
sion. The levels of competence and their descriptions were
revised to meet with the standard EU formulations. The
diagnostic parts were modified, where relevant, to assess
competence in interpretation of diagnostic tests rather
than hands-on ability to perform them. With increasing
demands for accreditation in particular within the labora-
tory specialties this is a logical development, but it
remains to be seen if young hematologists would score
better in the new version of the European Hematology
Curriculum. The new CV Passport, revised according to
the European Hematology Curriculum, is internet-based
and includes tags to selected educational material for each
section and individualized interactive features which
makes it an ideal tool for self-assessment by hematologists
in training. 
It is difficult to underestimate the importance of the

European Hematology Curriculum in the context of an
integrated Europe. Now there is professional consensus
where the scope, content and minimum competences of
our medical specialty are concerned. Meanwhile, Europe
is slashing its borders to allow for free movement of its cit-
izens. This development may or may not deliver on its
promise of professional mobility, employment opportuni-
ties and, finally, greater prosperity and equity for all. But it
will definitively affect the geographical scope of training
medical specialists. To have already come so far as to
agree upon a European Hematology Curriculum is one
thing. Another is to acquire  knowledge about the educa-
tional realities that exist in the different countries in order
to face the challenges that Europe is posing. To this end it
is important to regularly perform the Competence Survey
and to act upon its results.

Testing the relevance of the European Curriculum ver-
sion 2.0: a prospective European survey 
A prospective continuous survey would be the ideal

next step in assessing the present and future impact of the
European Curriculum on hematology training in Europe. If
implemented as a self-assessment tool for hematology
trainees at all stages of training, competence information
could be gathered at any time from the beginning of train-
ing until up to two years following completion of training. 
The competence data registered in this survey would,

first and foremost, enable trainees to monitor their own
progress and ensure they have covered all the diverse
areas which hematology encompasses. The survey would
also enable the generation of national or regional reports,
providing important information regarding the patterns of
hematology competence in various regions of Europe.
This will enable national societies to monitor how learn-
ing objectives are met over time and change training pro-
grams in response to the shortfalls that may have been
identified.
This prospective survey could be an important tool to

ensure and increase the quality of professional compe-
tence in this specialty. It may provide trainees with a tool
for professional excellence and mobility. In addition,
national societies will be able to assess the efficacy of their
training programs and adapt them if necessary, thereby
promoting harmonization of hematology training in
Europe. 
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Autologous stem cell transplantation is currently
considered the standard of care for multiple myelo-
ma in young patients with adequate organ func-

tion, based on the results of trials conducted in the era
prior to the advent of novel agents. While these trials
demonstrated the superiority of high-dose therapy with
stem cell support over conventional chemotherapy,

relapse remained an issue for the majority of patients.
With the introduction of the novel agents, a dramatic
change in treatment strategies in the transplant setting has
taken place. These agents are now incorporated prior to
and following the transplant procedure, and have resulted
in improvements in outcome. Importantly, improvements
have also been seen in patients with high-risk cytogenet-
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ics and renal impairment. In the era of novel agents, the
role of transplant itself is being questioned and trials are
ongoing to establish whether transplant can be delayed
until after relapse in some patients. The current ongoing
studies are aimed towards improving the different steps of
the procedure with the aim of further improving efficacy
and tolerability. This review addresses a number of ques-
tions surrounding the different steps of the transplant pro-
cedure and summarizes the available research evidence as
a basis for decision making.

1. Is high-dose therapy plus autologous stem cell trans-
plantation superior to conventional chemotherapy?
The concept of high-dose therapy (HDT) plus autolo-

gous stem cell transplantation (ASCT) was developed in
the 1980s. The objective of ASCT was to support high-
dose therapy (HDT) in order to reduce the duration and
toxicity of severe myelosuppression. The Intergroupe
Francophone du Myelome (IFM) was the first to conduct
a randomized trial showing the superiority of HDT/ASCT
over conventional chemotherapy in patients under 65
years of age regarding response rate, event-free survival
(EFS) and overall survival (OS).1 These findings were con-
firmed seven years later in a larger study conducted by the
UK Medical Research Council (MRC Myeloma VII trial).2

Following these results, HDT/ASCT became the standard
of care in patients without severe comorbidities and under
65 years of age. 
Overall, 7 randomized studies have compared

