357).

Plerixafor and granulocyte colony-stimulating factor for first-line
steady-state autologous peripheral blood stem cell mobilization 
in lymphoma and multiple myeloma: results of the prospective 
PREDICT trial
Nigel Russell,1 Kenny Douglas,2 Anthony D. Ho,3 Mohamad Mohty,4 Kristina Carlson,5 G.J. Ossenkoppele,6 Giuseppe
Milone,7 Macarena Ortiz Pareja,8 Daniel Shaheen,9 Arnold Willemsen,10 Nicky Whitaker,11 and Christian Chabannon12

1Nottingham University Hospital (City Campus), Nottingham, UK; 2Beatson West of Scotland Cancer Centre, Glasgow,
UK; 3University of Heidelberg, Heidelberg, Germany; 4Centre Hospitalier et Universitaire (CHU) de Nantes, Nantes,
France; 5University Hospital, Uppsala, Sweden; 6VU University Medical Center, Amsterdam, the Netherlands; 7University
of Catania Medical School, Catania, Italy; 8Carlos Haya, Málaga, Spain; 9Sanofi Oncology, Cambridge, Massachusetts,
USA; 10Genzyme Europe B.V, Naarden, the Netherlands; 11Genzyme S.A.S, St Germain-en-Laye, France; 12Institut Paoli-
Calmettes, Marseille, France
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Make the best decision about 
definition of poor mobilizer: 

(proven or predicted PM) 

Increase 
ASCT 

feasibility 

Avoid delay to 
transplantation)  

Avoid side 
effects of 

remobilization 

Criteria for “Poor 
Mobilizer”  

C
R

IT
ER

IA
 

M
O

TI
VA

TI
O

N
S 

G
O

A
LS

 

Reduce time 
to engraftment 

Optimizing 
resource use 

The	
  GITMO-­‐WG	
  	
  project	
  



Final definition: a patient with MM or lymphoma candidate to ASCT is a: 

Proven  

poor  

mobilizer 

 if he/she received adequate mobilization (G-CSF≥10 µg/Kg alone or ≥5µg/Kg after chemo) and he/she 

 shows: peak CD34+ circulating cell count <20/µl on day 4-6 after start of mobilization with G-CSF alone  

or up to 20 days after chemotherapy and G-CSF 

OR  in case of less than 2.0 X106 harvested CD34+ cells/Kg  

(i.e. minimum safe dose for each planned ASCT) by ≤3 aphaereses  

Predicted 

 poor  

mobilizer 

 

if he/she holds at least  

-one major criterion or  

-at least 2 minor criteria 

  

Major criteria: 

• Failed previous mobilization attempt  

• Prior extensive radiotherapy to marrow bearing tissue 

• Full courses of previous therapy including melphalan, fludarabine or other therapies potentially  

          affecting stem cell mobilization   

Minor criteria:  

• Advanced phase disease, i.e. at least 2 prior cytotoxic lines  

• Refractory disease 

• Extensive BM involvement at mobilization 

• BM cellularity <30% at mobilization  

• Age >65 years  



SHOULD	
  WE	
  ADOPT	
  AN	
  UNIVERSAL	
  
SCHEDULE	
  

FOR	
  PBSC	
  MOBILIZATION?	
  
•  MOBILIZATION	
  WITH	
  G-­‐CSF	
  ALONE?	
  	
  
•  CHEMO-­‐MOBILIZATION	
  	
  WITH	
  DISEASE-­‐SPECIFIC	
  SCHEDULES?	
  (E.G.	
  DHAP)	
  
•  CHEMO-­‐MOBILIZATION	
  WITH	
  CYTOXAN?	
  (2-­‐3	
  G/M2)	
  

HOW	
  AND	
  WHEN	
  ADDING	
  PLERIXAFOR?	
  
•  Upfront	
  (always…)	
  
•  AGer	
  failure	
  (proven	
  PM)	
  
•  On	
  demand	
  (different	
  strategies)	
  
•  Pre-­‐empOve	
  (predicted	
  PM:???)	
  



Do	
  we	
  really	
  need	
  to	
  improve	
  the	
  
PBSC	
  harvest	
  in	
  MM?	
  

	
  
• Two	
  main	
  opPons	
  for	
  mobilizaPon	
  :	
  G-­‐CSF	
  alone	
  (10	
  mcg/
kg/day)	
  or	
  intermediate-­‐dose	
  Cyclophosphamide	
  	
  (2-­‐4	
  g/
M2)	
  followed	
  by	
  G-­‐CSF	
  Koc	
  ON,	
  J	
  Clin	
  Oncol.	
  2000;18:1824-­‐1830;	
  Narayanasami	
  U;	
  
Blood.	
  2001;98:2059-­‐2064.	
  

• ex	
  vivo	
  purging	
  of	
  stem	
  cell	
  products	
  (CD34+select)	
  to	
  
remove	
  contaminaPon	
  by	
  myeloma	
  cells	
  had	
  no	
  impact	
  on	
  
paPent	
  outcome	
  .	
  (Vescio	
  R	
  et	
  al	
  Blood	
  1999;93:1858;	
  	
  Stewart	
  AK	
  et	
  al	
  J	
  Clin	
  Oncol	
  
2001;19:3771–3779);	
  Bourhis	
  JH	
  et	
  al	
  Haematologica	
  2007;	
  92(08)	
  	
  
	
  

• …	
  however	
  the	
  presence	
  of	
  circulaPng	
  clonal	
  PCs	
  predicts	
  
early	
  relapse	
  amer	
  ASCT	
  (Dingli	
  D.	
  et	
  al	
  Flow	
  cytometric	
  detecPon	
  of	
  circulaPng	
  
myeloma	
  cells	
  before	
  transplantaPon:	
  a	
  simple	
  risk	
  straPficaPon	
  system.	
  BLOOD,15,2006,107,	
  8.	
  

	
  



the myeloma transplant activity as reported to the Center for
International Blood and Marrow Transplant Research (CIBMTR)
and the European Group for Blood and Marrow Transplant
(EBMT). Of particular interest is the continued increase in the
number of autotransplants performed for myeloma, even after
the approval of bortezomib and lenalidomide.

Stem cell procurement for ASCT has traditionally been guided
by one of the two strategies:

(a) Marrow harvesting: involving direct penetration and aspira-
tion of the marrow from the bones (usually the iliac crests)
through multiple marrow aspirations to collect a total of
500–1000ml of a blood and marrow mixture.

(b) Stem cell mobilization using colony-stimulating factors with
or without prior chemotherapy.

Table 2 provides a summary of the current pros and cons of each
collection method and the current proportion of patients as
reported to the CIBMTR that undergo each procedure.

Stem cell mobilization for myeloma patients is primarily (but
not exclusively) performed using filgrastim granulocyte-colony
stimulating factor (GCSF) alone or after cyclophosphamide
chemotherapy. The target CD34þ cell dose to be collected
as well as the number of apheresis performed varies throughout
the country, but a minimum of 2 million CD34þ cells/kg has
been traditionally used for the support of one cycle of high-dose
therapy.

With the advent of plerixafor (AMD3100), a novel stem cell
mobilization agent, as well as novel induction regimens, it is
pertinent to review the current status of stem cell mobilization
for myeloma as well as the role of autologous stem cell
transplantation in this disease. On 1 June, 2008, a panel of
experts was convened by the International Myeloma Foundation
to address issues regarding stem cell mobilization and auto-
logous transplantation in myeloma. The panel was asked to
discuss a variety of issues regarding stem cell collection and
transplantation in myeloma in the context of plerixafor. This
article is focused on the current role of ASCT, pros and cons of
current mobilization approaches, factors influencing the success
of collection and ideal cell doses in the context of plerixafor.
The impact of novel agents on the stem cell collection process,
possible mechanisms involved and approaches to improve stem
cell collection in these patients are not part of this paper but
will be addressed in a separate set of recommendations from
our group.

