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High-dose therapy in Multiple Myeloma 

1.  Attal M, et al. N Engl J Med. 1996;335:91.   
2.  Child JA, et al. N Engl J Med. 2003;348:1875.   
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classify countries as European or Non-European. Nine non-European
countries participated in the 2013 EBMT survey: Algeria, Iran, Israel, Jordan,
Lebanon, Nigeria, Saudi Arabia, South Africa and Tunisia. Their data from
26 actively transplanting teams make up 6.2% of the total data set and is
included in all analyses.

Definitions
Patient and transplant numbers. Wherever appropriate, patient numbers
corresponding to the number of patients receiving a first transplant and
transplant numbers reflecting the total number of transplants performed
are listed.
The term sibling donor includes HLA-identical siblings and twins but not

siblings with HLA mismatches. Unrelated donor transplants includes HSCT
from unrelated donors with PB and bone marrow as a stem cell source but
not cord blood HSCT, these are shown as cord blood HSCT in Figures 3–5.
Mismatched family donors are termed ‘haploidentical’ for the purpose of
this analysis but this category includes also mismatched related donors
that are mismatched to a lesser degree than a full haplotype. As the
haplotype mismatched donors are the vast majority in this category, the
term ‘haploidentical’ is used for the entire group.
Multiple transplants may include multiple transplants defined as

subsequent transplants within a planned double or triple autologous or
allogeneic transplant protocol, and retransplants (autologous or allo-
geneic) defined as unplanned HSCT for rejection or relapse after a
previous HSCT.
Information on additional cellular therapies was subdivided into: HSC for

non-hematopoietic use; non-hematopoietic stem cell therapies; MSC
therapies for rejection or GVHD prevention/treatment; and DLIs. Collection
of information was validated by cross-checking with a similar more
detailed survey carried out by TERMIS-EU (Tissue Engineering and
Regenerative Medicine International Society; www.termis.org), EULAR
(European League against Rheumatism; www.eular.org), ICRS-EU (Interna-
tional Cartilage Repair Society; www.cartilage.org) and ISCT (International
Society of Cellular Therapy; www.celltherapysociety.org).11

Transplant rates. Transplant rates, defined as the total number of HSCT
per 10 million inhabitants, were computed for each country without
adjustments for patients who crossed borders and received their HSCT in a
foreign country. Population numbers were obtained from Eurostats for the
European countries (http://epp.eurostat.ec.europa.eu/portal/page/portal/
statistics/search_database) and the US census bureau database for the

non-European countries (http://www.census.gov/population/international/
data/idb/rank.php).

Analysis. Wherever appropriate, absolute numbers of transplanted
patients, transplants or transplant rates are shown for specific countries,
indications or transplant techniques.

RESULTS
2013 data
Participating teams in 2013. Of the 658 teams, 406 (62%)
performed both allogeneic and autologous transplants; 225
(34%) restricted their activity to autologous HSCT only, and 17
teams (3%) to allogeneic transplants only. Ten teams (1%)
reported having performed no transplants in 2013 owing to
renovation or temporary closure of the transplant unit. Of the 648
active centers, 120 (19%) centers performed transplants on both
adult and pediatric patients. An additional 105 (16%) centers were
dedicated pediatric transplant centers, and 423 (65%) centers
performed transplants on adults only.

Numbers of patients and transplants. A total of 34 809 patients
received their first transplant in 2013. Of these, 14 950 (43%) were
allogeneic and 19 859 (57%) autologous. When compared with
2012, the total number of patients transplanted increased by 3.4%
(5.5% allogeneic HSCT and 1.8% autologous HSCT).10 Furthermore,
there were 2710 retransplants (1162 allogeneic and 1548
autologous) and 1690 multiple transplants (99 allogeneic and
1591 autologous), bringing the total to 39 209 HSCT procedures,
16 211 allogeneic (41%) and 22 998 autologous (59%) performed
in 2013, which is an increase of 26% compared with 5 years and
88% compared with 15 years previously.
Indications for HSCT in 2013 are listed in detail in Table 1. The

main indications were leukemias; 11 190 (32% of total; 96% of
which were allogeneic); lymphoid neoplasias including Non-
Hodgkin lymphoma, Hodgkin lymphoma and plasma cell dis-
orders, 19 958 (57%; 11% allogeneic); solid tumors, 1543 (4%; 4%
allogeneic); and nonmalignant disorders, 1975 (6%; 91%
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Figure 1. Relative proportions of indications for an HSCT in Europe in 2013. (a) Proportions of disease indications for an allogeneic HSCT in
Europe in 2013. (b) Proportions of disease indications for an autologous HSCT in Europe in 2013.
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Numero Trapianti per principali patologie

Attività 2013
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(n=1507)
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(n=224)LLC

(n=4)