ASCT/HDT to conventional chemotherapy.3 While EFS
was superior with HDT/ASCT in 5 of 7 trials, OS was sig-
nificantly prolonged in only 3 trials. These results were
confirmed by a meta-analysis that showed a significant
benefit for HDT/ASCT in terms of EFS but no benefit in
terms of OS.4 This was partly explained by the impact of
ASCT at relapse in patients initially treated with conven-
tional chemotherapy. Therefore, although the majority of
myeloma experts recommend HDT/ASCT as part of ini-

tial therapy, some experts consider that delaying ASCT
until relapse remains a valuable approach.
Importantly, the use of HDT/ASCT was the major cause

of OS improvement observed in younger patients before
the introduction of novel agents, such as immunomodula-
tory drugs (IMIDs) and proteasome inhibitors.5 However,
despite the demonstrated efficacy of the procedure,
relapses ultimately occurred in the vast majority of
patients and long remissions (and possible cures) remained
rare. The introduction of several new agents (thalidomide,
lenalidomide and bortezomib) has substantially changed
treatment strategies in the transplant setting. The addition
of novel agents before and/or after HDT/ASCT has dra-
matically increased the post-ASCT complete response
(CR) rate and the CR plus very good partial response
(VGPR) rate.6,7 Maybe more importantly, the level of CR
has been up-graded with the achievement of stringent CR
(s-CR) with a normal κ/λ ratio (serum free light chain
assessment),8 of immunophenotypic CR (with multipara-
meter flow cytometry)9 and even molecular CR.10

Achievement of immunophenotypic or molecular CR has
been associated with longer progression-free survival (PFS)
and might become a new objective of modern treatments
with novel agents plus HDT/ASCT.

2. What is the best induction treatment prior 
to autologous stem-cell transplantation?
The objectives of including induction treatment prior to

HDT/ASCT are to reduce the tumor burden in order to
increase the post HDT/ASCT CR rate and to decrease the
plasma cell marrow infiltration to improve the quality of
the graft.
The ideal induction treatment should be well tolerated

and should spare normal hematopoietic precursors. Prior
to the introduction of novel agents, alkylating agents were
avoided due to their hematopoietic toxicity and the stan-
dard induction regimen was dexamethasone-based, either
high-dose dexamethasone alone, or a combination of dex-
amethasone with non-alkylating cytotoxic agents, such as
doxorubicin and vincristine in the so-called VAD regimen.3

Over recent years, a number of randomized studies
have demonstrated the superiority of induction regimens
containing one or two novel agents (thalidomide or borte-
zomib) compared to VAD-based regimens11-14 (Table 1).
With these new regimens, pre-ASCT response rates were
superior, with higher CR rates, as well as higher CR plus
near-complete response (n-CR) or VGPR rates. More
importantly, this better efficacy translated into higher CR
or CR plus n-CR or VGPR rates post transplantation.
Therefore, VAD is no longer considered the standard
induction treatment.7,15

Three randomized studies have compared a two-drug
induction (TD: thalidomide-dexamethasone or VD: borte-
zomib-dexamethasone) with a three-drug regimen (VTD:
bortezomib, thalidomide, dexamethasone).6,16,17 In the 3
studies, VTD was significantly superior to the two-drug
regimen and is now considered a standard induction regi-
men (Table 1), although in the study by Rosiñol et al., VTD
was not able to overcome the poor prognosis impact of
high-risk cytogenetics. There is no evidence that 4-drug
regimens are superior and they may be more toxic.19,20

The better response rate observed with new regimens is
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Table 1. Induction regimens.
Induction Response Response
regimen post-induction (%) post-ASCT (%)

CR ≥ VGPR CR ≥ VGPR

TAD vs. 3 37* 14 66*
VAD11 2 18 12 54
CTD vs. 13* 43‡ 50* 74‡

CVAD13 8 27 37 62
Bortezomib/dex vs. 6* 38* 16* 54*
VAD12 1 15 9 37
PAD vs. 7* 42* 21* 62*
VAD14 2 14 9 36*
VTD vs. 19* 62* 42* 82*
TD6 5 28 30 64
vTD vs. 13 49* 29 74*
VD16 12 36 31 58
VTD vs. 35* 60‡ 46† n/a
TD vs. 14 29 24 n/a
VBMCP/VBAD+V18 21 36 38 n/a

ASCT: autologous stem-cell transplantation; CR: complete response; VGPR: very good
partial response. *P value statistically significant; ‡Information regarding P-values not
available; †P value VTD versus TD statistically significant.
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related to a better efficacy across all prognostic subgroups,
including ISS 3 and poor-risk cytogenetics.6,12 There is cur-
rently no direct evidence that the higher CR plus n-CR rate
achieved with these new regimens translates into a longer
PFS since in all of these studies, there were different post-
ASCT treatments. However, there is an indirect argument
in favor of the prognostic impact of a better induction
treatment: the IFM group has shown that achieving at
least a higher VGPR rate after induction is associated with
a longer PFS.21 New induction regimens with lenalidomide
and carfilzomib are currently under evaluation.

