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Abstract
Purpose of review—Autologous stem cell transplantation (SCT) has been an integral part of
the management of multiple myeloma, especially for younger patients. During the past decade,
several highly effective therapies have become available for treatment of myeloma, raising
questions about the role of SCT for its management. This review focuses on recent findings in the
context of previous studies demonstrating a benefit for SCT compared with conventional
therapies.

Recent findings—Recent clinical trials have primarily focused on improving patient outcome
by integrating the novel agents into various stages of myeloma therapy, including initial therapy
resulting in improvement of disease control at the time of SCT, incorporation into conditioning
regimens and finally, using maintenance approaches to prolong the response from SCT. In
addition, recent trials also have demonstrated a potential role for tandem SCT in selected patients.
However, the role of allogeneic SCT still remains to be better defined.

Summary—Patients with myeloma have more effective choices for therapy today and better
outcome. Recent and ongoing trials will allow better selection of therapy, preferably in an
individualized fashion, potentially translating into prolonged survival.
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Introduction
Stem cell transplantation (SCT), mostly autologous, has been the treatment of choice for
patients with multiple myeloma considered eligible for the procedure. Several randomized
trials have demonstrated an advantage for SCT compared with conventional therapy alone
and formed the basis for this approach [1,2]. During the past decade, several new agents
have been introduced for treatment of multiple myeloma, with treatment efficacy rivaling
those previously seen only in the context of SCT [3,4,5••]. The results with these new
agents, alone or in various combinations, have changed the treatment paradigm for patients
with myeloma and have fueled an intense debate regarding the current role of SCT [6••].
This review discusses the role of SCT for management of myeloma in this new era of
‘highly effective but non-curative’ therapy.
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Autologous stem cell transplantation in the prenovel agent era
High-dose therapy (HDT) for management of multiple myeloma was introduced over two
decades ago based on the ability of high doses of chemotherapy to overcome innate and
acquired drug resistance. Introduction of the stem cell rescue allowed well tolerated
administration of myeloablative doses of chemotherapy alone or in combination with
radiation. The widespread acceptance of this treatment modality for management of
myeloma was based on the favorable results from several randomized control trials [1,2,7].
Although the initial trials laid the foundation for autologous stem cell transplantation
(ASCT) approaches for myeloma, subsequent trials have systematically refined the role of
this approach. The initial French trials and the Medical Research Council VII trial
demonstrated an improved response duration and overall survival (OS) for ASCT compared
with conventional therapies used at that time, mostly alkylator and steroid-based
combination regimens. The details of the trials comparing SCT with conventional therapy
are elaborated in Table 1. However, not all the randomized trials addressing this question
were able to demonstrate an OS advantage for ASCT, though disease-free interval was
clearly superior with the ASCT in most of these studies [8-10]. Patient selection criteria and
use of different conditioning regimens have been used to explain the different results from
these clinical trials. However, these seemingly conflicting results have allowed us to better
understand the role of ASCT in myeloma and highlighted the possibility that not all
transplant-eligible patients may require an ASCT. This is highlighted by the results of the
PETHEMA trial that included only patients responding to the initial therapy in a phase III
trial comparing ASCT with conventional therapies [10]. This trial failed to show any
superiority for the transplant approach, underscoring the possibility that some of these
patients with an excellent response to nontransplant treatments may not require SCT as part
of initial therapy. Subsequent trials such as the S9321 and MAG91 failed to demonstrate a
benefit for SCT compared with conventional therapy, but allowed for patients to get SCT as
subsequent therapy following failure of initial regimen, and in effect asked the question
whether early or delayed SCT were comparable [8,9]. This question was specifically
addressed by the MAG90 trial that compared early SCT with SCT used as first line salvage
therapy and demonstrated equivalent OS for the two approaches [11]. However, use of early
ASCT was associated with a longer time without therapy and symptoms, a good surrogate
for improved quality of life.