Autologous SCT in Multiple Myeloma 

•  For Multiple Myeloma  patients under the age of 65 
treatment strategies include a maximum of 2 or 3 
auto SCTs for upfront as well as for relapse treatment 

•  A major goal is therefore:  

To mobilize sufficient stem cells to achieve prompt 
and durable hematopoietic reconstitution after high 

dose chemotherapy 



Impact of CD34+ cell yield in Multiple Myeloma 

Clear correlation between CD34+ cell dose and engraftment 
especially platelet engraftment 1-6  

•  Most studies showed optimal dose ≥ 5 x 106 CD34+cells/kg 

•  Most transplant centres recommended at least 2 x 106 
CD34+ cells/kg 

•  IMWG (International Myeloma Working Group) 
recommended: at least 4 x 106 CD34+ cells/kg for 
transplantation and 8–10 x 106 CD34+ cells/kg for tandem 
transplantation 7 

1. Tricot et al. Blood. 1995 Jan 15;85(2):588-96. 2. Weaver CH et al. Blood. 1995 Nov 15;86(10):3961-9.  
3. Ketterer N et al. Blood. 1998 May 1;91(9):3148-55. 4. Siena E et al. J Clin Oncol. 2000 Mar;18(6):1360-77.  
5. Allan DS et al. Bone Marrow Transplant. 2002 Jun;29(12):967-72. 6. Klaus J et al. Eur J Haematol. 2007 Jan;78(1):21-8.  
7. Giralt C et al. Leukemia. 2009 Oct;23(10):1904-12.  



tempo of PMN engraftment was 
indistinguishable between 

patients who received 2.5 to 5.0 
and >5.0 x 106 CD34+ cells/kg.  

 
In contrast,  the probabilities for 
achieving platelet independence 

were different 
for each cell dose level  

PMN 
platelet  

PMN 

PMN platelet  

platelet  

CD 34+ dose 



Relationship between transplanted dose and 
platelet recovery (to ≥ 20 × 109 cells/L) 

Siena et al. J Clin Oncol 2000;18:1360–77. 
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G-CSF (10 ug/kg/day) + 
placebo 

G-CSF (10 ug/kg/day) + 
plerixafor (240 ug/kg) 

G-CSF (10 ug/kg/day) + 
placebo 

G-CSF (10 ug/kg/day) + 
plerixafor (240 ug/kg)  

Endpoint:  
> 6 million CD34+ cells/kg 
in 2 or fewer apheresis 

Study 3102 
MM patients 

(n=300) 

Endpoint:  
> 5 million CD34+ cells/kg in 
4 or fewer apheresis 

Study 3101 
NHL patients 

(n=300) 

Successful and durable 
engraftment 

Plerixafor Phase III Trial – Study Design  



Study 3102 
MM patients 

(n=300) 



Efficacy (MM) 

Plerixafor	
  +	
  G-­‐CSF	
  
(n	
  =	
  148)	
  

Placebo	
  +	
  
G-­‐CSF	
  

(n	
  =	
  154)	
  

	
  
pa	
  

Primary	
  endpoint1	
  	
  
Pa$ents	
  achieving	
  ≥	
  6	
  ×	
  106	
  CD34+	
  
cells/kg	
  in	
  ≤	
  2	
  days	
  of	
  apheresis,	
  n	
  
(%)1	
  

106	
  (71.6%)	
   53	
  (34.4%)	
  

	
  
<	
  0.001	
  

Secondary	
  endpoint1	
  	
  
Pa$ents	
  achieving	
  ≥	
  6	
  ×	
  106	
  CD34+	
  
cells/kg	
  in	
  ≤	
  4	
  days	
  of	
  apheresis,	
  n	
  
(%)1	
  

	
  
112	
  (75.7%)	
  

	
  
79	
  (51.3%)	
  

	
  
<	
  0.001	
  

Pa'ents	
  proceeding	
  to	
  transplant,	
  
n	
  (%)2	
   142	
  (96.0%)	
   136	
  (88.3%)	
   0.014	
  

a Estimate of treatment effect: p value assessed by Cochran-Mantel-Haenszel test, blocked by study centre, and Pearson  
chi-squared with similar results.  

DiPersio et al. Blood 2009;113:5720–5726.  



