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Introduction
High-dose therapy (HDT) followed by autolo-
gous stem-cell transplantation (ASCT) has been 
the standard of care for eligible multiple myeloma 
(MM) patients for over two decades.1 A study by 
the Intergroupe Francais Du Myelome (IFM) 
group published in 1996 showed that ASCT 
improved 5-year overall survival rates (OS) com-
pared with conventional chemotherapy alone 
(52% versus 12%, p = 0.03), at a time when the 
median OS for MM using conventional chemo-
therapy was approximately 3 years.2 In the early 
2000s, a multicenter study by the Medical 
Research Council (MRC) of the United Kingdom 
showed that ASCT increased median survival by 
approximately 1 year (54.1 months versus 42.3 
months) when compared with traditional chemo-
therapy.3 The induction chemotherapy used in 
both studies were mainly alkylating agents, 
anthracyclines, and corticosteroids.2,3

MM treatment has advanced significantly over 
the last two decades following these landmark 
studies and the survival rate has significantly 
improved following the development of novel 
agents.4,5 Combinations of proteasome inhibitor 
(PI) and immunomodulatory agents (IMiD) as 
induction therapy have been proved to be well 
tolerated and effective6–10 and have been widely 
used in the United States and Europe. Over the 
last 5 years, many potent novel agents have been 
approved and have improved our ability to achieve 
improved responses.10–12

This review will discuss the role of ASCT in the 
current MM treatment landscape, the current 
practice of ASCT, including the use of consolida-
tion and maintenance therapy post-ASCT, and 
the role of tandem ASCT and allogeneic stem-
cell transplantation in MM.
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Abstract: High-dose therapy (HDT) and autologous stem-cell transplantation (ASCT) has 
historically been an essential part of multiple myeloma (MM) management since early 
studies demonstrated its efficacy in relapsed disease, and subsequent phase III trials 
demonstrated better responses and improved survival with this modality compared with 
standard chemotherapy. With further advances in the MM treatment landscape, including 
the development of potent novel agents, there has been an increasing debate around various 
aspects of ASCT, including the optimal timing, role of single versus tandem ASCT, and the 
practice of consolidation and maintenance therapy post-ASCT. Routine incorporation of 
the novel agents at each of the treatment phases, induction, consolidation when used, and 
maintenance has led to better responses as reflected by increasing rates of minimal residual 
disease (MRD) negativity, longer progression-free survival (PFS) with improvement in overall 
survival (OS) and in some of the trials. The phase III trials over the last decade have provided 
significant clarity on the current approach, and have raised important questions regarding the 
applicability of this modality in all patients. This review aims to summarize the latest literature 
in the field and discusses how these findings impact the practice of ASCT today.
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The role of upfront ASCT in MM treatment 
landscape in the current era of novel agents

ASCT remains an important part of MM 
treatment in the current era of novel agents
In line with the continued improvement of 
 outcomes with novel agents, the value of ASCT 
in the MM treatment model has been a topic of 
debate. A number of phase III studies have been 
performed over the last decade to address whether 
ASCT retains its relevance in the era of modern 
therapies (Table 1). A randomized, multicenter, 
phase III trial carried out by Gay and colleagues 
randomized patients to receive either  chemotherapy 
plus lenalidomide versus ASCT after  indu ction 
therapy with lenalidomide and dexamethasone 
showed significantly improved progression-free 
survival (PFS) with ASCT when compared with 
chemotherapy and lenalidomide (median PFS 
43.3 months versus 28.6 months, p < 0.0001).13 
Palumbo and colleagues demonstrated in an 
open-label, randomized, phase III study, that 
compared ASCT with melphalan–prednisone–
lenalidomide (MPR) following induction therapy 
with lenalidomide and dexamethasone, that both 
PFS and OS were significantly longer with ASCT 
than with MPR (median PFS 43.0 months versus 
22.4 months, p < 0.001, and 4-year OS, 81.6% 
versus 65.3%; p = 0.02).14 However, it is  important 
to note that these studies did not include a PI as 

induction therapy triplet or consolidation that is 
the current standard of care. The EMN02/HO95 
randomized, phase III study showed that when 
compared with bortezomib–melphalan–pred-
nisone (VMP) dose-intensification, ASCT fol-
lowing bortezomib-based induction treatment 
was associated with improved PFS.15

A large randomized, open-label, phase III trial 
carried out by the IFM group randomized patients 
to receive induction therapy with three cycles of 
bortezomib, lenalidomide, and dexamethasone 
(VRD) and then consolidation therapy with either 
five additional cycles of VRD or ASCT followed 
by two additional cycles of VRD.16 Both groups 
received maintenance therapy with lenalidomide 
for 1 year.16 The ASCT group had significantly 
improved median PFS (50 months versus 36 
months; p < 0.001), the percentage of patients 
with a complete response (CR) (59% versus 48%, 
p = 0.03), and the percentage of patients who 
achieved minimal residual disease (MRD) nega-
tivity (79% versus 65%, p < 0.001), when com-
pared with the VRD group.16 There was, however, 
no difference in OS at 4 years.16 The findings of 
these phase III trials, demonstrate consistent ben-
efit in terms of higher response rates, degree of 
response, and improved PFS for ASCT com-
pared with the more contemporary therapies, has 
led to the current recommendation that continues 

Table 1. Phase III trials comparing regimens with and without ASCT.

Author Study design Patient population (with 
versus without ASCT)

Treatment regimen (with 
versus without ASCT)

PFS (with versus 
without ASCT)

OS (with versus 
without ASCT)

Gay et al.13 Randomized, 
phase III trial

256 patients (127 versus 
129), ⩽65 years old

RD × 4 and (ASCT versus 
RCD × 6) + R maintenance

Median PFS: 43.3 
months versus 28.6 
month (p < 0.0001)

4-year OS: 86% 
versus 73% 
(p = 0.004)

Palumbo 
et al.14

Randomized, 
phase III trial

273 patients (141 versus 
132), ⩽ 65 years old

RD × 4 and (ASCT versus 
MPR × 6) ± R maintenance

Median PFS 43.0 
months versus 22.4 
months; (p < 0.001)

4-year OS: 
81.6% versus 
65.3% (p = 0.02)

Cavo et al.15 Randomized, 
phase III trial

1192 patients (695 
versus 497), ⩽65 years 
old

Bortezomib-based 
induction x 3-4 + (ASCT 
vs VMP x 4) + (VRD vs 
no consolidation) + R 
maintenance

3-year  PFS: 64% 
vs 57% (P=0.002)

3-year OS: 
85% in both 
treatment arms

Attal et al.16 Randomized, 
phase III trial

700 patients (350 versus 
350), ⩽65 years old

VRD × 3 + (ASCT versus 
VRD × 5) + VRD × 2 + R 
maintenance

Median PFS (50 
months versus 36 
months; p < 0.001)

4-year OS: 81% 
versus 82% 
(p = 0.87)

ASCT, Autologous Stem-cell Transplant; EFS, event-free survival; MPR, melphalan–prednisone–lenalidomide; OS, overall survival; PAD, 
bortezomib, doxorubicin, and dexamethasone; PFS, progression-free survival; R, lenalidomide; RD, lenalidomide–dexamethasone; VAD, vincristine, 
doxorubicin, dexamethasone; VMP, bortezomib-melphalan-prednisone; VRD, bortezamib–lenalidomide–dexamethasone.
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to support the incorporation of ASCT into the 
MM treatment process.13

Early versus delayed ASCT in the current era 
of novel agents
The study results previously described show 
improved PFS and improved response with 
upfront ASCT and this remains a standard of care 
treatment for transplant-eligible newly diagnosed 
MM patients. The OS benefit, however, remains 
unclear. Therefore, there has been a considerable 
debate about the optimal timing of ASCT and the 
use of early versus delayed ASCT in newly diag-
nosed MM patients.