Additional trials and retrospective studies further allowed us to define the selection of
patients, conditioning therapy and posttransplant maintenance strategies. Another
InterGroupe Francophone du Myélome (IFM) trial specifically examined the role of total
body irradiation (TBI) as part of conditioning therapy prior to ASCT transplant and showed
better outcome when high-dose melphalan was used alone (without TBI) and has led to this
being the current standard [12]. Although the randomized trials included patients younger
than 65 years, studies suggest similar benefits for older patients who are considered eligible
to undergo the procedure [13,14•]. Renal insufficiency is common at diagnosis, and patients
with compromised renal function also can benefit from ASCT, if they are otherwise
considered eligible [15]. Unlike other malignancies, response to preceding chemotherapy is
not a prerequisite for consideration of ASCT in myeloma. In fact patients refractory to initial
therapy of their disease can derive comparable benefits from ASCT as those responding to
the pre-ASCT regimen [16]. Given this scenario, ASCT has been considered the standard of
care for patients with myeloma who are eligible. A population-based study from Sweden
suggested improved survival for patients with myeloma in the recent years, which was
attributed mostly to wider use of ASCT.

The traditional approach to ASCT before the introduction of novel agents had been initial
control of the disease using combination regimens such as vincristine, doxorubicin and
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dexamethasone (VAD) or single agent dexamethasone. The type of pretransplant therapy did
not appear to have much impact on the outcome of SCT and likely reflects the low rates of
deep responses [very good partial response (VGPR) and complete responses] seen with
these regimens [17•]. However, alkylating agents are avoided as part of initial therapy due to
their impact on the ability to collect stem cells [18]. Following 4–6 months of therapy,
patients underwent stem cell collection with granulocyte colony-stimulating factor alone or
in combination with chemotherapy, followed by immediate transplantation or continuation
of alkylator or steroid-based treatment regimens with the aim of delayed transplantation at
relapse [19]. Purging of the collected stem cells has not been beneficial and is not
considered standard. Post-ASCT maintenance therapy has not been considered standard,
with clinical trials examining steroids or interferon not showing significant benefit. In a
small, randomized clinical trial, 85 patients received either maintenance treatment with
interferon-α until relapse or no further treatment following initial ASCT [20]. Even though
initial results appeared to demonstrate longer event-free survival(EFS) and OS with
maintenance therapy, the differences were no longer significant with longer follow-up.
Other approaches for posttransplant maintenance have included immunotherapy strategies
such as dendritic cell vaccines.

Prognostic factors in the context of autologous stem cell transplantation
Several clinical and laboratory features have been identified that can impact the outcome of
ASCT. These have included disease stage, presence of renal insufficiency, high plasma cell
proliferative rate, presence of circulating plasma cells, elevated β-2 microglobulin (B2M)
and lactate dehydrogenase, disease progressing on prior therapy, preexistent diagnosis of
monoclonal gammopathy of undetermined significance and abnormal cytogenetics among
others [21-26]. The strongest predictors of outcome following SCT have been the presence
of cytogenetic abnormalities [21]. Myeloma is a genetically heterogeneous disease with
nearly half of the patients with a hypodiploid karyotype, usually harboring translocations
involving the immunoglobulin heavy chain locus on chromosome 14 [27]. The remaining
patients typically have a hyperdiploid karyotype. Nearly half of the patients, belonging to
either of these groups, can also have abnormalities of chromosome 13. In addition to these
primary abnormalities, plasma cells can acquire additional abnormalities involving the p53
gene on chromosome 17p. Patients with t (4;14), t (14;16), del 13 on conventional
cytogenetics and 17p abnormalities have response durations less than a year compared with
a median response duration of 24 months seen in the randomized trials [21]. Application of
more sophisticated technology such as gene expression profiling has allowed us to identify
sets of genes that can predict different outcomes following SCT approaches, but these are
not available for routine testing at this time.

Role of second autologous stem cell transplantation
A second ASCT can be considered for management of multiple myeloma, either as salvage
therapy in patients relapsing after previous ASCT or as consolidation therapy soon after the
first ASCT (tandem ASCT). Investigators at the University of Arkansas initially reported on
the use of sequential ASCT in their Total Therapy I protocol, which consisted of a series of
induction regimens and two cycles of HDT [28].