Issues in stem cell collection

Is there an optimum CD34þ cell dose to be infused?
In the setting of allogeneic bone marrow transplantation, the
beneficial effects of higher stem cell doses as determined by the
numbers of nucleated cells or CD34þ cells has been confirmed
in multiple retrospective analysis for both T-cell depleted and
non-T-cell depleted transplants.2–4 The improvement in out-
comes is due to decreases in non-relapse mortality from
improved hematologic reconstitution and lower rates of infec-
tion. However, in the setting of allogeneic peripheral blood stem

Table 2 Pros and Cons of commonly used mobilization strategies in patients with myeloma

Strategy Frequency used Pros Cons Comments

Single agent filgrastim Most common Ease of use Only moderate CD34 yield Current gold standard
Cost
Effective 480% of time
Minimal toxicity
Predictable

No anti-myeloma effect

Cyclophosphamide plus
filgrastim

Most common
chemomobilization
used

Predictability
Overcomes lenalidomide
stem cell effect
Well tolerated
Predictable

Cytopenias and infectious
complications
Adds costs
Minimal anti-myeloma effect
Resource utilization

Doses over 4 g/m2

associated with more
toxicity without clear
clinical benefit

Combination
chemotherapy plus
filgrastim

In some selected
centers or for
patients with high
tumor burden

Disease control
In vivo purging

Toxicity
Cytopenias and infectious
complications
Cost and delays in eventual
transplantation

DTPACE and modified
CVAD commonly used.
No comparative trials

Combination growth
factors

Filgrastim and
GMCSF explored
now rarely used

Theoretical improvement in
graft composition

Costs
GMCSF not available in
Europe

No proven benefit

Table 1 Transplant activity (a) in North America and Europe as
reported to the centers for international blood and marrow transplant
research (CIBMTR); (b) in Europe as reported to the European group for
blood and marrow transplant (EBMT)

Year of transplant

(a) 2000 2001 2002 2003 2004

Type of transplant
Allogeneic 77 88 65 50 29
Autologous 1311 1529 1657 1822 2021
No planned 2nd tx 668 1205 1338 1535 1506
Planned 2nd auto 134 149 132 154 330
Planned 2nd allo 12 26 35 21 73

(b) 2002 2003 2004 2005 2006

Type of transplant
Allogeneic 297 247 164 513 489
Autologous 4376 4971 5324 5787 5938
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Multiple myeloma is the most common indication for high-dose
chemotherapy with autologous stem cell support (ASCT) in
North America today. Stem cell procurement for ASCT has most
commonly been performed with stem cell mobilization using
colony-stimulating factors with or without prior chemotherapy.
The target CD34þ cell dose to be collected as well as the
number of apheresis performed varies throughout the country,
but a minimum of 2 million CD34þ cells/kg has been
traditionally used for the support of one cycle of high-dose
therapy. With the advent of plerixafor (AMD3100) (a novel stem
cell mobilization agent), it is pertinent to review the current
status of stem cell mobilization for myeloma as well as the role
of autologous stem cell transplantation in this disease. On June
1, 2008, a panel of experts was convened by the International
Myeloma Foundation to address issues regarding stem cell
mobilization and autologous transplantation in myeloma in the
context of new therapies. The panel was asked to discuss a variety
of issues regarding stem cell collection and transplantation in

myeloma especially with the arrival of plerixafor. Herein, is a
summary of their deliberations and conclusions.
Leukemia advance online publication, 25 June 2009;
doi:10.1038/leu.2009.127
Keywords: myeloma; plerixafor; stem cell collection; high-dose
therapy; IMWG; guidelines

Introductory overview

Current status of stem cell mobilization in multiple
myeloma
Multiple myeloma is the most common indication for high-dose
chemotherapy with autologous stem cell support (ASCT) in
North America today.1 High-dose therapy with ASCT remains
the treatment associated with the highest complete remission
rate and when compared with conventional chemotherapy is
associated with improvements in survival. The role of high-dose
therapy in the context of novel anti-myeloma therapies such as
thalidomide, bortezomib, lenalidomide and combinations is
being re-explored, but it is likely that high-dose therapy will
remain an important component of frontline and relapsed
myeloma therapy for the next 5–10 years. Table 1 demonstrates
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Table 1

Patient characteristics (N = 716)

Variable CY (n = 370) Growth factor only (n = 346) P-value

Men, no. of patients (%) 224 (61) 202 (58) 0.50

Age, median (IQR), years 58 (52–64) 60 (53–65) 0.11

ȕ-2Microglobulin, median (IQR), ȝg/ml 2.7 (1.9–4.0) 2.3 (1.9–3.2) 0.01

Creatinine, median (IQR), mg per 100 ml 1.1 (0.9–1.3) 1.0 (0.8–1.2) 0.002

Apheresis, median (IQR) collections, no. 2 (1–3) 4 (3–6) 0.001

Marrow plasma cells, % 17 (5–34) 5 (1–13) 0.001

CD34+ cells, median (IQR), cells/kg

 Total collected 10.3×106 (7.2×106–14.6×106) 9.9×106 (7.6×106–11.9×106) 0.01

 Infused 5.6×106 (4.5×106–7.6×106) 4.2×106 (3.8×106–5.0×106) <0.001

Duration of hospitalization, median (IQR), days 4 (0–10) 4 (0–9) 0.92

Nonstaphylococcal bacteremia, no. of patients (%) 48 (13) 25 (7) 0.01

Melphalan dosage, no. of patients (%) 0.04

 200 mg/m2 a 337 (91) 298 (86)

 140 mg/m2 a 33 (9) 48 (14)

Exposure before mobilization, no. of patients (%)

 Melphalan 45 (12) 44 (13) 0.50

 Lenalidomide 14 (4) 63 (18) 0.01

Abbreviation: IQR = interquartile range.

a
Or equivalent dosage.

Bone Marrow Transplant. Author manuscript; available in PMC 2010 August 3.
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Abstract
We retrospectively analyzed outcomes of 716 patients with multiple myeloma who were
mobilized using CY and growth factor (n=370) or growth factor alone (n=346) before SCT.
Patients receiving CY had higher stem cell yields than the growth factor only group (median
number of apheresis sessions needed to achieve stem cell collection goals, two vs four sessions,
respectively (P=0.001)). However, patients treated with CY required more time for engraftment of
platelets and neutrophils (P<0.001 for both). For patients receiving CY, 75% achieved
engraftment (defined as a platelet count of 50×109/l) by day 39, whereas 75% of patients not
receiving CY achieved engraftment by day 18. Similar results were observed for neutrophil
engraftment. These differences did not affect the duration of hospitalization, but patients treated
with CY had a higher incidence of post transplant nonstaphylococcal bacteremia. For CY-
mobilized patients, considerably faster platelet engraftment (5 fewer days) resulted if stem cell
reinfusion occurred more than 30 days after the first apheresis session. Our data suggested that CY
damaged the microenvironment and slowed engraftment. By lengthening the period between the
completion of apheresis and stem cell reinfusion, the microenvironment may recover and result in
faster engraftment.
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CY; engraftment; mobilization; multiple myeloma; SCT

Introduction
High-dose chemotherapy with stem cell reconstitution is an integral part of the management
of patients with multiple myeloma.1,2 To ensure a safe outcome and low mortality rate, and
to reduce the risk of serious infections and bleeding from protracted cytopenia, sufficient
numbers of hematopoietic stem cells must be infused to achieve prompt engraftment.3,4
Since the early days of SCT, the standard mobilization technique has combined the
administration of CY5 and a growth factor, and apheresis was initiated when the WBC count
showed evidence of rebound from the chemotherapy-induced nadir.6,7 Subsequent studies
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MobilizaFon	
  strategy	
  48	
  pts	
  evaluable	
  

G-­‐CSF	
  5	
  mcg/Kg	
  

Days	
  	
  	
  	
  	
  	
  	
  	
  	
  1	
  –	
  2	
  –	
  3	
  –	
  4	
  –	
  5	
  –	
  6	
  –	
  7	
  –	
  8	
  –	
  9	
  –	
  10	
  –	
  11	
  –	
  12	
  –	
  13	
  –	
  14	
  -­‐	
  15	
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  mg	
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  mg	
  	
   BOR	
  /DMZ	
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  /DMZ	
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Cy	
  3g/m2	
  

WBC 
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CD 34      > 15/mcl 

START LK 

<15/mcl 

START 
Plerixafor 

Days>15 continue G-CSF 

Target	
  >2.5x10e6CD34+/kg	
  

Plerixafor in proven or predicted PM (4pts) by default+ 2pts on demand 



MOBILIZATION	
  RESULTS	
  
	
  
•  47/48	
  (98%)	
  pts	
  successfully	
  mobilized	
  >2.0	
  CD34+	
  cells/Kg	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (overall	
  feasibility:	
  47/69=	
  75%	
  on	
  ITT	
  basis)	
  	
  
	
  
•  Median	
  harvested	
  CD34+:	
  7x106	
  /Kg	
  (range:	
  2.75-­‐23)	
  
	
  	