Before the introduction of novel agents Fermand 
and colleagues showed improved PFS and shorter 
duration of chemotherapy in early versus late 
ASCT in newly diagnosed MM patients, but no 
difference in OS.26 Despite the lack of OS benefit, 
however, findings by Fermand and colleagues 
demonstrated that early ASCT was associated 
with significant time without symptoms and tox-
icity of therapy (TwISST), therefore, making a 
compelling case for the continued use of ASCT 
early in the treatment regime.26 In addition, a 
meta-analysis by Koreth and colleagues of the 
early trials of ASCT in MM showed PFS benefit 
without OS benefit with early ASCT in newly 
diagnosed MM patients.27

In the era of novel agents, studies have shown 
that early ASCT was not associated with signifi-
cant OS benefit. Kumar and colleagues demon-
strated that in transplant-eligible MM patients 
receiving IMiD as initial therapy followed by early 
stem-cell mobilization, delayed ASCT resulted in 
similar OS when compared with early ASCT.28 
Dunavin and colleagues demonstrated that both 
early and delayed ASCT were viable options for 
MM patients receiving induction treatment with 
novel targeted therapies with no significant differ-
ence in OS.29 The IFM 2009 study, as previously 
described, showed improved PFS but not OS.16 A 
recently published systematic review and meta-
analysis confirmed that early ASCT has been 
associated with prolonged PFS, but not OS.30

These studies suggest that while early ASCT is 
likely to be associated with the best level of 
response and the most comprehensive disease 
control, delayed ASCT does not compromise OS 
and remains an option today with the introduction 

of novel agents if, for some personal or logistical 
reasons, upfront ASCT is not desired or is not fea-
sible. It is, however, important to note that because 
early ASCT is associated with longer PFS, it might 
be associated with longer treatment-free intervals, 
that might be important for patient's quality of 
life. Clear discussions between physicians and 
their patients about the advantages and disadvan-
tages of such an approach are important.

Tandem ASCT
Before the introduction of novel agents, tandem 
ASCT was used as part of a ‘total therapy’ regimen 
by the University of Arkansas group using multiregi-
men induction and tandem ASCT followed by inter-
feron maintenance that showed a progressive increase 
in CR rates with continuing therapy.31 A randomized 
trial carried out by the IFM group before novel agent 
induction therapy was available showed that when 
compared with a single ASCT, tandem ASCT 
improved OS among patients with MM, although 
this was restricted to patients who had not achieved a 
very good partial response (VGPR) after the first 
ASCT.32 Several other trials, performed before the 
introduction of novel agents, have shown event-free 
survival (EFS) but not OS benefit for tandem 
ASCT.32–34 This has led to a decline in the use of 
tandem ASCT, especially in the United States.

With the introduction of novel agents, there has 
been increased interest in the use of tandem 
ASCT for selected patients. An integrated analy-
sis of patient-level data from European studies 
showed the possible beneficial role of tandem 
ASCT in improving outcomes for newly diag-
nosed MM patients with poor prognosis, in par-
ticular, for those who failed to achieve CR with 
bortezomib as part of induction therapy and who 
had a high-risk cytogenetics profile such as 
t(4;14), deletion of 17p, or both, who had not 
achieved CR after induction therapy (5-year OS 
70% versus 17%).35 A consensus by the 
International Myeloma Working Group in 2016 
recommended HDT plus double ASCT for 
patients with high-risk cytogenetics.36

In recent years, there have been a number of 
phase III studies investigating this issue. The 
EMN02/HO95 study demonstrated that tandem 
ASCT was superior to single ASCT in terms of 
prolonged OS for the poor prognosis subgroups 
of patients with advanced Revised International 
Staging System (R-ISS) disease stage and 
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high-risk cytogenetic profile.15 An important 
caveat was that the induction therapy used in this 
trial was bortezomib–cyclophosphamide–dexa-
methasone rather than the PI-IMiD combination 
routinely used in the United States.15

In contrast, the recently published results of the 
prospective, randomized, phase III BMT–CTN 
0702 trial showed that second ASCT or additional 
consolidation with VRD following the first upfront 
ASCT did not improve PFS or OS in both stand-
ard and high-risk patients.37 The trial results rec-
ommended that single ASCT and lenalidomide 
maintenance should remain as the standard 
approach.37 Approximately half of the patients in 
this trial received VRD as induction therapy and 
were then distributed evenly in each arm. One of 
the arguments for the difference in result with the 
EMN02/HO95 trial has been the use of the more 
potent novel agent triplets used in the BMT–CTN 
study, often given for up to 12 cycles prior to 
transplant, might suggest that more potent or pro-
longed induction therapy could negate the benefit 
of intensive post-ASCT interventions including 
tandem ASCT or VRD consolidation. In addi-
tion, the BMT–CTN 0702 study, unlike the 
EMN02/H095 study, included patients with high 
β2 microglobulin in the high-risk arm, making it 
difficult to discern whether tandem ASCT would 
have a selected benefit in the specific subset of 
patients with high-risk cytogenetics.37

A 10-year follow-up of three randomized phase 
III studies following induction therapy with 
bortezomib-thal idomide-dexamethasone 
(VTD) or bortezomib–doxorubicin–dexameth-
asone (PAD) showed that tandem ASCT 
resulted in improved PFS [median: 47 versus 38 
months; hazard ratio (HR) 0.76, p = 0.0008] 
and OS (estimated 10-year probability: 58% 
versus 47%; HR 0.69, p = 0.0002) when com-
pared with single ASCT.38

In view of these conflicting results, the role of tan-
dem ASCT in MM remains unclear although it 
may be considered in patients with high-risk cytoge-
netics, in particular, those who did not receive a 
novel triplet combination or those with a lower 
than VGPR response following their first ASCT.

Current practice of ASCT in MM
There have been many advances in the field of 
ASCT that have affected the current practice of 

ASCT in MM. In this section, we will further 
describe the eligibility for ASCT, optimal induc-
tion therapy prior to ASCT, mobilization, stem-
cell collection, conditioning regimen for ASCT, 
and consolidation and maintenance therapy 
post-ASCT.

Eligibility for ASCT
Although most trials evaluating ASCT in MM his-
torically used an age cut-off of ⩽65 years old to 
select eligible patients, the number of patients under-
going ASCT in older age groups has significantly 
increased over the past years.39 Many studies have 
shown that age alone does not have any effect on the 
outcomes following ASCT in patients with MM.40–42 
An analysis of 946 MM patients aged ⩾70 years at 
ASCT by the Center for International Blood and 
Marrow Transplant Research (CIBMTR) showed 
that older subjects selected for ASCT obtained simi-
lar antimyeloma benefits without higher nonrelapse 
mortality, relapse rate, or PFS.42 A study of 207 
MM patients aged 70–76 years old at ASCT treated 
at the Mayo Clinic showed that ASCT was well tol-
erated and had noninferior PFS and OS when com-
pared with younger patients.41

Careful patient selection remains crucial and 
assessment of frailty and significant comorbidities 
play important roles in determining transplant 
eligibility. ASCT, in general, is avoided for 
patients with poor performance status or signifi-
cant cardiac failure.43 Renal impairment is, how-
ever, not an absolute contraindication to ASCT. 
In a large database study, ASCT was observed to 
be well tolerated in patients with moderate and 
severe renal impairment at the time of ASCT.44 A 
retrospective registry evaluation suggested that a 
higher score of hematopoietic stem-cell trans-
plant co-morbidity index (HCT-CI) score typi-
cally used for allogeneic stem-cell transplantation 
(allo-SCT), was associated with inferior OS in 
ASCT for MM45 and might be used to help with 
ASCT eligibility assessment.