Several randomized trials have directly addressed the question of single versus double
upfront transplants (Table 2). In the IFM94 trial, the EFS (20 versus 10%) and the OS (42
versus 21%) at 7 years posttransplant doubled with addition of the second ASCT, even
though there was only minor improvement in the combined complete remission and VGPR
rate with double transplant (50 versus 42%) [29]. The benefit was mostly restricted to those
not achieving a VGPR with the first ASCT. In the Bologna 96 trial, addition of a second
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HDT prolonged EFS by 12 months and time to progression by 17 months, with a projected
OS at 6 years of 44% for single transplant and 63% for double transplant (P=0.3) [30••]. As
with IFM94, patients failing to achieve a complete or near complete remission after the first
HDT obtained the maximum benefit. Similarly, the HOVON24 trial also showed prolonged
EFS for double ASCT without any improvement in the OS, whereas the MAG95 trial did
not have improvement in either EFS or OS with the double ASCT [31,32].

Although these trials have looked at two planned transplants in a ‘back to back’ fashion, the
role of a second transplant as salvage therapy after previous transplants has not been studied
in a prospective fashion. However, enough evidence exists from retrospective studies to
consider this therapy in patients with relapsed disease [33,34]. In a report of 172 patients
relapsing after one ASCT 54 patients received a second ASCT and the rest received salvage
chemotherapy. Although there was a trend towards improved OS with repeat ASCT, there
was no benefit for those relapsing less than 18 months from the initial ASCT with median
survival less than 6 months compared with 3 years for those with a longer response from
first ASCT. A European Bone Marrow Transplantation Registry (EBMTR) analysis of
‘planned’ sequential transplants (presumed tandem) or ‘unplanned’ (presumed salvage)
showed a median survival from ASCT of 60 months for the planned group versus 51 months
for the rest (P=.05) [35]. The authors concluded that in order to improve survival with
tandem ASCT, it should be performed before relapse and within 6–12 months of first ASCT.

In another interesting trial, Abdelkefi et al. [36••] randomized 195 patients, with de-novo
symptomatic myeloma, younger than 60 years to receive either tandem ASCT upfront or one
ASCT followed by a maintenance therapy with thalidomide for 6 months, with the option of
a second ASCT at disease progression. In both arms, the initial therapy was thalidomide–
dexamethasone. The 3-year progression-free survival (PFS) and OS were 57 and 65%,
respectively with tandem ASCT compared with a PFS as well as OS of 85% with
thalidomide maintenance. This trial raised the possibility that additional consolidation
therapy with a short course of novel agent may be able to substitute for a tandem approach.

Impact of novel agents, and the current role of autologous stem cell
transplantation for multiple myeloma

The past decade has seen dramatic changes in our approach to treatment of myeloma,
primarily as a result of introduction of thalidomide, its analogue, lenalidomide and the
proteasome inhibitor, bortezomib. The new drugs have had the maximum impact in the
initial treatment of myeloma. Thalidomide in combination with dexamethasone was first
studied and led to high response rates and deeper responses in patients with previously
untreated myeloma. Although the phase III trials showed improved PFS with thalidomide
and dexamethasone compared with dexamethasone or VAD, there was no significant
improvement in the OS [3,37]. Given the high response rates, thalidomide–dexamethasone
soon replaced the traditional VAD or pulse dexamethasone regimens as initial therapy of
myeloma. Lenalidomide in combination with dexamethasone in phase II and III studies have
resulted in over 90% response rates, and especially with long-term treatment have resulted
in complete and near complete remission rates of over 50%, hitherto seen only in the context
of ASCT-based approaches [5••,38,39]. What was more striking has been the significant
reduction in the early mortality rates in patients with multiple myeloma, especially when
lenalidomide was combined with lower (weekly) doses of dexamethasone compared with
traditional pulse doses [5••]. Similarly, bortezomib has also been studied in the setting of
newly diagnosed multiple myeloma with high response rates [40]. Bortezomib in
combination with dexamethasone was superior to VAD in a randomized French trial in
terms of response rates and depth of responses, allowing for significant reduction in the
requirement of tandem transplantation [41]. One could argue that the biggest contribution of
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these novel drugs has been the reduction in the early mortality, an aspect of disease control
that ASCT has not been able to address considering that most of these happened prior to the
patient receiving ASCT. These findings have led to the adoption of lenalidomide or
bortezomib-based initial therapy of multiple myeloma by most of the practitioners (Fig. 1).
The new agents have allowed development of initial treatment strategies that are well
tolerated, highly effective, decrease the initial mortality, allow rapid control of disease with
potential reversal of complications such as renal insufficiency and finally, allow continued
treatment if a decision is made to delay ASCT.