  

•  In	
  39/47	
  (83%)	
  pts	
  PBSC	
  harvest	
  >	
  4.0x106	
  /Kg	
  
	
  
•  Median	
  number	
  of	
  leukaphereses:	
  2	
  (range:	
  1-­‐4)	
  
	
  
•  6	
  (12.5%)	
  pts	
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  (2	
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  2	
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  PM,	
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  on	
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  6.6	
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  Gr	
  ¾	
  Cardiac	
   1	
  	
  	
  	
  (congesPve	
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F.U.O.	
   7	
  

SepFc	
  shock	
  (death)	
   1	
  
Gr.3/4	
  InfecPons	
   0	
  

Gr.3/4	
  GastrointesPnal	
   0	
  

Gr.3/4	
  Pulmonary	
   0	
  

Neurologic	
  (PN)	
   0	
  

Renal	
   0	
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A randomized phase II study of stem cell mobilization
with cyclophosphamide+G-CSF or G-CSF alone after
lenalidomide-based induction in multiple myeloma
R Silvennoinen1, P Anttila2, M Säily3, T Lundan4, J Heiskanen2, TM Siitonen3, S Kakko3, M Putkonen5, H Ollikainen6, V Terävä7, A Kutila8,
K Launonen9, A Räsänen10, A Sikiö11, M Suominen12, P Bazia13, K Kananen13, T Selander14, T Kuittinen1, K Remes5,15 and E Jantunen1

The most common means of mobilizing autologous stem cells is G-CSF alone or combined with cyclophosphamide (CY) to obtain
sufficient CD34+ cells for one to two transplants. There are few prospective, randomized studies investigating mobilization
regimens in multiple myeloma (MM), especially after lenalidomide-based induction. We designed this prospective, randomized
study to compare low-dose CY 2 g/m2+G-CSF (arm A) and G-CSF alone (arm B) after lenalidomide-based up-front induction in MM.
Of the 80 initially randomized patients, 69 patients were evaluable, 34 and 35 patients in arms A and B, respectively. The primary
end point was the proportion of patients achieving a yield of ⩾ 3× 106/kg CD34+ cells with 1− 2 aphereses, which was achieved in
94% and 77% in arms A and B, respectively (P= 0.084). The median number of aphereses needed to reach the yield of ⩾ 3× 106/kg
was lower in arm A than in arm B (1 vs 2, P= 0.035). Two patients needed plerixafor in arm A and five patients in arm B (P= 0.428).
Although CY-based mobilization was more effective, G-CSF alone was successful in a great majority of patients to reach the defined
collection target after three cycles of lenalidomide-based induction.

Bone Marrow Transplantation (2016) 51, 372–376; doi:10.1038/bmt.2015.236; published online 5 October 2015

INTRODUCTION
Autologous stem cell transplantation (ASCT) as first line therapy is
still the backbone in the treatment of younger patients with
multiple myeloma (MM).1–2 There are only few prospective,
randomized trials comparing different mobilization methods in
MM.3–4 Early trials showed some benefit from high (7 g/m2) or
intermediate CY (3− 4 g/m2) compared with low-dose CY
(1.5− 2 g/m2) in terms of total CD34+ cell yields but with increased
toxicity.5–8 It has been assumed that CY would also benefit the
outcome in patients with inferior response before mobilization but
subsequent studies have not confirmed this.7,9 With novel agents,
it is possible to achieve at least a very good partial response for
55− 75% of patients before mobilization.1

Prolonged exposure to lenalidomide may impair the mobilization
of CD34+ cells without impact on engraftment kinetics.10–13 If stem
cell mobilization is scheduled in the early phase (⩽3−4 cycles of
lenalidomide-based induction), the rate of failure to achieve grafts for
1− 2 transplants is diminished.14–15 The possible negative effect of
lenalidomide on successful harvesting could be overcome by adding
CY or plerixafor to G-CSF.16–18 The International Myeloma Working
Group suggested that G-CSF alone would be adequate for initial
mobilization in MM patients aged o65 years with fewer than four
cycles of lenalidomide but encourages prospective trials investigating
the up-front use of plerixafor.19 The American Society for Blood and
Marrow Transplantation has published guidelines for autologous

stem cell mobilization20–21 and recommended early collection
between the second and fourth cycles of lenalidomide whenever
possible.20 The phase III study published by DiPersio et al.22 showed
that G-CSF+plerixafor was superior to G-CSF+placebo in MM in terms
of optimal CD34+ cell yield and the number of apheresis needed. Of
note, only o10% of patients had received lenalidomide before
mobilization in that trial. In a recent paper of Clark et al.,23 the prior
therapies correlated with the risk of mobilization failure in the group
mobilized with chemotherapy plus G-CSF but not in the plerixafor
+G-CSF group. Mohty et al.24 concluded that preemptive intervention
based on the CD34+ cell count prior to apheresis might help to
rescue the mobilization failure.
The present phase II randomized prospective multicenter

mobilization study was designed as a substudy in the Finnish
Myeloma Study Group-MM02 trial to compare the efficacy of
low-dose CY 2 g/m2+G-CSF vs G-CSF alone after lenalidomide,
bortezomib and dexamethasone (RVD) induction. To the best of
our knowledge, this is the first prospective randomized trial on
stem cell mobilization after RVD induction.

MATERIALS AND METHODS
Study design
This phase II multicenter trial was conducted at 12 centers in Finland.
Transplant-eligible patients aged ⩽ 70 years with untreated symptomatic
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for 21/34 (62%) and 18/35 (51%) of patients in arms A and B,
respectively (P= 0.469). The proportion of patients able
to achieve this goal with 1− 2 aphereses was 62% in arm A and
50% in arm B (P= 0.662). All patients in both arms reached
the secondary end point, a yield of ⩾ 2× 106/kg CD34+ cells
(minimum collection target) with ⩽ 3 aphereses. The total number
of CD34+ cells collected was higher after CY 2 g/m2+G-CSF
than after G-CSF alone, with medians of 6.7 (2.2− 12.4)× 106/kg
and 5.3 (2.4− 12.4)× 106/kg, respectively (P= 0.012). Plerixafor
was needed for 2 (6%) patients in arm A and for 5 (14%) patients
in arm B (P= 0.428).
There was a statistically significant difference between the arms

regarding the yield of the first apheresis after CY+G-CSF (median
4.0 (0.8− 12.4)× 106/kg) and after G-CSF (2.7 (0.5− 12.4)× 106/kg)
(P= 0.023; Table 2). The median CD34+ cell yields in both arms per
apheresis are shown in Figure 2. There was no difference between
total blood volume processed between study arms (P= 0.841).
There was no statistically significant difference with respect to the
yield ⩾ 4× 106/kg (target for a single transplant suggested by
International Myeloma Working Group19) with one apheresis;
17/34 (50%) achieved it in arm A compared with 10/35 (29%) in
arm B, P= 0.057. Days of hospitalization as well as toxicity during
mobilization and apheresis are shown in Table 3.

Transplantation and engraftment
There was a statistical difference between the arms regarding the
number of CD34+ cells infused after high-dose melphalan 4.3

(2.2− 7.3)× 106/kg and 3.2 (2.3− 6.2)× 106/kg in arms A and B,
respectively (P= 0.010). The engraftment kinetics were, however,
similar regarding the recovery of neutrophil counts 40.5× 109/L
(days +14 (9− 28) and +14 (11− 27), P= 0.879) and platelet counts
420× 109/L without platelet infusions (days +12 (8− 30) and 11
(8− 30), P= 0.672) and blood counts on day +15 (except the
lymphocyte count difference, 0.5× 109/L (0.1− 2.8) and 0.7× 109/L
(0.2− 2.6), P= 0.019) in arms A and B, respectively. Use of G-CSF
after graft infusion was equal in both arms (43% and 40% in arms
A and B, respectively, P= 1.000). The median recovery of
neutrophils appeared on day +12 (11− 19) in patients with
CD34+ cells infused o3× 109/L who had G-CSF support by the
protocol and on day +14 (9− 28) in patients with CD34+ cell count
⩾ 3× 109/L without G-CSF support after ASCT. There was no
difference between the arms in hospitalization days during ASCT
(Table 3). No early deaths owing to infections or any other causes
were observed in transplanted patients with at least short-term
follow-up. There were fewer patients with neutropenic fever
during ASCT in the G-CSF arm. There was no difference in the
need for supportive care during ASCT according to the
mobilization arms.