Failure to mobilize is detrimental to the patient 
and requires additional costs to manage 

Patients failing to mobilize require 
additional treatment which may 
include:  

•  Remobilization procedures. While 
some may be successful, some 
patients may still fail to collect targets 
after remobilization 1,2 

•  Alternative procedures (allogeneic/ 
BMT) which are considered suboptimal 
relative to ASCT 2,3 

•  Patients who are not suitable for 
further procedures may only receive 
salvage/ palliative care 

 
Failure to mobilize is costly due to the 

requirement for remobilizations or 
further treatment 

•  For example Van Agthoven4 estimated 
the cost of bone marrow harvest  as ~
€19,000, versus ~ €15,000 for ASCT 

1 Pusic et al  (2008) Biol Blood Marrow Transplant 14 (9):1045-1056. 
2 Jantunen E, Kvalheim G (2010) Eur J Haematol 85 (6):463-471. 
3 Jantunen E, Kuittinen T (2008) European journal of haematology 80 (4):287-295. 
4 Van Agthoven et al  (2001) Eur J Cancer 37: 1781 - 1789 
 
 

 

Poor mobilizers 

Successful mobilization/
collection 

Failure to 
mobilize 

Remobilization 

Success Failure 

Alternative strategies: 
• Allogeneic transplantation 
• Bone marrow harvest 

Salvage 
therapies 



Failure Rates of G-CSF ± Chemotherapy 
Mobilization Regimens 

Chemo, chemotherapy; G-CSF, granulocyte colony stimulating factor; MM, multiple myeloma;  
NHL, non-Hodgkin’s lymphoma. 
Pusic et al. Biol Blood Marrow Transplant 2008;14:1045–1056.   
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Chemotherapy / G-CSF 
mobilization  

>	
  20	
  cells/µL	
  

A  P  H  E  R  E  S  I  S 

<	
  10	
  cells/µL	
  

Give plerixafor in 
evening 

Measure	
  CD34+	
  in	
  PB	
  in	
  
the	
  morning	
  

(Day	
  10/4)	
  PB	
  CD34+	
  count	
  or	
  

	
  1st	
  apheresis	
  <	
  1	
  x	
  106	
  CD34+	
  cells/Kg	
  

  Jantunen E, Lemoli RM., Transfusion. 2012 
   Mohty  M et al., BMT 2014 

  

Pre-emptive use of plerixafor in auto-SCT 

10	
  -­‐	
  20	
  cells/µL	
  

Dynamic	
  approach	
  based	
  on	
  	
  
pa'ent's	
  disease	
  

characteris'cs,	
  treatment	
  
history,	
  CD34+	
  cell	
  requirement	
  



Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 

Mobilization 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Collec'on	
  	
  	
  	
  

Daily	
  dose	
  of	
  G-­‐CSF	
  (5	
  μg/kg/day)	
  

Apheresis	
  sessions	
  (2	
  blood	
  volume	
  ±	
  10%	
  apheresis)	
  

Plerixafor	
  (240	
  μg/kg/day	
  SC)	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
-­‐	
  given	
  in	
  the	
  evening	
  at	
  10:00	
  PM	
  prior	
  to	
  each	
  apheresis	
  	
  

G-­‐CSF	
  dose	
  of	
  5	
  μg/kg/day	
  at	
  07:00	
  a`er	
  each	
  plerixafor	
  
dose,	
  about	
  2	
  hours	
  prior	
  to	
  star'ng	
  apheresis	
  

Stem Cell Mobilization Protocol Day	
  0:	
  	
  

CYCLO	
  4	
  g/m2	
  

Day 9 Day	
  13	
  

Day	
  +13	
  is	
  the	
  predicted	
  
mobiliza'on	
  day.	
  If	
  CD34	
  count	
  
is	
  not	
  high	
  enough	
  to	
  go	
  on	
  the	
  
machine,	
  pa'ent	
  needs	
  “pre-­‐
emp've”	
  plerixafor	
  

Day	
  14	
   Day	
  15	
  

Lemoli RM, unpublished 

“Pre-emptive” use of plerixafor after 
cyclophosphamide 4g/m2 



Important issues associated with stem cell 
mobilization beside CD34+ cell yield in Multiple 

Myeloma 

1.  Zhou P et al. Blood. 2003 Jul 15;102(2):477-9.  
2.  Stewart AK et al. J Clin Oncol. 2001 Sep 1;19(17):3771-9. 
3.  Bourhis JH et al. Haematologica. 2007 Aug;92(8):1083-90.  
4.  Fruehauf S et al. Bone Marrow Transplant. 2010 Feb;45(2):269-75.  
5.  Moog R. Transfus Apher Sci. 2008 Jun;38(3):229-36.  
6.  Porrata LF et al. Leukemia. 2004 Jun;18(6):1085-92.  
7.  Hiwase DK et al. Biol Blood Marrow Transplant. 2008 Jan;14(1):116-24.  
8.  Atta EH et al. Am J Hematol. 2009 Jan;84(1):21-8.  
9.  Holtan SG et al. Clin Lymphoma Myeloma. 2007 Jan;7(4):315-8.  
10.  Gazitt Y et al. Stem Cells Dev. 2006 Apr;15(2):269-77.  
11.  Retting et al., 2009 
12.  Desikan KR et al. JCO 1998; 16: 1547-53 

•  Mobilization of clonal myeloma cells1-4 

•  Collection technique5 

•  Higher number of lymphocytes and dendritic cells in 
apheresis product 6-11 

•  Morbidity and use of financial resources 
•  Predictivity of mobilizing strategies 
•  Anti-tumor effect of chemotherapy (Cy12, Eto, Bort) 



 
 
 

 

Is the efficacy of both approaches similar? What are the differences in side 
effect profiles? 