3. What is the optimal conditioning regimen prior to
autologous stem cell transplantation?
The first HDT regimen was the combination of intra-

venous (i.v.) high-dose melphalan (HDM) (140 mg/m2)
plus total body irradiation (TBI). In a randomized trial con-
ducted by the IFM, high-dose melphalan alone at a dose of
200 mg/m2 was shown to be superior to HDM plus TBI.22

Thus far, HDM 200 mg/m2 is, therefore, the most widely
used HDT regimen. However, to improve the efficacy of
the HDT and ASCT results, several procedures have been
tested. Different groups have explored the use of combi-
nation HDT conditioning regimens using agents in addi-
tion to or replacing HDM.23,24 Recently, the Spanish group
tested a combination of oral busulfan combined with
HDM.25 Unfortunately, despite the fact that median PFS
was significantly longer with oral busulfan combined with
HDM, this regimen was associated with higher toxicity
due to an increase in the incidence of veno-occlusive dis-
ease. Subsequently, oral busulfan was substituted by i.v.
busulfan,26 which proved to be effective in reducing the
incidence of severe toxicities.27 However, i.v. busulfan
combined with HDM was not superior to HDM alone and
median PFS was comparable between both groups.26 Thus,
one can conclude that, for the time being, none of these
approaches proved to be superior to HDM 200 mg/m2. 
The use of bortezomib in conjunction with high-dose

melphalan proved to be well-tolerated, with non-random-
ized data suggesting improved efficacy.28,29 However, until
randomized results are available, HDM 200 mg/m2 should
remain the standard HDT prior to ASCT.

4. What is the best stem cell mobilization procedure
prior to autologous stem cell transplantation
Hematopoietic stem cell (HSC) mobilization from bone

marrow to peripheral blood is an essential part of ASCT
programs to increase the number of HSC cells in the
peripheral blood. Current mobilization strategies vary
between centers and some patients are unable to mobilize
sufficient numbers of peripheral blood stem cells (PBSC).1

Mobilization with granulocyte colony-stimulating factors
(G-CSF) is the most commonly used steady-state mobi-
lization strategy.30 Currently, the G-CSF cytokines filgras-
tim and lenograstim are approved for the mobilization of
autologous HSC. The recommended schedules are filgras-
tim 10 μg/kg/day for 4-6 consecutive days and apheresis
to be performed on Days 5 or 6. Lenograstim is used at 10
µg/kg/day for 4-6 days and apheresis are to be performed
between Days 5 and 7. Mobilization with cytokines alone
is well tolerated but their use can be limited by suboptimal
PBSC yields.31 Adding chemotherapeutic agent(s) to

cytokines may increase PBSC yields (so called “chemo-
mobilization” procedure) and can potentially decrease the
tumor burden. However, the time required to collect
PBSCs is prolonged and adequate collection becomes less
predictable. Also, the incidence and severity of side-effects
with chemotherapy plus G-CSF is increased compared
with G-CSF alone. The widely accepted filgrastim and
lenograstim dose for PBSC mobilization after myelosup-
pressive chemotherapy is 5 μg/kg/day each, starting with-
in 1-5 days after completion of chemotherapy and contin-
uing until the last apheresis. The most commonly used
chemotherapy-based mobilization in myeloma includes
high-dose cyclophosphamide (usual doses are in the range
of 2-4 g/m2).32 Current mobilization strategies can be opti-
mized by different approaches: i) re-mobilization with
steady-state approach; ii) change in chosen chemo-mobi-
lization approach; or iii) addition of new mobilization
agents such as plerixafor.33 Plerixafor is a chemokine-
receptor 4 (CXCR4) antagonist that disrupts the interac-
tion between the stromal-derived factor 1 (SDF-1) and
CXCR4, thereby enhancing the stem cell mobilization
effect of G-CSF. Plerixafor has been approved for use in
combination with G-CSF for autologous HSC mobiliza-
tion in myeloma and lymphoma patients. The recom-
mended dose is 240 μg/kg body weight/day 6-11 h prior
to apheresis initiation following four days of G-CSF pre-
treatment.31