Induction therapy prior to ASCT
For the transplant-eligible MM patients, previous 
studies have shown that melphalan can impair the 
yield of stem-cell collection and should be avoided 
as part of induction therapy.46,47 Following the 
introduction of novel agents, a triplet regimen is 
the current standard of care based on the trials 
demonstrating that a triplet was better than a 
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doublet regimen.9,48,49 The VRD combination 
was shown to be effective compared with the 
lenalidomide/dexamethasone (Rd) doublet both 
in terms of PFS and OS in a large phase III 
trial9,16,48 and is currently the regimen of choice 
for induction therapy for transplant-eligible MM 
patients in the United States. In addition, the 
combination of PI and IMiD has proved to be 
superior to the combination of PI and cyclophos-
phamide in terms of the level of response, 
although it may come at a higher rate of toxicity 
in the context of thalidomide.8,10,48

With the increasing approval of more novel agents 
that could soon be used upfront, carfilzomib and 
daratumumab are potentially an important part 
of induction therapy prior to ASCT. The FORTE 
trial showed that the carfilzomib, lenalidomide, 
and dexamethasone combination is a potential 
induction therapy prior to ASCT to achieve an 
increased response and in 95% of cases, stem-
cells could be collected successfully following 
treatment.10 The Cassiopeia trial explored the 
addition of daratumumab to VTD therapy and 
demonstrated increased responses, higher MRD 
negativity, and improved PFS of the quadruplet 
therapy compared with the triplet therapy.50 The 
phase II Griffin trial showed promising result 
with a (Daratumumab-VRD Dara–VRD) combi-
nation as the induction therapy prior to ASCT 
and that the inclusion of daratumumab as part of 
induction therapy did not negatively impact stem-
cells mobilization.51

With the widespread use of lenalidomide, it is 
important to note that the increased duration of 
lenalidomide therapy has been shown to be asso-
ciated with a decreased stem-cell collection 
yield52,53 Therefore, it is recommended that a 
peripheral blood stem-cell (PBSC) collection is 
carried out within 6 months of initiation of lena-
lidomide therapy to reduce stem-cell collection 
failure, particularly in older patients.52

The achievement of a high-quality response fol-
lowing induction therapy has been shown to be 
associated with extended PFS after ASCT.6,54 
However, the level of response with induction 
therapy prior to ASCT does not appear to affect 
survival outcome and is not a key determinant 
whether patients should proceed with ASCT. A 
study of ASCT recipients carried out between 
1995 and 2010 reported to the CIBMTR evaluat-
ing the level of response prior to ASCT showed 

that although additional therapy pre-ASCT for 
patients who achieved less than a (partial response 
PR) would deepen the response, it was not associ-
ated with survival benefit.55 In addition, a study of 
596 patients who underwent ASCT at the Mayo 
Clinic between 2007 and 2014 showed that pro-
longing the duration of induction therapy beyond 
4 months prior to ASCT did not impact survival.56 
Because of these findings, it is common practice 
that there is a fixed duration of between 4 to 6 
months for induction therapy before proceeding 
to ASCT regardless of the level of response. A 
prospective trial evaluating the role of additional 
therapy with a different combination in patients 
failing to achieve a VGPR or better with induction 
therapy performed by the MRC demonstrated an 
improved PFS with the additional therapy without 
any impact on the post-ASCT OS.

Mobilization and stem-cell collection for 
ASCT
For ASCT, a minimum dose of 2 × 106 CD34+ 
cells/kg for a single transplant should be targeted 
and >3–4 × 106 CD34+ cells/kg is optimal for 
successful engraftment.57,58 Because the stem-cell 
yield is predicted to decrease along with more 
exposure to chemotherapy,46,47 or lenalidomide,52 
it is recommended to collect enough stem-cells 
for two or more ASCTs in case another ASCT is 
needed for tandem or salvage ASCT.59

The current practice of stem-cell collection 
involves collecting PBSC via apheresis after 
mobilization of hematopoietic stem-cells from 
bone marrow to the peripheral blood. Mobilization 
with granulocyte colony-stimulating factor 
(G-CSF) is commonly used and recent studies 
have shown that the addition of plerixafor, a 
CXCR4 antagonist, could improve stem-cell yield 
further.60,61 A common practice is to mobilize 
with G-CSF and if it is predicted that the stem-
cell yield is not enough based on the peripheral 
blood CD34+ measurement, or initial stem-cell 
apheresis count, plerixafor will be added.

Although the combination of G-CSF and plerix-
afor have been shown to be effective, plerixafor 
is expensive and might not be readily available. 
Other options for mobilization include chemo-
mobilization.62 For chemomobilization, to the 
best of our knowledge, there is no standard 
mobilization regimen, although high-dose cyclo-
phosphamide is commonly used.63 Combinations 
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of vinorelbine and cyclophosphamide (Vino-Cy) 
have proved to be effective with shorter times to 
achieve adequate stem-cell yield and less toxicity 
when compared with high-dose cyclophospha-
mide, however, with a slightly lower stem-cell 
collection yield.64 Other regimens including cyt-
arabine plus G-CSF have been shown to result 
in better stem-cell yield than G-CSF alone65 or 
cyclophosphamide plus G-CSF.66 Patients can 
also be collected successfully on the rebound 
from intense chemotherapy when regimens like 
VDT PACE are employed for treatment of the 
disease. Despite the high cost of plerixafor, it is 
potentially cost-effective because of increased 
yield and reduced toxicities, therefore, reducing 
the need for additional G-CSF use and 
hospitalization.67

Conditioning regimen for ASCT
HDT with melphalan 200 mg/m2 remains the 
standard conditioning regimen and studies have 
shown that this dose is associated with the opti-
mal balance between efficacy and toxicity. A pro-
spective, multicenter phase III study by Palumbo 
and colleagues showed that melphalan 200 mg/
m2 was associated with longer median PFS and 
median time to progression (TTP) when com-
pared with melphalan 100 mg/m2, although no 
difference in OS was noted.68 The EBMT 
Chronic Malignancies Working Party in the 
Collaboration To Collect Autologous Transplant 
Outcomes In Lymphoma And Myeloma (CALM) 
study reported that there was improved PFS, OS, 
and relapse rate with melphalan 200 mg/m2 in 
patients transplanted in less than partial response 
when compared with melphalan 140 mg/m2.69 
The IFM 9502 randomized trial showed that 
melphalan 200 mg/m2 is less toxic and as effective 
as 8 Gy total body irradiation with melphalan 140 
mg/m2 as a conditioning regimen.70 In contrast, 
higher doses of melphalan at 280 mg/m2 have not 
been shown to improve survival.71,72

A few other combinations of conditioning regi-
men have been evaluated. A phase II trial with a 
matched-pair comparison of high-dose gemcit-
abine, busulfan, and melphalan when compared 
with melphalan alone showed that this combina-
tion was associated with improved PFS and OS 
but at the expense of greater toxicities.73 A phase 
III study of the IFM group (IFM 2014-02) evalu-
ating bortezomib and high-dose melphalan versus 

high-dose melphalan alone showed no difference 
in CR rate, PFS, and OS.74 Another study showed 
that a busulfan–melphalan combination was 
effective and tolerated with an overall response 
(OR) rate after ASCT of 94.0%, including 43.5% 
with a stringent CR, 27.3% with VGPR, and 
23.2% with partial response.75 In addition, when 
compared with melphalan alone, it has been 
shown to improve PFS but no difference in OS, 
however, median follow-up remains too short at 
28.1 months.76

Melphalan dose was recommended to be adjusted 
to 140 mg/m2 for significant renally impaired or 
dialysis-dependent patients.77 In elderly patients, 
although melphalan 200 mg/m2 has been shown 
to be well tolerated and effective,78 careful patient 
selection is crucial. A dose reduction of melpha-
lan to 140 mg/m2 should be based on careful 
assessment of frailty and comorbidities rather 
than on age alone.41 The lower dose of melphalan 
in older patients and in those with renal insuffi-
ciency does not appear to compromise the effi-
cacy of the approach.