1)  Damon L. et al. BBMT 2006.  Cy (6 gr/m2) or Eto (2 gr/m2): 71% response (17% CR-no stringent criteria). Patients proceeding to ASCT= 
81% (5% did not due to toxicity). Three weeks cytopenia. TRM= 2.5%  

2)  Desikan RK. Et al. JCO 1998. Cy (6 gr/m2) vs G-CSF: Increased % hospitalization (100% ,Cy), plt and rbc transfusion (86% ,Cy), higher % 
FUO and documented infections. Similar efficacy (77% vs 82% pts achieved SC target). No difference for engraftment despite higher 
numbers of CD34+ cells in Cy group (approx 11x 106/Kg  vs 3 x 106/Kg). Antitumor effect of Cy= 10% pts partial response. 

Efficacy  Morbidity 

Chemotherapy vs. steady state mobilization for the 
collection of HSC  in Multiple Myeloma 



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
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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.
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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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The CIBMTR database only collects data on the product infused
at transplant (including data on mobilization) but not on products
that are stored for later use, even if collected during the same
mobilization cycle. Therefore, we were unable to assess actual
collection targets and yields, and we do not have any information
on patients who were mobilized but not transplanted (‘collect and
store’ or ‘mobilization failures’).
The other potential limitation of this study is that the decision

to use CC+GF mobilization may be based on the presence of
either high-risk disease or a high myeloma disease burden prior to
auto-HCT. In our dataset, the two groups were very similar in both
baseline characteristics, which included both initial stage, number
of prior lines of therapy and response to induction therapy, factors
that were all included in the multivariate analysis. In addition, an
exploratory analysis of the dataset suggests that in the majority of
cases, the method of mobilization is largely based on center
preference rather than disease characteristics. Because of the
nature of this database, comprehensive information on certain

prognostic factors including fluorescent in situ hybridization,
conventional cytogenetics or plasma cell labeling index was not
available. We cannot exclude the possibility that a subset of
patients with high disease burden or who are refractory to initial
immunomodulatory agent and proteasome inhibitor therapy may
benefit from CC+GF mobilization because very few of these cases
were available for analysis in the CIBMTR database (o5% of the
population).
In summary, our data indicate that for patients with MM who

received either an immunomodulatory agent or a bortezomib-
based induction regimen, similar outcomes are observed post
auto-HCT irrespective of the method of mobilization, and found
no evidence that the addition of chemotherapy to mobilization
contributes to disease control.
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Table 3. Adjusted probabilities of outcomes

GFa CC+GFa P

Non-relapse mortality
1 year 2 (1–4)% 1 (1–3)% 0.42
2 year 3 (1–4)% 2 (1–3)% 0.32
3 year 3 (1–4)% 2 (1–4)% 0.54
4 year 4 (2–6)% 3 (2–6)% 0.64
5 year 4 (2–6)% 3 (2–6)% 0.64

PFS
1 year 77 (73–81)% 79 (74–82)% 0.62
2 year 57 (52–61)% 62 (57–67)% 0.13
3 year 43 (38–48)% 40 (35–45)% 0.33
4 year 31 (26–37)% 31 (26–36)% 0.85
5 year 19 (13–25)% 26 (20–32)% 0.11

Overall survival
1 year 95 (92–96)% 92 (89–94)% 0.10
2 year 88 (84–90)% 85 (82–89)% 0.37
3 year 82 (78–86)% 80 (75–84)% 0.43
4 year 73 (68–78)% 71 (65–76)% 0.54
5 year 62 (54–68)% 60 (52–67)% 0.76

Abbreviations: CC+GF= cytotoxic chemotherapy plus growth factor;
GF=growth factor. aPercentage (95% confidence interval).
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Porrata LF et al. Blood 2001;98:579-585 

Overall survival of 126 patients with multiple myeloma as a function of ALC 
recovery at day 15 after ASCT. Median overall survival time for patients 

with an ALC greater than or equal to 500 cells/µL was 33 months versus 12 
months for patients with an ALC less than 500 cells/µL (P  <  .0001). 



Multiple Myeloma cell mobilization and positive 
selection of CD34+ HSC for tumor cell purging 



Are tumor cells mobilized after plerixafor 
administration? 
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Chemotherapy vs. steady state mobilization for 
the collection of HSC in Multiple Myeloma 

Weighing up the evidence 

Chemo-mobilization 
pros/cons  

Steady state mobilization 
pros/cons 