5. What is the impact of consolidation therapy 
after autologous stem cell transplantation?
The use of short-term consolidation therapy after HDT

and ASCT aims to improve disease response through the
induction of a deeper response. It is widely accepted that
consolidation therapy should rely on a highly efficient
combination of drugs with limited toxicity, and that it
should be administered for a limited period of time.
Experiences testing consolidation therapy in myeloma
remain scarce given that they started in the era of novel
therapies. Initial results suggest that novel agents after
ASCT may further increase the rate of high-quality
responses and improve both PFS and OS.34 In patients with
a good response after ASCT, consolidation therapy has
been found not only to increase the complete response
(CR) rate but also to yield molecular remissions, which are
associated with longer PFS.10 Only a few large studies
investigating novel agent-based consolidation therapy are
available so far (Table 2). The Italian myeloma study
group reported results from a randomized, phase III study
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Table 2. Consolidation studies.
Study N. Outcome

Phase III 3-year PFS
VTD vs. 160 62%
TD35 161 46%; P=0.042
Phase III progression-free survival
Bortezomib vs. 187 27 months
N. treatment37 183 20 months; P=0.05
Retrospective study relapse rate
VTd vs. 121 21%
N. treatment36 96 45%; P=0.001
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that assessed the efficacy of bortezomib, thalidomide, and
dexamethasone (VTD) versus thalidomide and dexametha-
sone (TD) as induction therapy before and as consolida-
tion therapy after double ASCT for newly diagnosed
myeloma patients.6 In this randomized study, superior
complete/near-complete response (CR/nCR) rates and
extended PFS were demonstrated with VTD versus TD as
induction therapy before, and two cycles of consolidation
after, double ASCT. A recent per-protocol analysis35 specif-
ically assessed the efficacy and safety of consolidation
with VTD or TD. Before starting consolidation, there was
no significant difference in CR/nCR rates between the
VTD and the TD arms. After consolidation, CR and
CR/nCR rates were significantly higher for VTD-treated
versus TD-treated patients. VTD consolidation significant-
ly increased CR and CR/nCR rates, but TD did not, and 3-
year post-consolidation PFS was significantly longer for
the VTD group. Thus, VTD consolidation therapy con-
tributed significantly to improved clinical outcomes
observed for patients randomly assigned to the VTD arm
of the study. 
Data from other reports are consistent with the above

findings of a clinical benefit of consolidation therapy after
ASCT. In a retrospective multicenter study, Leleu et al.
found that two cycles of VTD consolidation therapy
(d=dexamethasone orally 40 mg weekly) resulted in a sig-
nificantly lower relapse rate compared to no consolidation
treatment.36 In another randomized trial conducted by the
Nordic myeloma study group, the use of bortezomib as
single-agent consolidation therapy (20 doses during 21
weeks) was compared with no consolidation in a popula-
tion of bortezomib-naïve patients and proved to be a
superior approach.37

Finally, the benefit of a second ASCT compared to con-
solidation therapy and the respective impact of consolida-
tion and maintenance therapies are unknown and ran-

domized studies addressing these questions are underway.

6. What is the impact of maintenance therapy after
autologous stem cell transplantation?
In contrast to consolidation therapy which should, by

definition, be short term, maintenance therapy is generally
assumed to be long term and typically aims to reduce the
risk of progression or relapse and to prolong OS.
Therefore, maintenance therapy should ideally consist of
a ‘gentle’ treatment for a prolonged period, with long-term
safety being a major issue. Given its efficacy in different
myeloma treatment settings, and being an oral agent,
thalidomide was tested in several randomized trials as a
maintenance drug. Although these studies varied in design
(dose and duration of thalidomide treatment) most of
them showed a significant benefit in terms of response
rates (namely CR and/or VGPR) and/or PFS. However, OS
was not significantly prolonged in any of the studies while
a shorter OS after relapse could be observed in some stud-
ies following long-term thalidomide treatment.38,39