Consolidation therapy Post-ASCT
Several studies have shown that consolidation 
therapy after ASCT improved the level of response 
and PFS, however, no OS benefit has been 
shown.79–81 The evaluation of consolidation fol-
lowed by maintenance therapy versus maintenance 
therapy alone in newly diagnosed, transplant-eli-
gible MM patients in the randomized phase III 
EMN02/HO95 trial showed improved PFS with 
VRD consolidation across most predefined sub-
groups, but not in patients with high-risk cytoge-
netics.82 As previously described, the recently 
published result of a prospective, randomized, 
phase III BMT–CTN 0702 trial showed that con-
solidation with VRD as post-ASCT intervention 
did not improve PFS or OS in both standard and 
high-risk patients. The number of patients with 
CR and sCR (stringent CR) at enrolment were 
similar in each arm. Currently, routine use of con-
solidation therapy post-ASCT cannot be recom-
mended. It remains an option for patients who 
have not had optimal response post-ASCT.

Maintenance therapy post-ASCT
Maintenance therapy post-ASCT has now been 
recognized as an integral part of MM therapy in 
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view of the incurable nature of MM and its ability 
to prolong the duration of remission. Importantly, 
a pooled analysis of the GIMEMA-MM-03-05 
and RV-MM-PI-209 trials showed that even in 
patients with CR, maintenance therapy signifi-
cantly improved PFS and OS.83 A meta-analysis 
carried out by Munshi and colleagues. showed 
that thalidomide and lenalidomide maintenance 
therapies were able to improve the rate of MRD 
negativity and that MRD negativity itself was 
associated with long-term survival.84 A summary 
of the trials evaluating maintenance therapy in 
MM is listed in Table 2.

Thalidomide
Although some studies have shown that mainte-
nance treatment with thalidomide improves out-
comes, its high rate of adverse events has 
precluded it from routine use.17–19 A randomized 
phase III trial of thalidomide and prednisone as 
maintenance therapy after ASCT by the National 
Cancer Institute of Canada Clinicals Trials 
Group Myeloma 10 Trial showed that mainte-
nance therapy with thalidomide–prednisone after 
ASCT improved the duration of disease control, 
but without OS benefit.20 However, patients allo-
cated to thalidomide–prednisone experienced 
lower health-related quality of life scores for 
global, cognitive, role function domains, and for 
many symptoms, including dyspnea, constipa-
tion, thirst, swelling in the legs, numbness, dry 
mouth, and balance problems.20 This has also 
been observed in real-world clinical practice 
where continuous thalidomide is generally poorly-
tolerated because of adverse symptoms. Of note, 
some studies have suggested that patients with 
high-risk MM may actually have worse response 
rates with thalidomide therapy.17,19,85

Lenalidomide
Lenalidomide has gained extensive evaluation as 
maintenance therapy in view of its relatively toler-
able side effect profile as compared with thalido-
mide. Multiple randomized controlled trials 
(RCTs) have shown improved outcomes with 
lenalidomide maintenance therapy and it is cur-
rently used routinely as maintenance therapy 
post-ASCT.21,22

The IFM group conducted a phase III, placebo-
controlled trial to investigate the efficacy of 

lenalidomide maintenance therapy after ASCT. 
Patients were randomly assigned to maintenance 
therapy with either lenalidomide or placebo until 
relapse. This trial showed that lenalidomide 
maintenance therapy improved median PFS (41 
months, versus 23 months; p < 0.001), but with 
no OS benefit at 4 years.21

The Cancer and Leukemia Group B (CALGB) 
study which randomly assigned patients after 
ASCT to lenalidomide or placebo until disease 
progression, showed improved PFS in the lena-
lidomide group [46 months versus 27 months 
(p < 0.001)], which translated into improved OS 
at 3 years (88% versus 80%).22

The GIMEMA study carried out by Palumbo 
and colleagues was an open-label, randomized, 
phase III study that included the evaluation of 
lenalidomide maintenance therapy until disease 
progression or unacceptable side effects versus no 
maintenance therapy in patients with newly diag-
nosed MM.14 This study showed that mainte-
nance therapy with lenalidomide, when compared 
with no maintenance, was associated with a sig-
nificantly reduced risk of disease progression or 
death (HR 0.47) and the most appropriate treat-
ment strategy in this trial (induction therapy fol-
lowed by high-dose melphalan and lenalidomide 
maintenance) was associated with a 5-year rate of 
PFS from the time of diagnosis of approximately 
48% and an OS rate of 78% among all patients.14

A meta-analysis combining the above three RCTs 
showed a significant OS benefit and confirmed 
the PFS benefit with lenalidomide maintenance 
after ASCT in patients with newly diagnosed 
MM when compared with placebo or observa-
tion.86 However, patients with ISS stage III and 
patients with high-risk cytogenetics did not expe-
rience an OS benefit.86

Patients with a VGPR or better after ASCT had 
more favorable outcomes with lenalidomide main-
tenance and patients who received lenalidomide-
based induction therapy had the most favorable OS 
benefit.86 There was an increased risk of hemato-
logic and solid tumor secondary primary malignan-
cies (SPM) with lenalidomide maintenance when 
compared with placebo or observation (5.3–5.8% 
in the lenalidomide group).86 However, the overall 
risk of developing MM disease progression was 
greater than that of developing an SPM.86 The 
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mean duration of lenalidomide maintenance was 2 
years in the IFM study, 2.5 years for the CALGB 
study and 3 years for the GIMEMA study.86 
Another systematic review and network meta-anal-
ysis showed a HR in favor of maintenance therapy 
and by OS analysis, and lenalidomide was identi-
fied as the best option.87

Following these studies, another recently pub-
lished study, the Myeloma XI trial showed that 
lenalidomide maintenance therapy significantly 
improved PFS in patients with newly diagnosed 
MM when compared with observation (median 
PFS 39 versus 20 months), but with no OS bene-
fit.23 This trial included both transplant-eligible 
and ineligible patients.23 A prespecified subgroup 
analysis suggested that continuous lenalidomide 
improved OS in transplant-eligible patients but 
not in transplant-ineligible patients.23 In contrast 
with the previous meta-analysis, the Myeloma XI 
trial demonstrated improved PFS with lenalido-
mide maintenance versus observation in patients 
with high-risk cytogenetics.23

Bortezomib
With the meta-analysis previously showing that 
lenalidomide does not have OS benefit for high-
risk patients, some centers have been using bort-
ezomib maintenance for high-risk patients 
because previous studies have shown that it was 
effective in them.24,88,89

The IFM 2005-01 phase III trial showed that bort-
ezomib plus dexamethasone was effective in high-
risk patients, including patients with ISS stage III 
disease and high-risk cytogenetic abnormalities.88