Although the focus of clinical investigation has been to define the role of these new drugs in
untreated myeloma, some trials have examined ways to incorporate these agents into
conditioning regimens. Another trial added bortezomib to melphalan as part of a
conditioning regimen for ASCT for myeloma and has found this to be well tolerated, and the
results warrant a study in randomized setting [42].

The availability of these new drugs also renewed the interest in maintenance strategies after
ASCT. Several ongoing and partially reported trials are evaluating the role of thalidomide or
lenalidomide as maintenance therapy after ASCT [43-45]. The IFM99-02 trial randomized
patients 2 months after tandem ASCT to receive no maintenance, pamidronate or
pamidronate and thalidomide [43]. The response rates were significantly higher for the
thalidomide arm, and this translated into an improved EFS of 52% compared with 36% with
no maintenance and 37% with pamidronate alone. However, long-term results of this trial
have failed to demonstrate a survival advantage. Ongoing trials are evaluating the role of
bortezomib or lenalidomide as maintenance after single ASCT.

Allogeneic stem cell transplantation for multiple myeloma
There has been limited success with allogeneic stem cell transplantation (allo-SCT) for
treatment of myeloma, largely a result of high treatment-related toxicity in this patient
population. This along with the paucity of well designed randomized trials precludes
development of firm recommendation regarding the optimal use of this modality and should
primarily be considered in the context of clinical trials. There is little doubt that a graft
versus myeloma effect exists and is obvious from the higher rate of molecular responses
following allo-SCT compared with ASCT that in turn translates into longer remissions [46].
In a study using PCR-based assessment of clonal markers, half of those undergoing allo-
SCT achieved a molecular complete remission compared with 16% of ASCT and had a
significantly lower relapse rate and longer PFS (35 versus 110 months) [47].

Most of the initial reports on the utility of allogeneic approaches have come from small
studies or transplant registries (Table 3) [48-51]. The recent trials have attempted to
compare the allogeneic approach with ASCT, with enrichment for patients with high-risk
disease. In a retrospective case-matched analysis from the EBMTR, patients treated with
allogeneic bone marrow transplantation (allo-BMT) were compared with a similar group of
patients who received ASCT [49]. The OS was significantly better for the ASCT than for
allo-BMT, with a median survival of 34 and 18 months, respectively. The poorer survival in
allo-BMT patients could be attributed mostly to the higher transplantation-related mortality
(TRM) (41 versus 13%). Among patients surviving the first year, there was a trend for better
OS and EFS for allo-BMT. Although the treatment-related toxicity has improved over time,
it still remains high. Data from the EBMTR suggest that the TRM with allogeneic transplant
fell from 46% at 2 years for transplants done during 1983–1993 to 30% for those done
during 1994–1998 [52].