DISCUSSION
ASCT remains the standard up-front treatment for MM patients at
least until the results of two large randomized prospective
multicenter trials comparing ASCT with novel agents and early

Table 2. Mobilization and harvesting results

Arm A (CY+G-CSF), N= 34 Arm B (G-CSF), N=35 P

Blood CD34+ cells × 106/L at first apheresis, median (range) 43 (12− 258) 39 (12− 149) 0.719
CD34+ cell yield × 106/kg with first apheresis, median range 4.0 (0.8− 12.4) 2.7 (0.5− 12.4) 0.023
Peak blood CD34+ cells × 106/L, median (range) 67 (14− 258) 44 (18− 149) 0.106
Plerixafor use, N (%) 2 (6) 5 (14) 0.428
Primary end point yield ⩾ 3× 106/kg with 1− 2 harvests, N (%) 32/34 (94) 27/35 (77) 0.084
Primary end point yield ⩾ 6× 106/kg for double graft with 1− 2 harvests, N (%) 13/21 (62) 9/18 (50) 0.662

Median no. of aphereses
⩾ 3× 106/kg, median (range) 1 (1− 3) 2 (1− 3) 0.035
⩾ 6× 106/kg, median (range) 2 (1− 3) 3 (1− 4) 0.241

Total yield harvested × 106/kg, median (range) 6.7 (2.2− 12.4) 5.3 (2.4− 12.4) 0.012

Abbreviation: CY= cyclophosphamide.
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for 21/34 (62%) and 18/35 (51%) of patients in arms A and B,
respectively (P= 0.469). The proportion of patients able
to achieve this goal with 1− 2 aphereses was 62% in arm A and
50% in arm B (P= 0.662). All patients in both arms reached
the secondary end point, a yield of ⩾ 2× 106/kg CD34+ cells
(minimum collection target) with ⩽ 3 aphereses. The total number
of CD34+ cells collected was higher after CY 2 g/m2+G-CSF
than after G-CSF alone, with medians of 6.7 (2.2− 12.4)× 106/kg
and 5.3 (2.4− 12.4)× 106/kg, respectively (P= 0.012). Plerixafor
was needed for 2 (6%) patients in arm A and for 5 (14%) patients
in arm B (P= 0.428).
There was a statistically significant difference between the arms

regarding the yield of the first apheresis after CY+G-CSF (median
4.0 (0.8− 12.4)× 106/kg) and after G-CSF (2.7 (0.5− 12.4)× 106/kg)
(P= 0.023; Table 2). The median CD34+ cell yields in both arms per
apheresis are shown in Figure 2. There was no difference between
total blood volume processed between study arms (P= 0.841).
There was no statistically significant difference with respect to the
yield ⩾ 4× 106/kg (target for a single transplant suggested by
International Myeloma Working Group19) with one apheresis;
17/34 (50%) achieved it in arm A compared with 10/35 (29%) in
arm B, P= 0.057. Days of hospitalization as well as toxicity during
mobilization and apheresis are shown in Table 3.

Transplantation and engraftment
There was a statistical difference between the arms regarding the
number of CD34+ cells infused after high-dose melphalan 4.3

(2.2− 7.3)× 106/kg and 3.2 (2.3− 6.2)× 106/kg in arms A and B,
respectively (P= 0.010). The engraftment kinetics were, however,
similar regarding the recovery of neutrophil counts 40.5× 109/L
(days +14 (9− 28) and +14 (11− 27), P= 0.879) and platelet counts
420× 109/L without platelet infusions (days +12 (8− 30) and 11
(8− 30), P= 0.672) and blood counts on day +15 (except the
lymphocyte count difference, 0.5× 109/L (0.1− 2.8) and 0.7× 109/L
(0.2− 2.6), P= 0.019) in arms A and B, respectively. Use of G-CSF
after graft infusion was equal in both arms (43% and 40% in arms
A and B, respectively, P= 1.000). The median recovery of
neutrophils appeared on day +12 (11− 19) in patients with
CD34+ cells infused o3× 109/L who had G-CSF support by the
protocol and on day +14 (9− 28) in patients with CD34+ cell count
⩾ 3× 109/L without G-CSF support after ASCT. There was no
difference between the arms in hospitalization days during ASCT
(Table 3). No early deaths owing to infections or any other causes
were observed in transplanted patients with at least short-term
follow-up. There were fewer patients with neutropenic fever
during ASCT in the G-CSF arm. There was no difference in the
need for supportive care during ASCT according to the
mobilization arms.

DISCUSSION
ASCT remains the standard up-front treatment for MM patients at
least until the results of two large randomized prospective
multicenter trials comparing ASCT with novel agents and early

Table 2. Mobilization and harvesting results

Arm A (CY+G-CSF), N= 34 Arm B (G-CSF), N=35 P

Blood CD34+ cells × 106/L at first apheresis, median (range) 43 (12− 258) 39 (12− 149) 0.719
CD34+ cell yield × 106/kg with first apheresis, median range 4.0 (0.8− 12.4) 2.7 (0.5− 12.4) 0.023
Peak blood CD34+ cells × 106/L, median (range) 67 (14− 258) 44 (18− 149) 0.106
Plerixafor use, N (%) 2 (6) 5 (14) 0.428
Primary end point yield ⩾ 3× 106/kg with 1− 2 harvests, N (%) 32/34 (94) 27/35 (77) 0.084
Primary end point yield ⩾ 6× 106/kg for double graft with 1− 2 harvests, N (%) 13/21 (62) 9/18 (50) 0.662

Median no. of aphereses
⩾ 3× 106/kg, median (range) 1 (1− 3) 2 (1− 3) 0.035
⩾ 6× 106/kg, median (range) 2 (1− 3) 3 (1− 4) 0.241

Total yield harvested × 106/kg, median (range) 6.7 (2.2− 12.4) 5.3 (2.4− 12.4) 0.012

Abbreviation: CY= cyclophosphamide.
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Figure 2. Median and range of CD34+ stem cell yields of apheresis
on days 1− 3.
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vs delayed ASCT have been published.25–26 On the other hand,
debate continues regarding a double graft option for MM patients
aged o65− 70 years. After VAD induction, very few patients
failed to mobilize an adequate number of CD34+ cells for double
transplantation.27 In the era of novel agents, some concern has
been raised regarding the adequacy of the stem cell yields after
lenalidomide-based induction. Our randomized study showed that
although CY-based mobilization was more effective G-CSF alone
was successful in a great majority of patients to reach the defined
collection target after a short course of lenalidomide-based
induction.
The mechanisms behind the mobilization problems after

lenalidomide have been investigated by the groups of Koh
et al.28 and Pal et al.,29 who found a maturation arrest of
neutrophils causing the upregulation of intrinsic G-CSF. Based on
that, patients could develop tachyphylaxis for the use of G-CSF
and finally end in failure in the harvest phase. Lenalidomide seems
to induce localization of C-X-C chemokine receptor 4 (CXCR4) in
the cell surface and increase the binding of CXCR4 to stromal-
derived factor-1α, which blocks the mobilization of CD34+ cells
and could be overcome using plerixafor.30 In contrast to
lenalidomide, bortezomib has been demonstrated to have some
enhancing effects with CY+filgrastim mobilization,31–32 and a pilot
study on filgrastim plus bortezomib mobilization has been
registered.33 In our previous study34 of bortezomib-based (VD)
induction followed by low-dose CY 2 g/m2+G-CSF mobilization,
the yields were about 30% higher (9.9× 106/kg (2.9− 14.6) with a
median of two aphereses) than in this study, suggesting some
detrimental effects even of a short course of lenalidomide in terms
of CD34+ cell mobilization.
In the present study, the median CD34+ cell yields after CY+G-

CSF mobilization were comparable with those in other studies
using RVD as induction.14–15 There are no data for comparison
with regard to RVD induction followed by mobilization with G-CSF
alone. The highest blood CD34+ cell counts in our CY+G-CSF arm
were slightly lower than those seen after VAD induction followed
by CY+G-CSF mobilization, even if the response to induction is
better with the novel induction treatments.6 The lower blood
CD34+ cell counts after lenalidomide exposure can usually be
successfully compensated by the use of plerixafor.18