The initial report of the Dutch–Belgian Cooperative 
Trial Group for Hematology Oncology Group-65/
German-speaking Myeloma Multicenter 
Group-HD4 (HOVON-65/GMMG-HD4) phase 
III trial comparing vincristine, doxorubicin, and 
dexamethasone (VAD) or bortezomib, doxoru-
bicin, and dexamethasone (PAD) followed by 
high-dose melphalan and ASCT, and subsequent 
maintenance therapy with thalidomide (VAD) or 
bortezomib (PAD) for 2 years, showed that borte-
zomib resulted in a superior outcome in patients 
with increased serum creatinine.24 In patients with 
del(17p13)90 and del(13q14), the bortezomib arm 
had significantly better outcomes than the com-
parison arm.24 In addition, the bortezomib arm 

achieved better results in patients with t(4;14), 
although it did not reach statistical significance.24 
The long-term results published in 2018 showed 
similar results.89 Bortezomib use was associated 
with improved outcomes in renal impairment and 
the effect of del(17p13) was abrogated in the bort-
ezomib arm.89 With regard to t(4;14), similarly, 
patients with the bortezomib arm showed improved 
OS compared with the comparison group, but the 
negative effect was not fully abrogated.89 However, 
cytotoxic agents were used as the induction regi-
men, making the applicability of this result 
questionable.89

Ixazomib
Because bortezomib has to be administered par-
enterally, ixazomib, an oral PI is, in particular, an 
attractive maintenance therapy. The recently pub-
lished phase III Tourmaline–MM3 trial showed 
that maintenance therapy with ixazomib signifi-
cantly prolonged PFS following ASCT in newly 
diagnosed MM patients with a 28% reduction in 
the risk of progression/death with ixazomib versus 
placebo (median 26.5 versus 21.3 months).25 An 
important finding is that the PFS benefit was seen 
across all subgroups, including patients with ISS 
stage III (HR 0.661), high-risk cytogenetics (HR 
0.625), PI-exposed (HR 0.750), and PI-naïve 
(HR 0.497) patients. It was shown to be well tol-
erated with a low rate of discontinuation.25

Salvage ASCT
For transplant-eligible patients who do not 
receive upfront ASCT, ASCT as part of salvage 
therapy is highly recommended.91 Studies have 
shown that salvage ASCT after relapse from 
first ASCT is a feasible option,92,93 especially in 
patients who had a TTP of at least 12–18 
months after their first ASCT.91,93 The long-
term follow-up results of the British Society of 
Bone Marrow Transplantation/UK Myeloma 
Forum (BSBMT/UKMF) Myeloma X Relapse 
(Intensive) trial supported the benefit of sal-
vage ASCT, including after second relapse.92 
Of note, the benefit of salvage ASCT was 
reduced in high-risk cytogenetics group.92 With 
the development of newer potent novel agents 
and Chimeric Antigen Receptor (CAR) T-cell 
therapy for relapsed/refractory MM, a rand-
omized trial is required to evaluate the role of 
salvage ASCT.
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A phase III randomized controlled multicenter 
trial from the German-speaking Myeloma 
Multicenter Group (GMMG), the ReLApsE 
trial, compared standard continuous Rd (arm A) 
with Rd re-induction, salvage ASCT and lenalid-
omide (R) maintenance (arm B) in an intention-to-
treat analyses and showed that there were no 
significant differences in median PFS (18.8 
months in arm A versus 20.7 months in arm B; 
HR 0.87; CI 95% 0.65–1.16; p = 0.34) and OS 
(62.7 months in arm A versus not reached in arm 
B; HR 0.81; CI 95% 0.52–1.28; p = 0.37).94 One 
important caveat was that 29.5% of patients in 
arm B did not receive the planned ASCT.94 An 
exploratory landmark performed achieved 
[median interval from randomization to HDT/Rd 
cycle 5: 117/122 days; n = 103(B)/114(A)] 
showed a trend toward superior PFS (23.3 versus 
20.1 months; HR 0.74; p = 0.09) and significantly 
superior OS (not reached versus 57 months; HR 
0.56; p = 0.046) in arm B versus A.94 A subgroup 
analysis evaluating the benefit of PFS, OS, or 
both from ASCT showed improved outcomes in 
patients with front-line ASCT and patients with 
low risk according to Lactate Dehydrogenase 
(LDH), cytogenetics, and R-ISS.95

Allogeneic stem-cell transplantation
Studies have shown conflicting results regarding 
the benefit of allo-SCT in MM. The IFM 99-03 
and 99-04,96 PETHEMA,97 Hovon,98 and BMT–
CTN99 studies showed no significant difference 
in survival between tandem autologous-allogeneic 
SCT and ASCT only. The Italian100,101 and 
EBMT102,103 studies showed that OS were 
improved in the tandem autologous-allogeneic 
SCT groups. A meta-analysis of six clinical trials 
in newly diagnosed MM patients showed that 
allo-SCT was associated with higher transplant-
related mortality and CR rate without improve-
ment in PFS or OS.104 In view of the conflicting 
data and availability of potent novel agents today, 
allo-SCT is only reserved for special circum-
stances, for example, when there are no other bet-
ter options in young patients with high-risk 
disease or as part of prospective clinical trials.

Conclusion
We have come a long way with multiple strategies 
in incorporating stem-cell transplantation for 
MM treatment and, to date, it remains a key 
component in the current MM treatment 

landscape. With the emerging development of 
potent novel agents and immunotherapy includ-
ing CAR-T cell therapy, further prospective clini-
cal trials are required to evaluate the most 
appropriate treatment strategies when managing 
MM patients.

Funding
The author(s) received no financial support for 
the research, authorship, and/or publication of 
this article.

Conflict of interest statement
The author(s) declare that there are no conflicts 
of interest.

ORCID iDs
Cinnie Y. Soekojo  https://orcid.org/0000-0001- 
8376-8872

Shaji K. Kumar  https://orcid.org/0000-0001- 
5392-9284

References
 1. Costa LJ, Zhang MJ, Zhong X, et al. Trends 

in utilization and outcomes of autologous 
transplantation as early therapy for multiple 
myeloma. Biol Blood Marrow Transplant 2013; 
19: 1615–1624.

 2. Attal M, Harousseau JL, Stoppa AM, et al. A 
prospective, randomized trial of autologous 
bone marrow transplantation and chemotherapy 
in multiple myeloma. Intergroupe Francais du 
Myelome. N Engl J Med 1996; 335: 91–97.

 3. Child JA, Morgan GJ, Davies FE, et al. High-
dose chemotherapy with hematopoietic stem-
cell rescue for multiple myeloma. N Engl J Med 
2003; 348: 1875–1883.

 4. Kumar SK, Dispenzieri A, Lacy MQ, et al. 
Continued improvement in survival in multiple 
myeloma: changes in early mortality and 
outcomes in older patients. Leukemia 2014; 28: 
1122–1128.

 5. Kumar SK, Rajkumar SV, Dispenzieri A, et al. 
Improved survival in multiple myeloma and 
the impact of novel therapies. Blood 2008; 111: 
2516–2520.

 6. Cavo M, Tacchetti P, Patriarca F, 
et al. Bortezomib with thalidomide plus 
dexamethasone compared with thalidomide plus 
dexamethasone as induction therapy before, and 
consolidation therapy after, double autologous 

https://journals.sagepub.com/home/tah
https://orcid.org/0000-0001-8376-8872
https://orcid.org/0000-0001-8376-8872
https://orcid.org/0000-0001-5392-9284
https://orcid.org/0000-0001-5392-9284


CY Soekojo and SK Kumar

journals.sagepub.com/home/tah 11

stem-cell transplantation in newly diagnosed 
multiple myeloma: a randomised phase 3 study. 
Lancet 2010; 376: 2075–2085.

 7. Cavo M, Pantani L, Pezzi A, et al. Bortezomib-
thalidomide-dexamethasone (VTD) is superior to 
bortezomib-cyclophosphamide-dexamethasone 
(VCD) as induction therapy prior to autologous 
stem-cell transplantation in multiple myeloma. 
Leukemia 2015; 29: 2429–2431.

 8. Moreau P, Hulin C, Macro M, et al. VTD is 
superior to VCD prior to intensive therapy in 
multiple myeloma: results of the prospective 
IFM2013-04 trial. Blood 2016; 127: 2569–2574.