Nonmyeloablative or reduced intensity conditioning (RIC) allo-SCT relies primarily on the
immunological effects of the graft, with the conditioning chemotherapy primarily facilitating

Kumar Page 5

Curr Opin Oncol. Author manuscript; available in PMC 2010 July 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



engraftment [53-55]. There have been two randomized trials that have attempted to compare
ASCT with allo-SCT (Table 3). The IFM99-03/99-04 clinical trials studied patients with
high-risk myeloma (B2M >3 mg/l and chromosome 13 deletion) [56]. Sixty-five patients
with a human leukocyte antigen (HLA) identical sibling donor were assigned to receive RIC
allogeneic SCT (IFM99-03 trial), and 219 patients without an HLA-identical sibling donor
were assigned to undergo second ASCT (IFM99-04 protocol). The incidence of acute graft
versus host disease (GVHD) was 32%, chronic GVHD was 43% and TRM was 10%.
Responses included 62.2% with complete remission, 20% with partial remission and 18%
stable disease/ progressive disease at 2 months. On an intent-to-treat basis, the median OS
and EFS did not differ significantly between the groups (35 and 25 months in the IFM99-03
trial versus 41 and 30 months in the IFM99-04 trial, respectively). When the 166 patients
randomly assigned in the tandem ASCT protocol were compared with those undergoing
allogeneic transplant, the EFS was similar (35 versus 31.7 months), with a trend for better
OS with tandem ASCT (median, 47.2 versus 35 months; P=0.07). Thus, in spite of improved
TRM, there was no advantage for allo-SCT. In the Italian trial, 108 patients less than 65
years with newly diagnosed multiple myeloma received standard ASCT followed by low-
dose TBI conditioning and HLA-matched sibling peripheral blood SCT (median of 2–4
months from ASCT) or went on to receive a second ASCT [57••]. At a median follow-up of
3 years, TRM was 11% with allo-SCT versus 4% with double ASCT; complete remission
rate was 46 versus 16%; OS was 84 versus 62% and PFS was 75 versus 41%, all significant
differences.

Current approach to the patient with newly diagnosed multiple myeloma
The current approach to the management of newly diagnosed patients is described in Fig.
1.We recommend initial therapy with a lenalidomide or bortezomib-containing regimen for
2–4 cycles, followed by stem cell mobilization and harvest. Lenalidomide has been
associated with reduced stem cell harvest, a feature that seems to be more common in the
older patients and those receiving more than 4 cycles of treatment. On the basis of previous
clinical trials demonstrating equivalent survival for early versus delayed ASCT, it is
reasonable to continue with initial therapy to maximum benefit possible titrated to minimum
toxicity and consider ASCT at the first relapse. Given the rather poor outcome following
ASCT in patients with high-risk features (adverse cytogenetics, high-proliferation status and
high B2M), our approach has been to maximize the benefit with the initial therapy
incorporating agents such as bortezomib, which have been shown to overcome the impact of
the poor prognostic factors, and to consider ASCT as a second line treatment. For patients
failing to achieve a VGPR with their first ASCT, tandem ASCT or consolidation therapy
with one of the new agents to the maximum response can be considered. Allogeneic
approaches remain an option for younger patients with poor risk disease or for those with a
rapid relapse after their first ASCT.

Conclusion
ASCT is an effective therapy for multiple myeloma and should be considered an option for
all patients younger than 65 years and older patients with excellent functional status. The
role of ASCT continues to evolve with the development of effective agents for multiple
myeloma. The response rates seen with new drugs rival that of ASCT and raise important
questions regarding the role and timing of ASCT. The time has come for us to reexamine
many of the questions that were assumed to have been answered. Clearly, ASCT remains an
effective therapy with known durability in terms of disease control, an aspect of the new
drugs that still needs to be defined. Meanwhile, it is clear that the new drugs cannot obviate
the need for ASCT in the majority of patients with multiple myeloma, considered transplant
eligible. The new drugs can, however, be incorporated into the treatment algorithm along
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with ASCT to improve the outcome of patients. These drugs will be used at all stages of the
disease management including initial therapy, as part of conditioning therapy and potentially
as consolidation or maintenance therapy after ASCT. In addition, it offers patients the option
of delaying ASCT to later in the course of the disease. Finally, the role of allo-SCT still
remains to be defined, and some of the recently completed trials will allow us to enhance our
understanding.
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Figure 1. Decision tree for treatment approach in patients with newly diagnosed myeloma
considered eligible for autologous stem cell transplantation
ASCT, autologous stem cell transplantation; FISH, fluorescence in-situ hybridization;
VGPR, very good partial response.
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