Interestingly, Spencer et al. showed both a PFS and OS
advantage with prolonged thalidomide treatment (thalido-
mide + prednisone). In the latter study, thalidomide was
delivered for 12 months at 100 or 200 mg daily depending
on tolerance.40 It has been suggested that this benefit may
be due to a consolidation rather than a maintenance effect
as thalidomide was only administered for 12 months. In
the various studies examining prolonged thalidomide
treatment, the agent was associated with a high risk of
peripheral neuropathy, fatigue, and various other side-
effects, all of which represent a serious obstacle for the
wider use of the drug in the maintenance setting. Thus,
when used in the maintenance setting, one should aim to
use a low dose of thalidomide (100 mg daily) and a short
duration of treatment (6-12 months) as in the study by
Spencer et al.40
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Table 3. Lenalidomide maintenance trials.
Study Median follow up N. Treatment Outcome

PFS 4-year OS
IFM 2005-0241 45 months 307 Lenalidomide 41 months 73%

307 Placebo 23 months 75%
P<0.001 P=ns
TTP OS

CALGB 10010442 48 months 231 Lenalidomide 50 months Not reached
229 Placebo 27 months n=73

P<0.001 P=0.008
PFS: progression-free survival; OS: overall survival; TTP: time to progression.

Table 4. Bortezomib maintenance trials.
Study details Median follow up N. Treatment Outcome

PFS OS
HOVON 65 MM / GMMG-HD414 41 months 413 PAD/HDM/Bortezomib 35 m Median not reached

414 VAD/HDM/Thal 28m HR=0.77 
P<0.001 (0.60-1.00) P=0.049

PETHEMA / GEM17 34.9 months 89 VT Significant PFS OS not significantly 
87 Thal benefit for VT diffferent 
90 Interferon-α2b P<0.0009 between arms

PFS: progression-free survival; OS: overall survival.
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Another oral IMiD, lenalidomide, which is generally
better tolerated than thalidomide, was thought to be a
potential good candidate drug for maintenance treatment.
In the transplant-eligible myeloma population, 2 large
placebo-controlled multicenter randomized trials could
establish the potential benefit of the long-term use of
lenalidomide maintenance. Both studies showed a dra-
matic improvement in PFS in patients receiving low-dose
lenalidomide after ASCT until progression (Table 3).41,42 In
one of these studies (the CALGB study), the longer PFS
translated into a significantly longer OS. In both trials,
lenalidomide was superior to the comparator arm in all
pre-defined prognostic subgroups. Treatment was well
tolerated. However, in both studies, an unexpected over-
incidence of secondary malignancies (both solid tumors
and hematologic malignancies) was described. The patho-
physiology of these secondary malignancies remains to be
clarified. At present, long-term maintenance with
lenalidomide cannot be recommended to all patients
because the OS benefit has not yet been widely estab-
lished and because of the concerns about long-term safety.
Furthermore, lenalidomide is currently not approved for
maintenance treatment. Ongoing studies are focusing on
determining the optimal duration of maintenance therapy
and the profile of patients who might benefit most from
such a treatment. Indeed, it is likely that the impact of
maintenance therapy may prove to be of particular inter-
est in the setting of patients with high-risk disease who
usually have a shorter OS and PFS. Preliminary data pre-
sented by Kaufman et al. suggested that maintenance ther-
apy with lenalidomide and bortezomib may help to alter
the natural history of high-risk disease.43 Obviously, the
combined use of both consolidation and maintenance
therapies is still controversial and is the subject of ongoing
trials.
Bortezomib maintenance therapy has also been investi-

gated in 2 randomized trials (Table 4). In the HOVON
65/GMMG-HD4 trial, patients received bortezomib main-
tenance for two years after induction with PAD and single
or double ASCT, while in the comparator arm, patients
received VAD induction followed by high-dose therapy
and single or tandem ASCT and thalidomide maintenance
for two years.14 PFS was significantly longer for those
patients on the bortezomib arm of the study, while there
was no difference in OS. Interestingly, the bortezomib-
containing arm resulted in significantly improved PFS and
OS in patients with elevated serum creatinine and
del(13q4) and del(17p13) compared to the comparator
arm. However, because the two arms of the study differed
both in the induction and maintenance therapies adminis-
tered, it is not possible to assign the results to the different
maintenance regimens. Rosiñol et al. compared random-
ized patients to maintenance therapy consisting of borte-
zomib plus thalidomide, thalidomide alone or interferon-
α2b after up-front induction with VTD, TD or
VBMCP/VBAD+V and high-dose therapy. They observed
a significant PFS benefit for VT while there was no signif-
icant difference in OS between the arms.18 Although these
results indicate a benefit for bortezomib maintenance
therapy, further randomized studies are needed before the
use of the agent in the maintenance setting can be recom-
mended. It is worthy of note that the subcutaneous for-

mulation of bortezomib may be an attractive option in the
maintenance setting.44

7. Which patients are candidates for autologous
stem cell transplantation?
Usually, ASCT is indicated for patients under 65 years of

age with no severe comorbidities.3 Two clinical conditions
may be discussed.