 9. Durie BG, Hoering A, Abidi MH, et al. 
Bortezomib with lenalidomide and 
dexamethasone versus lenalidomide and 
dexamethasone alone in patients with newly 
diagnosed myeloma without intent for 
immediate autologous stem-cell transplant 
(SWOG S0777): a randomised, open-label, 
phase 3 trial. Lancet 2017; 389: 519–527.

 10. Francesca Gay CC, Delia Rota Scalabrini, 
et al. Carfilzomib-lenalidomide-dexamethasone 
(KRd) induction-autologous transplant 
(ASCT)-Krd consolidation Vs KRd 12 
cycles Vs carfilzomib-cyclophosphamide-
dexamethasone (KCd) induction-ASCT-KCd 
consolidation: analysis of the randomized forte 
trial in newly diagnosed multiple myeloma 
(NDMM). Blood 2018; 130(Suppl. 1): 398.

 11. Mateos MV, Dimopoulos MA, Cavo M, et al. 
Daratumumab plus bortezomib, melphalan, and 
prednisone for untreated myeloma. N Engl J 
Med 2018; 378: 518–528.

 12. Kumar SK, Berdeja JG, Niesvizky R, et al. 
Ixazomib, lenalidomide, and dexamethasone in 
patients with newly diagnosed multiple myeloma: 
long-term follow-up including ixazomib 
maintenance. Leukemia 2019; 33: 1736–1746.

 13. Gay F, Oliva S, Petrucci MT, et al. 
Chemotherapy plus lenalidomide versus 
autologous transplantation, followed 
by lenalidomide plus prednisone versus 
lenalidomide maintenance, in patients with 
multiple myeloma: a randomised, multicentre, 
phase 3 trial. Lancet Oncol 2015; 16: 1617–1629.

 14. Palumbo A, Cavallo F, Gay F, et al. Autologous 
transplantation and maintenance therapy in 
multiple myeloma. N Engl J Med 2014; 371: 
895–905.

 15. Cavo M, Hájek R, Pantani L, et al. Autologous 
stem-cell transplantation versus bortezomib-
melphalan-prednisone for newly diagnosed 

multiple myeloma: second interim analysis of 
the phase 3 EMN02/HO95 study. Blood 2017; 
130: 397–397.

 16. Attal M, Lauwers-Cances V, Hulin C, et al. 
Lenalidomide, bortezomib, and dexamethasone 
with transplantation for myeloma. N Engl J Med 
2017; 376: 1311–1320.

 17. Attal M, Harousseau J-L, Leyvraz S, et al. 
Maintenance therapy with thalidomide 
improves survival in patients with multiple 
myeloma. Blood 2006; 108: 3289–3294.

 18. Spencer A, Prince HM, Roberts AW, 
et al. Consolidation therapy with low-dose 
thalidomide and prednisolone prolongs 
the survival of multiple myeloma patients 
undergoing a single autologous stem-cell 
transplantation procedure. J Clin Oncol 2009; 
27: 1788–1793.

 19. Morgan GJ, Gregory WM, Davies FE, et al. 
The role of maintenance thalidomide therapy in 
multiple myeloma: MRC Myeloma IX results 
and meta-analysis. Blood 2012; 119: 7–15.

 20. Stewart AK, Trudel S, Bahlis NJ, et al. A 
randomized phase 3 trial of thalidomide and 
prednisone as maintenance therapy after ASCT 
in patients with MM with a quality-of-life 
assessment: the National Cancer Institute of 
Canada Clinicals Trials Group Myeloma 10 
Trial. Blood 2013; 121: 1517–1523.

 21. Attal M, Lauwers-Cances V, Marit G, et al. 
Lenalidomide maintenance after stem-cell 
transplantation for multiple myeloma. N Engl J 
Med 2012; 366: 1782–1791.

 22. McCarthy PL, Owzar K, Hofmeister CC, et al. 
Lenalidomide after stem-cell transplantation 
for multiple myeloma. N Engl J Med 2012; 366: 
1770–1781.

 23. Jackson GH, Davies FE, Pawlyn C, et al. 
Lenalidomide maintenance versus observation 
for patients with newly diagnosed multiple 
myeloma (Myeloma XI): a multicentre, open-
label, randomised, phase 3 trial. Lancet Oncol 
2019; 20: 57–73.

 24. Sonneveld P, Schmidt-Wolf IG, van der Holt 
B, et al. Bortezomib induction and maintenance 
treatment in patients with newly diagnosed 
multiple myeloma: results of the randomized 
phase III HOVON-65/ GMMG-HD4 trial. 
J Clin Oncol 2012; 30: 2946–2955.

 25. Dimopoulos MA, Gay F, Schjesvold F, 
et al. Oral ixazomib maintenance following 
autologous stem-cell transplantation 
(TOURMALINE-MM3): a double-blind, 

https://journals.sagepub.com/home/tah


Therapeutic Advances in Hematology 10

12 journals.sagepub.com/home/tah

randomised, placebo-controlled phase 3 trial. 
Lancet 2019; 393: 253–264.

 26. Fermand JP, Ravaud P, Chevret S, et al. High-
dose therapy and autologous peripheral blood 
stem-cell transplantation in multiple myeloma: 
up-front or rescue treatment? Results of a 
multicenter sequential randomized clinical trial. 
Blood 1998; 92: 3131–3136.

 27. Koreth J, Cutler CS, Djulbegovic B, et al. 
High-dose therapy with single autologous 
transplantation versus chemotherapy for newly 
diagnosed multiple myeloma: a systematic 
review and meta-analysis of randomized 
controlled trials. Biol Blood Marrow Transplant 
2007; 13: 183–196.

 28. Kumar SK, Lacy MQ, Dispenzieri A, et al. 
Early versus delayed autologous transplantation 
after immunomodulatory agents-based 
induction therapy in patients with newly 
diagnosed multiple myeloma. Cancer 2012; 118: 
1585–1592.

 29. Dunavin NC, Wei L, Elder P, et al. Early versus 
delayed autologous stem-cell transplant in 
patients receiving novel therapies for multiple 
myeloma. Leukemia Lymphoma 2013; 54: 
1658–1664.

 30. Jain T, Sonbol MB, Firwana B, et al. High-dose 
chemotherapy with early autologous stem-
cell transplantation compared with standard 
dose chemotherapy or delayed transplantation 
in patients with newly diagnosed multiple 
myeloma: a systematic review and meta-
analysis. Biol Blood Marrow Transplant 2019; 25: 
239–247.

 31. Barlogie B, Jagannath S, Desikan KR, et al. 
Total therapy with tandem transplants for newly 
diagnosed multiple myeloma. Blood 1999; 93: 
55–65.

 32. Attal M, Harousseau J-L, Facon T, et al. 
Single versus double autologous stem-cell 
transplantation for multiple myeloma. N Engl J 
Med 2003; 349: 2495–2502.

 33. Cavo M, Tosi P, Zamagni E, et al. Prospective, 
randomized study of single compared with 
double autologous stem-cell transplantation for 
multiple myeloma: Bologna 96 clinical study. 
J Clin Oncol 2007; 25: 2434–2441.

 34. Sonneveld P, van der Holt B, Segeren CM, 
et al. Intermediate-dose melphalan compared 
with myeloablative treatment in multiple 
myeloma: long-term follow-up of the Dutch 
Cooperative Group HOVON 24 trial. 
Haematologica 2007; 92: 928–935.

 35. Salwender H, Rosiñol L, Moreau P, et al. Double 
vs single autologous stem-cell transplantation 
after bortezomib-based induction regimens 
for multiple myeloma: an integrated analysis 
of patient-level data from phase European III 
studies. Blood 2013; 122: 767–767.