In our randomized mobilization study, we observed that the
percentage of patients reaching the primary end point was similar
after CY+G-CSF compared with G-CSF alone mobilization regimen,
and all patients achieved the minimum collection target at first
attempt. Because in our study the accepted goal for one graft
was ⩾ 3× 106/kg instead of the usual recommendation of
⩾ 4× 106/kg,19,21 we analyzed whether there would have been a
difference in toxicity during ASCT between the patient groups
having received CD34+ cells o4 or ⩾ 4× 106/kg after MEL200.
There was no statistically significant difference in terms of

neutropenic fever, number of red cell or platelet transfusions,
neutrophil or platelet engraftment or hospitalization during ASCT.
In the CY arm, CD34+ cell yields were higher after the first and the
second harvests even if blood CD34+ levels were higher only
before second harvest. On the other hand, patients in CY+G-CSF
arm had three extra hospital days compared with G-CSF alone arm
based on long distances to the hospitals in Finland.
In conclusion, low-dose CY+G-CSF is more effective than G-CSF

alone in autologous stem cell mobilization in MM patients in terms
of the number of aphereses needed and graft CD34+ content.
However, G-CSF alone mobilization could be an alternative after
induction with three cycles of RVD to harvest even for a double
transplant program. Plerixafor was needed for 6% of the patients
after CY+G-CSF and for 14% of patients in the G-CSF arm. In all of
these patients, the graft could be successfully collected without
need for a second mobilization attempt. Based on these results
with limited number of patients, CY 2 g/m2 might be omitted in
mobilization in MM patients, at least after three-cycle RVD
induction. However, if the goal were ⩾ 4× 106/kg19,21 for one
graft and the number of grafts to be collected were two for a
younger myeloma patient the best regimen at this moment may
still be CY+G-CSF+/− plerixafor up-front.
Our next step will be a comparison of the graft cellular

compositions and immune reconstitution after high-dose therapy
between these mobilization arms as well as costs associated with
the mobilization and collection phases between the arms. These
aspects will be of importance with regard to optimizing
mobilization strategies in myeloma patients scheduled for ASCT.
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Table 3. Hospitalization, toxicity and need for supportive care during mobilization and ASCT in myeloma patients according to the mobilization arm

Arm A (CY+G-CSF), N=34 Arm B (G-CSF), N= 35 P

Days in hospital during mobilization, median (range) 3 (1− 5) 0 (0− 2) o0.001
Days in hospital during apheresis, median (range) 3 (1− 11) 3 (1− 5) 0.228
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IV antibiotics during mobilization, days median (range) 0 (0− 9) 0 (0− 12) 0.800
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Days in hospital during ASCT, median (range) 21 (14− 72), N= 31 19 (14− 29), N= 27 0.577

Abbreviations: ASCT= autologous stem cell transplantation; CY= cyclophosphamide.
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vs delayed ASCT have been published.25–26 On the other hand,
debate continues regarding a double graft option for MM patients
aged o65− 70 years. After VAD induction, very few patients
failed to mobilize an adequate number of CD34+ cells for double
transplantation.27 In the era of novel agents, some concern has
been raised regarding the adequacy of the stem cell yields after
lenalidomide-based induction. Our randomized study showed that
although CY-based mobilization was more effective G-CSF alone
was successful in a great majority of patients to reach the defined
collection target after a short course of lenalidomide-based
induction.
The mechanisms behind the mobilization problems after

lenalidomide have been investigated by the groups of Koh
et al.28 and Pal et al.,29 who found a maturation arrest of
neutrophils causing the upregulation of intrinsic G-CSF. Based on
that, patients could develop tachyphylaxis for the use of G-CSF
and finally end in failure in the harvest phase. Lenalidomide seems
to induce localization of C-X-C chemokine receptor 4 (CXCR4) in
the cell surface and increase the binding of CXCR4 to stromal-
derived factor-1α, which blocks the mobilization of CD34+ cells
and could be overcome using plerixafor.30 In contrast to
lenalidomide, bortezomib has been demonstrated to have some
enhancing effects with CY+filgrastim mobilization,31–32 and a pilot
study on filgrastim plus bortezomib mobilization has been
registered.33 In our previous study34 of bortezomib-based (VD)
induction followed by low-dose CY 2 g/m2+G-CSF mobilization,
the yields were about 30% higher (9.9× 106/kg (2.9− 14.6) with a
median of two aphereses) than in this study, suggesting some
detrimental effects even of a short course of lenalidomide in terms
of CD34+ cell mobilization.
In the present study, the median CD34+ cell yields after CY+G-

CSF mobilization were comparable with those in other studies
using RVD as induction.14–15 There are no data for comparison
with regard to RVD induction followed by mobilization with G-CSF
alone. The highest blood CD34+ cell counts in our CY+G-CSF arm
were slightly lower than those seen after VAD induction followed
by CY+G-CSF mobilization, even if the response to induction is
better with the novel induction treatments.6 The lower blood
CD34+ cell counts after lenalidomide exposure can usually be
successfully compensated by the use of plerixafor.18

In our randomized mobilization study, we observed that the
percentage of patients reaching the primary end point was similar
after CY+G-CSF compared with G-CSF alone mobilization regimen,
and all patients achieved the minimum collection target at first
attempt. Because in our study the accepted goal for one graft
was ⩾ 3× 106/kg instead of the usual recommendation of
⩾ 4× 106/kg,19,21 we analyzed whether there would have been a
difference in toxicity during ASCT between the patient groups
having received CD34+ cells o4 or ⩾ 4× 106/kg after MEL200.
There was no statistically significant difference in terms of

neutropenic fever, number of red cell or platelet transfusions,
neutrophil or platelet engraftment or hospitalization during ASCT.
In the CY arm, CD34+ cell yields were higher after the first and the
second harvests even if blood CD34+ levels were higher only
before second harvest. On the other hand, patients in CY+G-CSF
arm had three extra hospital days compared with G-CSF alone arm
based on long distances to the hospitals in Finland.
In conclusion, low-dose CY+G-CSF is more effective than G-CSF

alone in autologous stem cell mobilization in MM patients in terms
of the number of aphereses needed and graft CD34+ content.
However, G-CSF alone mobilization could be an alternative after
induction with three cycles of RVD to harvest even for a double
transplant program. Plerixafor was needed for 6% of the patients
after CY+G-CSF and for 14% of patients in the G-CSF arm. In all of
these patients, the graft could be successfully collected without
need for a second mobilization attempt. Based on these results
with limited number of patients, CY 2 g/m2 might be omitted in
mobilization in MM patients, at least after three-cycle RVD
induction. However, if the goal were ⩾ 4× 106/kg19,21 for one
graft and the number of grafts to be collected were two for a
younger myeloma patient the best regimen at this moment may
still be CY+G-CSF+/− plerixafor up-front.
Our next step will be a comparison of the graft cellular

compositions and immune reconstitution after high-dose therapy
between these mobilization arms as well as costs associated with
the mobilization and collection phases between the arms. These
aspects will be of importance with regard to optimizing
mobilization strategies in myeloma patients scheduled for ASCT.
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for 21/34 (62%) and 18/35 (51%) of patients in arms A and B,
respectively (P= 0.469). The proportion of patients able
to achieve this goal with 1− 2 aphereses was 62% in arm A and
50% in arm B (P= 0.662). All patients in both arms reached
the secondary end point, a yield of ⩾ 2× 106/kg CD34+ cells
(minimum collection target) with ⩽ 3 aphereses. The total number
of CD34+ cells collected was higher after CY 2 g/m2+G-CSF
than after G-CSF alone, with medians of 6.7 (2.2− 12.4)× 106/kg
and 5.3 (2.4− 12.4)× 106/kg, respectively (P= 0.012). Plerixafor
was needed for 2 (6%) patients in arm A and for 5 (14%) patients
in arm B (P= 0.428).
There was a statistically significant difference between the arms

regarding the yield of the first apheresis after CY+G-CSF (median
4.0 (0.8− 12.4)× 106/kg) and after G-CSF (2.7 (0.5− 12.4)× 106/kg)
(P= 0.023; Table 2). The median CD34+ cell yields in both arms per
apheresis are shown in Figure 2. There was no difference between
total blood volume processed between study arms (P= 0.841).
There was no statistically significant difference with respect to the
yield ⩾ 4× 106/kg (target for a single transplant suggested by
International Myeloma Working Group19) with one apheresis;
17/34 (50%) achieved it in arm A compared with 10/35 (29%) in
arm B, P= 0.057. Days of hospitalization as well as toxicity during
mobilization and apheresis are shown in Table 3.