1. Patients over 65 years of age 
ASCT is feasible in selected patients over 65 years of

age.45,46 However, results of published studies are obvious-
ly biased by selection criteria. Very few randomized stud-
ies have included patients over 65 years of age.47,48 In these
studies, the doses of melphalan were reduced compared to
those used in younger patients (100 mg/m2 instead of 200
mg/m2) but the transplant procedure was repeated twice.
In the Italian study, two courses of melphalan 100 mg/m2

plus ASCT were superior to the standard chemotherapy
regimen melphalan-prednisone (MP).47 However, the IFM
group failed to confirm this result and showed that this
approach was inferior to the combination of MP plus
thalidomide.48 Nevertheless, Hailemichael et al. recently
reported an improved OS with ASCT in selected patients
over 65 years of age,49 suggesting that a careful selection
process considering physiological age as a determinant for
ASCT would result in better outcomes. Overall in Europe,
ASCT is not frequently proposed to patients over 65 years
of age and prospective studies are still warranted.

2. Renal impairment
Although ASCT is feasible in patients with renal failure,

toxicities of HDT are more frequent and more severe and
the doses of melphalan should be decreased.50,51 Patients
with renal failure at time of ASCT are usually excluded
from ASCT programs since no randomized trial has been
performed in this context. However, renal impairment at
presentation does not necessarily mean that ASCT will be
contra-indicated after induction therapy and symptomatic
measures.

8. Early versus late autologous stem cell transplantation
in myeloma?
Until recently, the available research evidence demon-

strated that the use of HDT followed by ASCT should be
the preferred treatment option for young myeloma
patients at diagnosis, since HDT/ASCT was associated
with a significant improvement in outcome. However,
already in the initial period when HDT/ASCT was com-
pared with conventional chemotherapy, it was noted that
while almost all randomized studies showed longer PFS,
the OS benefit was less clear, partly because some patients
received ASCT as salvage therapy for relapse in the con-
ventional chemotherapy arm.3 As a consequence, one
must acknowledge that ASCT could improve OS whether
performed early, as first-line therapy, or late, as rescue
treatment.3,52 Nevertheless, a global consensus was strong-
ly in favor of early front-line ASCT.
Recently, based on the impressive results achieved with

novel agents, including those achieved in elderly patients
not receiving ASCT, the dogma of mandatory early front-
line ASCT versus late rescue ASCT in the younger popula-
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tion was challenged by many investigators. For instance,
the lenalidomide-dexamethasone combination was evalu-
ated by different investigators as primary therapy both in
young patients who did not wish to undergo ASCT and in
older patients not candidates for ASCT.53,54 Another study
tested the lenalidomide-bortezomib-dexamethasone com-
bination.55 These studies showed that such modern com-
binations can yield high complete remission rates and
promising PFS estimates. The lenalidomide-bortezomib-
dexamethasone combination followed by ASCT appears
to be a promising approach leading to a very high rate of
ORR (94%) and an impressive long PFS.56 Moreover, these
treatments are quite well tolerated, and may be given for
longer periods. Interestingly, patients who did not receive
ASCT upfront might still receive it at time of relapse.
Therefore, the role of up-front ASCT is being questioned
in many centers.57 Ongoing randomized trials comparing
up-front ASCT versus novel agents without high-dose
therapy and ASCT will provide a definitive answer to this
question in the era of modern therapy. In one of these tri-
als, a preliminary analysis suggests that ASCT reduced the
risk of progression, while OS was comparable to that in
the arm without high-dose therapy.58 However, longer fol-
low up is needed. It is actually possible that some sub-
groups of patients may still need up-front ASCT in combi-
nation with novel agents, while ASCT may be postponed
in some other patients.