 36. Sonneveld P, Avet-Loiseau H, Lonial S, et al. 
Treatment of multiple myeloma with high-risk 
cytogenetics: a consensus of the International 
Myeloma Working Group. Blood 2016; 127: 
2955–2962.

 37. Stadtmauer EA, Pasquini MC, Blackwell B, 
et al. Autologous transplantation, consolidation, 
and maintenance therapy in multiple myeloma: 
results of the BMT CTN 0702 trial. J Clin 
Oncol 2019; 37: 589–597.

 38. Cavo M, Goldschmidt H, Rosinol L, et al. 
Double vs single autologous stem-cell 
transplantation for newly diagnosed multiple 
myeloma: long-term follow-up (10-Years) 
analysis of randomized phase 3 studies. Blood 
2018; 132: 124–124.

 39. Auner HW, Szydlo R, Hoek J, et al. Trends in 
autologous hematopoietic cell transplantation 
for multiple myeloma in Europe: increased use 
and improved outcomes in elderly patients in 
recent years. Bone Marrow Transplant 2015; 50: 
209–215.

 40. Dhakal B, Nelson A, Guru Murthy GS, et al. 
Autologous hematopoietic cell transplantation 
in patients with multiple myeloma: effect of 
age. Clin Lymphoma Myeloma Leuk 2017; 17: 
165–172.

 41. Muchtar E, Dingli D, Kumar S, et al. 
Autologous stem-cell transplant for multiple 
myeloma patients 70 years or older. Bone 
Marrow Transplant 2016; 51: 1449.

 42. Sharma M, Zhang MJ, Zhong X, et al. Older 
patients with myeloma derive similar benefit 
from autologous transplantation. Biol Blood 
Marrow Transplant 2014; 20: 1796–1803.

 43. Mahajan S, Tandon N and Kumar S. The 
evolution of stem-cell transplantation in 
multiple myeloma. Ther Adv Hematol 2018; 9: 
123–133.

 44. Mahindra A, Hari P, Fraser R, et al. Autologous 
hematopoietic cell transplantation for multiple 
myeloma patients with renal insufficiency: a 
center for international blood and marrow 
transplant research analysis. Bone Marrow 
Transplant 2017; 52: 1616–1622.

 45. Saad A, Mahindra A, Zhang MJ, et al. 
Hematopoietic cell transplant comorbidity 

https://journals.sagepub.com/home/tah


CY Soekojo and SK Kumar

journals.sagepub.com/home/tah 13

index is predictive of survival after autologous 
hematopoietic cell transplantation in multiple 
myeloma. Biol Blood Marrow Transplant 2014; 
20: 402–408.e401.

 46. Boccadoro M, Palumbo A, Bringhen S, et al. 
Oral melphalan at diagnosis hampers adequate 
collection of peripheral blood progenitor cells 
in multiple myeloma. Haematologica 2002; 87: 
846–850.

 47. Tricot G, Jagannath S, Vesole D, et al. 
Peripheral blood stem-cell transplants for 
multiple myeloma: identification of favorable 
variables for rapid engraftment in 225 patients. 
Blood 1995; 85: 588–596.

 48. Chakraborty R, Muchtar E, Kumar S, et al. 
The impact of induction regimen on transplant 
outcome in newly diagnosed multiple myeloma 
in the era of novel agents. Bone Marrow 
Transplant 2017; 52: 34–40.

 49. Moreau P, Avet-Loiseau H, Facon T, et al. 
Bortezomib plus dexamethasone versus 
reduced-dose bortezomib, thalidomide plus 
dexamethasone as induction treatment before 
autologous stem-cell transplantation in newly 
diagnosed multiple myeloma. Blood 2011; 118: 
5752–5758; quiz 5982.

 50. Moreau P, Attal M, Hulin C, et al. Bortezomib, 
thalidomide, and dexamethasone with or 
without daratumumab before and after 
autologous stem-cell transplantation for newly 
diagnosed multiple myeloma (CASSIOPEIA): 
a randomised, open-label, phase 3 study. Lancet 
2019; 394: 29–38.

 51. Peter M. Voorhees CR, Reeves Brandi, et al. 
Efficacy and updated safety analysis of a 
safety run-in cohort from griffin, a phase 2 
randomized study of daratumumab (Dara), 
bortezomib (V), lenalidomide (R), and 
dexamethasone (D; Dara-Vrd) Vs. Vrd in 
patients (Pts) with newly diagnosed (ND) 
multiple myeloma (MM) eligible for high-
dose therapy (HDT) and autologous stem-
cell transplantation (ASCT). Abstract #151 
Presented at the 2018 ASH Annual Meeting, 1 
December 2018, San Diego, CA.

 52. Kumar S, Dispenzieri A, Lacy MQ, et al. 
Impact of lenalidomide therapy on stem-cell 
mobilization and engraftment post-peripheral 
blood stem-cell transplantation in patients with 
newly diagnosed myeloma. Leukemia 2007; 21: 
2035–2042.

 53. Popat U, Saliba R, Thandi R, et al. Impairment 
of filgrastim-induced stem-cell mobilization 
after prior lenalidomide in patients with 

multiple myeloma. Biol Blood Marrow Transplant 
2009; 15: 718–723.

 54. Moreau P, Attal M, Pégourié B, et al. 
Achievement of VGPR to induction therapy is 
an important prognostic factor for longer PFS 
in the IFM 2005-01 trial. Blood 2011; 117: 
3041–3044.

 55. Vij R, Kumar S, Zhang MJ, et al. Impact of 
pretransplant therapy and depth of disease 
response before autologous transplantation for 
multiple myeloma. Biol Blood Marrow Transplant 
2015; 21: 335–341.

 56. Chakraborty R, Muchtar E, Kumar SK, et al. 
Impact of duration of induction therapy on 
survival in newly diagnosed multiple myeloma 
patients undergoing upfront autologous stem-
cell transplantation. Br J Haematol 2018; 182: 
71–77.

 57. Bensinger W, Appelbaum F, Rowley S, 
et al. Factors that influence collection and 
engraftment of autologous peripheral-blood 
stem-cells. J Clin Oncol 1995; 13: 2547–2555.

 58. Duong HK, Savani BN, Copelan E, et al. 
Peripheral Blood Progenitor Cell Mobilization 
for Autologous and Allogeneic Hematopoietic 
Cell Transplantation: Guidelines from the 
American Society for Blood and Marrow 
Transplantation. Biol Blood Marrow Transplant 
2014; 20: 1262–1273.

 59. Mikhael J, Ismaila N, Cheung MC, et al. 
Treatment of Multiple Myeloma: ASCO and 
CCO Joint Clinical Practice Guideline. J Clin 
Oncol 2019: Jco1802096.

 60. DiPersio JF, Micallef IN, Stiff PJ, et al. 
Phase III prospective randomized double-
blind placebo-controlled trial of plerixafor 
plus granulocyte colony-stimulating factor 
compared with placebo plus granulocyte colony-
stimulating factor for autologous stem-cell 
mobilization and transplantation for patients 
with non-Hodgkin’s lymphoma. J Clin Oncol 
2009; 27: 4767–4773.

 61. DiPersio JF, Stadtmauer EA, Nademanee A, 
et al. Plerixafor and G-CSF versus placebo and 
G-CSF to mobilize hematopoietic stem-cells 
for autologous stem-cell transplantation in 
patients with multiple myeloma. Blood 2009; 
113: 5720–5726.

 62. Shpall EJ. The utilization of cytokines in 
stem-cell mobilization strategies. Bone Marrow 
Transplant 1999; 23(Suppl. 2): S13–S19.