Transplantation and engraftment
There was a statistical difference between the arms regarding the
number of CD34+ cells infused after high-dose melphalan 4.3

(2.2− 7.3)× 106/kg and 3.2 (2.3− 6.2)× 106/kg in arms A and B,
respectively (P= 0.010). The engraftment kinetics were, however,
similar regarding the recovery of neutrophil counts 40.5× 109/L
(days +14 (9− 28) and +14 (11− 27), P= 0.879) and platelet counts
420× 109/L without platelet infusions (days +12 (8− 30) and 11
(8− 30), P= 0.672) and blood counts on day +15 (except the
lymphocyte count difference, 0.5× 109/L (0.1− 2.8) and 0.7× 109/L
(0.2− 2.6), P= 0.019) in arms A and B, respectively. Use of G-CSF
after graft infusion was equal in both arms (43% and 40% in arms
A and B, respectively, P= 1.000). The median recovery of
neutrophils appeared on day +12 (11− 19) in patients with
CD34+ cells infused o3× 109/L who had G-CSF support by the
protocol and on day +14 (9− 28) in patients with CD34+ cell count
⩾ 3× 109/L without G-CSF support after ASCT. There was no
difference between the arms in hospitalization days during ASCT
(Table 3). No early deaths owing to infections or any other causes
were observed in transplanted patients with at least short-term
follow-up. There were fewer patients with neutropenic fever
during ASCT in the G-CSF arm. There was no difference in the
need for supportive care during ASCT according to the
mobilization arms.

DISCUSSION
ASCT remains the standard up-front treatment for MM patients at
least until the results of two large randomized prospective
multicenter trials comparing ASCT with novel agents and early

Table 2. Mobilization and harvesting results

Arm A (CY+G-CSF), N= 34 Arm B (G-CSF), N=35 P

Blood CD34+ cells × 106/L at first apheresis, median (range) 43 (12− 258) 39 (12− 149) 0.719
CD34+ cell yield × 106/kg with first apheresis, median range 4.0 (0.8− 12.4) 2.7 (0.5− 12.4) 0.023
Peak blood CD34+ cells × 106/L, median (range) 67 (14− 258) 44 (18− 149) 0.106
Plerixafor use, N (%) 2 (6) 5 (14) 0.428
Primary end point yield ⩾ 3× 106/kg with 1− 2 harvests, N (%) 32/34 (94) 27/35 (77) 0.084
Primary end point yield ⩾ 6× 106/kg for double graft with 1− 2 harvests, N (%) 13/21 (62) 9/18 (50) 0.662

Median no. of aphereses
⩾ 3× 106/kg, median (range) 1 (1− 3) 2 (1− 3) 0.035
⩾ 6× 106/kg, median (range) 2 (1− 3) 3 (1− 4) 0.241

Total yield harvested × 106/kg, median (range) 6.7 (2.2− 12.4) 5.3 (2.4− 12.4) 0.012

Abbreviation: CY= cyclophosphamide.
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Stem Cell Transplantation

Introduction

High-dose chemotherapy followed by autologous
hematopoietic stem cell transplantation of peripheral blood
stem cells remains a standard of care for patients with
relapsed or treatment-refractory high-grade non-Hodgkin’s
lymphoma (NHL), Hodgkin’s disease (HD), or multiple
myeloma (MM) with a large tumor mass.1-4 The correlation
between successful engraftment and the number of CD34+

cells infused has been well established, making it important
to optimize the number of peripheral blood stem cells collect-
ed during apheresis.5 The target number of CD34+ cells uti-

lized for a single autologous hematopoietic stem cell trans-
plant may vary between sites, but it has been suggested to be
≥5×106 CD34+ cells/kg recipient body weight with 2×106

CD34+ cells/kg being the minimum number required to guar-
antee successful engraftment.6,7 The number of circulating
hematopoietic stem cells increases during the recovery phase
of chemotherapy-induced myelosuppression, as well as after
the administration of various cytokines and hematopoietic
growth factors including granulocyte colony-stimulating fac-
tor (G-CSF).2,8,9 Over the last two decades, clinical practices
have taken advantage of these observations. However,
increasing awareness of mobilization failure with G-CSF
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In Europe, the combination of plerixafor + granulocyte colony-stimulating factor is approved for the mobilization
of hematopoietic stem cells for autologous transplantation in patients with lymphoma and myeloma whose cells
mobilize poorly. The purpose of this study was to further assess the safety and efficacy of plerixafor + granulocyte
colony-stimulating factor for front-line mobilization in European patients with lymphoma or myeloma. In this
multicenter, open label, single-arm study, patients received granulocyte colony-stimulating factor (10 µg/kg/day)
subcutaneously for 4 days; on the evening of day 4 they were given plerixafor (0.24 mg/kg) subcutaneously.
Patients underwent apheresis on day 5 after a morning dose of granulocyte colony-stimulating factor. The primary
study objective was to confirm the safety of mobilization with plerixafor. Secondary objectives included assess-
ment of efficacy (apheresis yield, time to engraftment). The combination of plerixafor + granulocyte colony-stim-
ulating factor was used to mobilize hematopoietic stem cells in 118 patients (90 with myeloma, 25 with non-
Hodgkin’s lymphoma, 3 with Hodgkin’s disease). Treatment-emergent plerixafor-related adverse events were
reported in 24 patients. Most adverse events occurred within 1 hour after injection, were grade 1 or 2 in severity
and included gastrointestinal disorders or injection-site reactions. The minimum cell yield (≥2×106 CD34+ cells/kg)
was harvested in 98% of patients with myeloma and in 80% of those with non-Hodgkin’s lymphoma in a median
of one apheresis. The optimum cell dose (≥5×106 CD34+ cells/kg for non-Hodgkin’s lymphoma or ≥6×106 CD34+

cells/kg for myeloma) was harvested in 89% of myeloma patients and 48% of non-Hodgkin’s lymphoma patients.
In this prospective, multicenter European study, mobilization with plerixafor + granulocyte colony-stimulating fac-
tor allowed the majority of patients with myeloma or non-Hodgkin’s lymphoma to undergo transplantation with
minimal toxicity, providing further data supporting the safety and efficacy of plerixafor + granulocyte colony-stim-
ulating factor for front-line mobilization of hematopoietic stem cells in patients with non-Hodgkin’s lymphoma or
myeloma. (clinicalTrials.gov identifier: NCT00838357).
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mobilize poorly. The purpose of this study was to further assess the safety and efficacy of plerixafor + granulocyte
colony-stimulating factor for front-line mobilization in European patients with lymphoma or myeloma. In this
multicenter, open label, single-arm study, patients received granulocyte colony-stimulating factor (10 µg/kg/day)
subcutaneously for 4 days; on the evening of day 4 they were given plerixafor (0.24 mg/kg) subcutaneously.
Patients underwent apheresis on day 5 after a morning dose of granulocyte colony-stimulating factor. The primary
study objective was to confirm the safety of mobilization with plerixafor. Secondary objectives included assess-
ment of efficacy (apheresis yield, time to engraftment). The combination of plerixafor + granulocyte colony-stim-
ulating factor was used to mobilize hematopoietic stem cells in 118 patients (90 with myeloma, 25 with non-
Hodgkin’s lymphoma, 3 with Hodgkin’s disease). Treatment-emergent plerixafor-related adverse events were
reported in 24 patients. Most adverse events occurred within 1 hour after injection, were grade 1 or 2 in severity
and included gastrointestinal disorders or injection-site reactions. The minimum cell yield (≥2×106 CD34+ cells/kg)
was harvested in 98% of patients with myeloma and in 80% of those with non-Hodgkin’s lymphoma in a median
of one apheresis. The optimum cell dose (≥5×106 CD34+ cells/kg for non-Hodgkin’s lymphoma or ≥6×106 CD34+

cells/kg for myeloma) was harvested in 89% of myeloma patients and 48% of non-Hodgkin’s lymphoma patients.
In this prospective, multicenter European study, mobilization with plerixafor + granulocyte colony-stimulating fac-
tor allowed the majority of patients with myeloma or non-Hodgkin’s lymphoma to undergo transplantation with
minimal toxicity, providing further data supporting the safety and efficacy of plerixafor + granulocyte colony-stim-
ulating factor for front-line mobilization of hematopoietic stem cells in patients with non-Hodgkin’s lymphoma or
myeloma. (clinicalTrials.gov identifier: NCT00838357).
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Plerixafor+G-­‐CSF	
  upfront:	
  
updated	
  results..	
  

Minimum	
  

OpFmal	
  



PLERIXAFOR	
  ON	
  DEMAND	
  OR	
  	
  
PRE-­‐EMPTIVE	
  ADMINISTRATION?	
  