9. Single versus tandem transplant?
In the absence of new treatments in the 1990s, the only

possibility to attempt to improve outcome was to further
increase dose intensity by developing the concept of dou-
ble intensive therapy, which was pioneered by the
Arkansas group.59 Three randomized trials showed a ben-
efit in favor of double ASCT in terms of PFS, but 2 of them
failed to show an OS benefit.3 In the trial carried out by
Attal et al., double ASCT resulted in an OS benefit in
patients who did not achieve a VGPR after the first trans-
plant.60 In a recently published Cochrane Database sys-
tematic review of first-line tandem ASCT versus single
HDT/ASCT studies, the authors concluded that none of
the studies included in the analysis was sufficiently
informative to support treatment decisions concerning the
question of single versus tandem ASCT.61 In addition, none
of the trials included novel agents, which are now consid-
ered standard treatment. 
Recent results with novel agents appear to suggest that

there may be a role for tandem ASCT in high-risk disease
defined by the presence of adverse cytogenetic abnormal-
ities. In the trial by the Italian myeloma study group
which investigated VTD versus TD as induction and con-
solidation, there was no difference in PFS for patients with
or without translocation t(4;14) in the VTD arm, indicat-
ing that the combination retained its efficacy in the pres-
ence of the high-risk signature.6 In addition, progression,
relapse or death at three years was comparable for
patients with or without the translocation. Furthermore, a
subgroup analysis of the HOVON65/GMMG-HD4 trial,
which compared PAD versus VAD induction, HDM and
bortezomib or thalidomide maintenance, showed that the
adverse impact of del(17p13) on PFS and OS could be sig-
nificantly reduced by a novel agent induction regimen fol-

lowed by tandem transplant, followed by novel agent-
based maintenance treatment.62 Although these data sug-
gest a benefit for tandem ASCT in high-risk disease, ran-
domized studies are needed to confirm these observations
before recommendations regarding its routine use can be
made.
An alternative strategy including tandem ASCT was

developed by Barlogie et al.: total therapy 3 (TT3). This is
a complex treatment approach including induction, tan-
dem ASCT, consolidation and maintenance. This treat-
ment can allow among the best results in myeloma thera-
py to be achieved, with a CR/nCR rate of 83%, a 2-year
EFS of 84% and a 2-year OS of 86%.63 Furthermore, sub-
group analyses showed that the adverse effect of
del(17p13) or TP53 deletion on PFS and OS was signifi-
cantly reduced with TT3.64,65 Thus, this treatment includ-
ing tandem ASCT can achieve impressive results even in
those patients with adverse cytogenetics. However, one
must acknowledge that such results are achieved at the
expense of treatment-related death rates of 5%. Thus,
patients who will mostly benefit from this treatment still
have to be defined. Furthermore, it is still unclear which
step of the different sequences of TT3 is most useful.

10. What is the role of autologous stem 
cell transplantation as salvage therapy?
At time of disease recurrence, there is no one standard

salvage approach, but instead, various therapeutic options
are available, including novel agent-based therapy, admin-
istered for a fixed duration of time or until progression.
When a frozen autologous graft is still available, it is also
possible to repeat high-dose therapy in patients who pre-
viously responded to the front-line application of HDM
and ASCT. Over time, several reports have demonstrated
the feasibility of this salvage strategy.66-73 Most data are
derived from retrospective studies and are based on expe-
riences with relatively small numbers of selected patients.
In this setting, PFS has been shown to range from 7 to 22
months, and the treatment-related mortality was accept-
able, ranging from 0 to 8%. Various prognostic factors for
prolonged PFS have been described, such as the duration
of response to the first HDM.66,67,71 or the number of lines
of therapy prior to salvage ASCT.70,72 Currently, it is realis-
tic to assume that the repeated administration of HDM
with ASCT can be considered as salvage therapy if the
interval between prior ASCT and relapse is 1.5-2 years or
more. Prolonged duration of remission after the first
ASCT is associated with improved PFS and OS after the
second ASCT.

Conclusions and future perspectives
Compared to historical results achieved with single or

even double ASCT, results of HDT/ASCT have dramati-
cally improved with the addition of novel agents (thalido-
mide and lenalidomide, bortezomib). These agents have
not only improved the CR rates pre- and post-transplant,
but they have resulted in tangible improvements in out-
come as evidenced by longer PFS and OS. Numerous ques-
tions surrounding the transplant setting remain, such as
the role for prolonged therapy following transplant, the
role of high-dose therapy itself, as well as other practical
questions regarding the optimization of the different steps
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in the transplant procedure. Ongoing studies are needed to
further improve the results obtained with transplantation
as part of our quest for more effective and better tolerated
therapies.
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