The	
  current	
  pracPce	
  requires	
  simple	
  and	
  
standardized	
  approaches;	
  most	
  

proposed	
  algorithms	
  for	
  Plerixafor	
  on	
  
demand	
  are	
  difficult	
  to	
  apply!	
  	
  



Pre-­‐empFve	
  Plerixafor	
  

•  Pre–empPve	
  use	
  of	
  P	
  may	
  have	
  advantages	
  in	
  
terms	
  of	
  avoidance	
  of	
  cancelled	
  apheresis	
  
and/or	
  transplant	
  slots,	
  and	
  also	
  in	
  terms	
  of	
  
avoiding	
  the	
  negaPve	
  quality–of–life	
  impact	
  of	
  
failed	
  PBSC	
  mobilisaPon	
  	
  

•  Pre–empPve	
  use	
  of	
  P	
  does	
  not	
  requires	
  
complicated	
  agorythms	
  
	
  



General	
  rules	
  for	
  pre-­‐empFve	
  P	
  
•  Pre–empPve	
  use	
  may	
  be	
  triggered	
  by:	
  
•  CD34+	
  <15/μl	
  at	
  the	
  Pme	
  of	
  WBC	
  recovery	
  
following	
  chemomobilisaPon	
  

•  CD34+	
  <15	
  to	
  20/μl-­‐1	
  amer	
  4	
  days	
  of	
  G–CSF	
  
without	
  prior	
  mobilising	
  chemotherapy	
  

•  1st	
  day’s	
  apheresis	
  yield<1	
  ×10e6	
  CD34+	
  cells/kg	
  
•  or	
  <50%	
  the	
  target	
  total	
  CD34+	
  cell	
  dose	
  
	
  



There	
  is	
  a	
  minimum	
  CD34+	
  count	
  threshold	
  
below	
  which	
  Plerixafor	
  should	
  not	
  be	
  arempted,	
  

because	
  it	
  is	
  unlikely	
  to	
  be	
  effecFve?	
  	
  
•  In	
  case	
  series	
  from	
  Poland	
  and	
  CroaPa,	
  pre–
empPve	
  P	
  was	
  found	
  equally	
  effecPve	
  for	
  
paPents	
  with	
  CD34+	
  <3/μl	
  as	
  for	
  paPents	
  with	
  
higher	
  CD34+	
  count.	
  

•  Similar	
  results	
  in	
  a	
  large	
  series	
  from	
  
Barcelona,	
  where	
  P	
  was	
  sPll	
  effecPve	
  with	
  
CD34+	
  count	
  <	
  3.5/μl	
  

•  However,	
  this	
  has	
  not	
  always	
  been	
  the	
  UK	
  and	
  
Italian	
  experience	
  	
  



CONCLUSIONS	
  

•  Although	
  paPents	
  with	
  peripheral	
  CD34+	
  
counts	
  below	
  5	
  μl-­‐1	
  do	
  appear	
  to	
  be	
  at	
  higher	
  
risk	
  of	
  mobilisaPon	
  failure	
  despite	
  pre–
empPve	
  plerixafor,	
  there	
  is	
  no	
  absolute	
  
minimum	
  peripheral	
  CD34+	
  count	
  threshold	
  
below	
  which	
  pre–	
  empPve	
  plerixafor	
  may	
  not	
  
be	
  used.	
  	
  



Algorithms	
  for	
  Plerixafor	
  
on	
  demand:	
  	
  

3	
  basic	
  approaches	
  	
  
•  CD34-­‐PB	
  kinePcs-­‐based:	
  the	
  decision	
  to	
  administer	
  Plerixafor	
  

is	
  based	
  on	
  kinePcs	
  data	
  of	
  CD34+	
  count	
  in	
  PB	
  amer	
  G-­‐CSF	
  or	
  
G-­‐CSF/chemo-­‐based	
  mobilizaPon*	
  

•  CD34-­‐PB	
  kinePcs	
  and	
  risk	
  factors-­‐based:	
  EBMT	
  algorithm	
  
(Jantunen,	
  Lemoli);	
  (Rossi)	
  

•  CD34+	
  kinePcs	
  and	
  WBC	
  count	
  	
  or	
  CD34+/WBC	
  raPo	
  (Farina,	
  
Sorasio,	
  Milone)	
  

	
  
•  *	
  The	
  results	
  of	
  1st	
  LK	
  harvest	
  <1x10e6	
  CD34+/kg	
  is	
  a	
  

supplementary	
  criterion	
  for	
  Plerixafor	
  	
  addi9on	
  



Algorithms	
  for	
  P	
  use:	
  	
  	
  
was	
  it	
  worth?	
  

•  A	
  plethora	
  of	
  algorithm	
  have	
  been	
  proposed	
  to	
  guide	
  
Plerixafor	
  administraPon	
  and	
  apheresis	
  iniPaPon,	
  but	
  none	
  
has	
  succeeded	
  for	
  a	
  widespread	
  use.	
  	
  

•  Such	
  algorithms	
  have	
  omen	
  been	
  studied	
  in	
  the	
  context	
  of	
  
monocentric	
  experiences	
  or	
  have	
  been	
  applied	
  selecPvely	
  to	
  a	
  
single	
  disease	
  or	
  a	
  schedule	
  of	
  mobilizaPon,	
  hindering	
  a	
  wider	
  
applicaPon	
  of	
  the	
  results.	
  	
  

the	
  decision	
  to	
  administer	
  Plerixafor	
  should	
  be	
  based	
  
on	
  a	
  comprehensive	
  evaluaOon	
  including	
  not	
  only	
  CD	
  
34+/WBC	
  kineOcs,	
  but	
  also	
  on	
  the	
  clinical	
  history	
  and	
  

the	
  baseline	
  blood	
  count	
  of	
  the	
  paOents	
  



The	
  New	
  GITMO	
  study*	
  to	
  validate	
  the	
  definiFons	
  	
  
of	
  the	
  PM	
  in	
  	
  MM	
  and	
  Lymph	
  pts	
  	
  

•  aim	
  of	
  the	
  study:	
  validate	
  the	
  predicPve	
  ability	
  
of	
  GITMO	
  criteria	
  for	
  pPM,	
  by	
  measuring	
  their	
  
diagnosPc	
  accuracy	
  for	
  the	
  outcome	
  of	
  PPM;	
  

•  to	
  improve	
  their	
  predicPve	
  ability	
  by	
  building	
  a	
  
model,	
  to	
  establish	
  a	
  clinical	
  tool	
  to	
  idenPfy	
  
paPents	
  at	
  high	
  risk	
  for	
  mobilizaPon	
  failure	
  
before	
  starPng	
  the	
  mobilizaPon	
  axempt.	
  	
  

*17	
  italian	
  GITMO	
  centers	
  for	
  1318	
  consecu9ve	
  
Mobiliza9on	
  procedures	
  



HISTORY	
  –	
  PREVIOUS	
  TREATMENTS	
  

PREVIOUS	
  MOBILIZATION	
  FAILURE	
   94	
  (7.1%)	
  

PREVIOUS	
  CHT	
  LINES	
  

1	
  LINE:	
  790	
  (60%)	
  
2	
  LINES:	
  413	
  (31%)	
  
3	
  LINES:	
  93	
  (7%)	
  
≥	
  4	
  LINES:	
  22	
  (2%)	
  

TREATMENTS	
  AT	
  RISK	
  
153	
  (11.6%)	
  

12	
  Fludarabine,	
  121	
  Lenalidomide,	
  1	
  RIC,	
  
27	
  Melphalan,	
  9	
  BCNU	
  

RADIOTHERAPY	
   122	
  LIMITED	
  (9%)	
  
32	
  EXTENSIVE	
  (2%)	
  

GENERAL	
  CHARACTERISTICS	
  

SEX	
   753	
  M	
  /	
  565	
  F	
  

AGE	
   Median	
  55.6	
  yrs	
  (range	
  5	
  -­‐	
  76)	
  

DISEASE	
   600	
  (46%)	
  MM	
  
554	
  (42%)	
  NHL	
  
164	
  (12%)	
  HL	
  

A	
  GITMO	
  retrospecFve	
  study	
  to	
  validate	
  the	
  definiFons	
  of	
  the	
  PM	
  
(mobilizaFon	
  outcomes	
  in	
  1318	
  consecuFve	
  MM	
  and	
  Lymph	
  pts)	
  	
  



STATUS	
  PRE-­‐MOBILIZATION	
  

DISEASE	
  STATUS	
  BEFORE	
  
MOBILIZATION	
  

1066	
  REMISSION	
  (81%)	
  
242	
  REFRACTORY	
  (18%)	
  
10	
  UNKNOWN	
  (1%)	
  

BONE	
  MARROW	
  STATUS	
  
BEFORE	
  MOBILIZATION	
  

	
  263	
  INVOLVED	
  <30%	
  (20%)	
  
35	
  INVOLVED	
  >30%	
  (3%)	
  

199	
  NOT	
  DONE	
  /	
  UNKNOWN	
  (15%)	
  

HEMOGLOBIN	
  BEFORE	
  
MOBILIZATION	
   Median	
  11.8	
  g/dl	
  (range	
  7.2	
  -­‐	
  18)	
  

LEUKOCYTE	
  COUNT	
  BEFORE	
  
MOBILIZATION	
   Median	
  5.2	
  x	
  109/L	
  (range	
  0	
  –	
  426)	
  

NEUTROPHIL	
  COUNT	
  BEFORE	
  
MOBILIZATION	
   Median	
  3.2	
  x	
  109/L	
  (range	
  0	
  –	
  282)	
  

PLATELET	
  COUNT	
  BEFORE	
  
MOBILIZATION	
   Median	
  223	
  x	
  109/L	
  (range	
  6	
  –	
  1167)	
  

Main	
  characterisFcs	
  of	
  the	
  1318	
  pts	
  



OUTCOME	
  -­‐	
  COLLECTION	
  

TOTAL	
  HARVEST	
  (CD34	
  x	
  106/kg)	
  
<2	
  x	
  106/kg	
  
2	
  -­‐	
  5	
  x	
  106/kg	
  
>5	
  x	
  106/kg	
  

Median	
  8.9	
  x	
  106/kg	
  (range	
  0	
  –	
  63.5)	
  
144	
  (10.9%)	
  
204	
  (15.5%)	
  
970	
  (73.6%)	
  

MOBILIZATION	
  FAILURE	
  
(PROVEN	
  PM	
  	
  

according	
  to	
  GITMO	
  criteria	
  )	
  

180	
  pts	
  (13.7%)	
  
27	
  /	
  254	
  MM	
  (10.6%)	
  
19	
  /	
  258	
  NHL	
  (7.4%)	
  
2	
  /	
  85	
  HL	
  (2.4%)	
  

DETERMINANTS	
  	
  OF	
  
MOBILIZATION	
  FAILURE	
  

163	
  /	
  180	
  due	
  to	
  LOW	
  CD34	
  PEAK	
  COUNT	
  (91%)	
  
144	
  /	
  180	
  due	
  to	
  INSUFFICIENT	
  HARVEST	
  (80%)	
  

127	
  /	
  180	
  due	
  to	
  BOTH	
  CRITERIA	
  (71%)	
  

APHERESES	
  
CD34	
  PEAK	
  COUNT	
  

Median	
  1	
  aph.	
  (range	
  1	
  –	
  6)	
  
Median	
  85	
  CD34/mcl	
  (range	
  0	
  –	
  1942)	
  

MobilizaFon	
  outcome	
  in	
  1318	
  pts	
  



Independent	
  predicFve	
  factors	
  for	
  mobilizaFon	
  failure	
  idenFfied	
  
by	
  backward	
  variable	
  selecFon	
  with	
  mulFple	
  logisFc	
  regression	
  



PredicFve	
  ability	
  according	
  to	
  the	
  
proposed	
  GITMO	
  consensus	
  criteria	
  

Major	
  criteria	
  =	
  2	
  POINTS	
  
• Failed	
  previous	
  mobilizaPon	
  axempt,	
  not	
  
otherwise	
  specified.	
  
• Previous	
  extensive	
  radiotherapy	
  to	
  marrow	
  
bearing	
  Pssue.	
  
• Full	
  courses	
  of	
  previous	
  therapy,	
  including	
  
melphalan,	
  fludarabine	
  or	
  other	
  therapies	
  
potenPally	
  affecPng	
  stem	
  cell	
  mobilizaPon.	
  

Minor	
  criteria	
  =	
  1	
  POINT	
  
• Advanced	
  phase	
  disease	
  (≥2	
  CHT	
  lines)	
  
• Refractory	
  disease	
  
• Extensive	
  BM	
  involvement	
  at	
  mobilizaPon	
  
• BM	
  cellularity	
  <30%	
  at	
  mobilizaPon	
  
• Age	
  ≥65	
  years	
  

CUT-­‐OFF=2	
  (1	
  Major	
  or	
  2	
  Minor)	
  

AUC	
  =	
  0.673	
  
SensiPvity	
  =	
  53%	
  
Specificity	
  =	
  74%	
  
LR+	
  =	
  2.04	
  
LR-­‐	
  =	
  0.63	
  
PPV	
  =	
  24%	
  
NPV	
  =	
  91%	
  



CASE	
  1:	
  A	
  70	
  year	
  old	
  paPent	
  undergoing	
  
a	
  first	
  axempt	
  of	
  mobilizaPon	
  with	
  G-­‐CSF	
  
alone	
  (no	
  Plx)	
  for	
  MM	
  amer	
  2	
  lines	
  of	
  
therapy	
  (1°	
  Rd;	
  2°	
  VCD),	
  with	
  20%	
  plasma	
  
cells	
  in	
  the	
  marrow	
  and	
  Hb	
  13.5	
  g/dl,	
  WBC	
  
5800/mmc,	
  Plt	
  110.000/mmc	
  before	
  
mobilizaPon,	
  has	
  a	
  PM	
  score	
  of	
  6.6	
  	
  
	
  
à	
  HIGH	
  RISK	
  OF	
  MOBILIZATION	
  FAILURE	
  
	
  
	
  

ESEMPI DI UTILIZZO DEL PM SCORE 

CASE	
  2:	
  A	
  58	
  year	
  old	
  paPent	
  with	
  NHL	
  is	
  
axempPng	
  a	
  second	
  mobilizaPon	
  
procedure	
  (DHAP+G-­‐CSF+Plerixafor)	
  amer	
  
a	
  first	
  failure	
  (subopPmal	
  G-­‐CSF	
  dose);	
  he	
  
has	
  been	
  treated	
  with	
  R-­‐CHOP	
  x	
  6,	
  R-­‐
DHAP	
  x	
  2.	
  He	
  has	
  no	
  BM	
  involvement.	
  
Pre-­‐mob	
  CBC:	
  Hb	
  12.6,	
  WBC	
  4600/mmc,	
  
Plt	
  158.000.	
  The	
  PM	
  score	
  is	
  5.3.	
  	
  
	
  
à	
  NOT	
  HIGH	
  RISK	
  

VARIABILE	
   SCORE	
  

Infiltrazione	
  midollare	
  pre-­‐mobilizzazione	
  >30%	
   1	
  

Linfoma	
  Non-­‐Hodgkin	
   0.5	
  

Uso	
  di	
  G-­‐CSF	
  alone	
   2	
  

Età	
  <45	
  /	
  45	
  –	
  60	
  /	
  >60	
   0.3	
  

Hb	
  pre-­‐mobilizzazione:	
  <8	
  /	
  8	
  –	
  13	
  /	
  >13	
   1	
  

Numero	
  di	
  linee	
  di	
  CHT	
   0.5	
  

Plt	
  pre-­‐mobilizzazione	
  <	
  170.000/mmc	
   0.5	
  

Non	
  uso	
  di	
  PLX	
  upfront	
   2	
  

Precedente	
  fallimento	
  mobilizzazione	
   1.5	
  
Almeno	
  1	
  traramento	
  a	
  rischio	
  (Mel/Len/Flu/

BCNU/RIC)	
  	
   0.5	
  

LeucociF	
  pre-­‐mobilizzazione	
  <	
  5000/mmc	
   0.5	
  

x2	
  

x2	
  



PLANNING	
  

MONITORING	
  
ADAPTING	
  	
  



RISK-­‐STRATIFIED	
  APPROACH	
  

–  Low-­‐risk	
  	
  à	
  G-­‐CSF	
  alone	
  

–  Int-­‐risk	
   	
  
à	
  G-­‐CSF	
  +	
  CHT	
  

	
  
à	
  G-­‐CSF	
  +	
  PLX	
  upfront	
  

–  High-­‐risk	
  à	
  G-­‐CSF	
  ±	
  CHT	
  +	
  PLX	
  upfront	
  

PLX	
  on	
  demand	
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