 63. To LB, Shepperd KM, Haylock DN, et al. 
Single high doses of cyclophosphamide enable 

https://journals.sagepub.com/home/tah


Therapeutic Advances in Hematology 10

14 journals.sagepub.com/home/tah

the collection of high numbers of hemopoietic 
stem-cells from the peripheral blood. Exp 
Hematol 1990; 18: 442–447.

 64. de Mel S, Chen Y, Lin A, et al. Vinorelbine-
cyclophosphamide compared with 
cyclophosphamide in peripheral blood stem-cell 
mobilization for multiple myeloma. Hematol 
Oncol Stem-Cell Ther 2018; 11: 225–232.

 65. Czerw T, Sadus-Wojciechowska M, Michalak 
K, et al. Increased efficacy of stem-cell 
chemomobilization with intermediate-dose 
cytarabine plus granulocyte colony-stimulating 
factor (G-CSF) compared with G-CSF alone 
in patients with multiple myeloma: results of a 
randomized trial. Biol Blood Marrow Transplant 
2019; 25: 248–255.

 66. Jelinek T, Adamusova L, Popkova T, et al. 
Cytarabine + G-CSF is more effective than 
cyclophosphamide + G-CSF as a stem-cell 
mobilization regimen in multiple myeloma. 
Bone Marrow Transplant 2018.

 67. Afifi S, Adel NG, Devlin S, et al. Upfront 
plerixafor plus G-CSF versus cyclophosphamide 
plus G-CSF for stem-cell mobilization in 
multiple myeloma: efficacy and cost analysis 
study. Bone Marrow Transplant 2016; 51: 
546–552.

 68. Palumbo A, Bringhen S, Bruno B, et al. 
Melphalan 200 mg/m2 versus melphalan 100 
mg/m2 in newly diagnosed myeloma patients: 
a prospective, multicenter phase 3 study. Blood 
2010; 115: 1873–1879.

 69. Auner HW, Iacobelli S, Sbianchi G, et al. 
Melphalan 140 mg/m(2) or 200 mg/m(2) for 
autologous transplantation in myeloma: results 
from the Collaboration to Collect Autologous 
Transplant Outcomes in Lymphoma and 
Myeloma (CALM) study. A report by the 
EBMT Chronic Malignancies Working Party. 
Haematologica 2018; 103: 514–521.

 70. Moreau P, Facon T, Attal M, et al. Comparison 
of 200 mg/m(2) melphalan and 8 Gy total 
body irradiation plus 140 mg/m(2) melphalan 
as conditioning regimens for peripheral blood 
stem-cell transplantation in patients with newly 
diagnosed multiple myeloma: final analysis of 
the Intergroupe Francophone du Myelome 9502 
randomized trial. Blood 2002; 99: 731–735.

 71. Hari P, Reece DE, Randhawa J, et al. 
Final outcomes of escalated melphalan 
280 mg/m2 with amifostine cytoprotection 
followed autologous hematopoietic stem-cell 
transplantation for multiple myeloma: high CR 
and VGPR rates do not translate into improved 

survival. Bone Marrow Transplantation 2019; 54: 
293–299.

 72. Bensinger WI, Becker PS, Gooley TA, et al. A 
randomized study of melphalan 200 mg/m(2) 
vs 280 mg/m(2) as a preparative regimen for 
patients with multiple myeloma undergoing 
auto-SCT. Bone Marrow Transplant 2016; 51: 
67–71.

 73. Nieto Y, Valdez BC, Pingali SR, et al. High-
dose gemcitabine, busulfan, and melphalan for 
autologous stem-cell transplant in patients with 
relapsed or refractory myeloma: a phase 2 trial 
and matched-pair comparison with melphalan. 
Lancet Haematol 2017; 4: e283–e292.

 74. Roussel M, Hebraud B, Lauwers-Cances V, 
et al. Bortezomib and high-dose melphalan vs. 
high-dose melphalan as conditioning regimen 
before autologous stem-cell transplantation in 
de novo multiple myeloma patients: a phase 
3 study of the Intergroupe Francophone 
Du Myelome (IFM 2014-02). Blood 2017; 
130(Suppl. 1): 398.

 75. Jung S-H, Lee J-J, Kim JS, et al. Phase 2 study 
of an intravenous busulfan and melphalan 
conditioning regimen for autologous stem-
cell transplantation in patients with multiple 
myeloma (KMM150). Biol Blood Marrow 
Transplant 2018; 24: 923–929.

 76. Qazilbash MH, Bashir Q, Thall PF, 
et al. A randomized phase III trial of 
Busulfan + Melphalan Vs Melphalan alone for 
multiple myeloma. Blood 2017; 130: 399–399.

 77. Bodge MN, Reddy S, Thompson MS, et al. 
Preparative regimen dosing for hematopoietic 
stem-cell transplantation in patients with 
chronic kidney disease: analysis of the literature 
and recommendations. Biol Blood Marrow 
Transplant 2014; 20: 908–919.

 78. Jantunen E, Kuittinen T, Penttilä K, et al. 
High-dose melphalan (200 mg/m2) supported 
by autologous stem-cell transplantation is safe 
and effective in elderly (>or=65 years) myeloma 
patients: comparison with younger patients 
treated on the same protocol. Bone Marrow 
Transplantation 2006; 37: 917.

 79. Mellqvist UH, Gimsing P, Hjertner O, et al. 
Bortezomib consolidation after autologous 
stem-cell transplantation in multiple myeloma: 
a Nordic Myeloma Study Group randomized 
phase 3 trial. Blood 2013; 121: 4647–4654.

 80. Cavo M, Pantani L, Petrucci MT, et al. 
Bortezomib-thalidomide-dexamethasone 
is superior to thalidomide-dexamethasone 

https://journals.sagepub.com/home/tah


CY Soekojo and SK Kumar

journals.sagepub.com/home/tah 15

as consolidation therapy after autologous 
hematopoietic stem-cell transplantation 
in patients with newly diagnosed multiple 
myeloma. Blood 2012; 120: 9–19.

 81. Straka C, Vogel M, Müller J, et al. Results 
from two phase III studies of bortezomib 
(BTZ) consolidation vs observation (OBS) 
post-transplant in patients (pts) with newly 
diagnosed multiple myeloma (NDMM). J Clin 
Oncol 2015; 33: 8511–8511.

 82. P Sonneveld MB, B vanderHolt, et al. 
Consolidation followed by maintenance 
vs maintenance alone in newly diagnosed, 
transplant eligible multiple myeloma: a 
randomized phase 3 study of the European 
Myeloma Network (EMN02/HOVON 95 MM 
trial). Abstract #S108. 23rd Congress of the 
European Hematology Association. 2018.

 83. Cerrato C, Di Raimondo F, De Paoli L, et al. 
Maintenance in myeloma patients achieving 
complete response after upfront therapy: a 
pooled analysis. J Cancer Res Clin Oncol 2018; 
144: 1357–1366.

 84. Munshi NC, Avet-Loiseau H, Rawstron AC, 
et al. Association of minimal residual disease 
with superior survival outcomes in patients 
with multiple myeloma: a meta-analysis. JAMA 
2017; 3: 28–35.

 85. Bergsagel PL, Mateos MV, Gutierrez NC, et al. 
Improving overall survival and overcoming 
adverse prognosis in the treatment of 
cytogenetically high-risk multiple myeloma. 
Blood 2013; 121: 884–892.

 86. McCarthy PL, Holstein SA, Petrucci MT, et al. 
Lenalidomide maintenance after autologous 
stem-cell transplantation in newly diagnosed 
multiple myeloma: a meta-analysis. J Clin Oncol 
2017; 35: 3279–3289.

 87. Gay F, Jackson G, Rosinol L, et al. 
Maintenance treatment and survival in patients 
with myeloma: a systematic review and network 
meta-analysis. JAMA 2018; 4: 1389–1397.

 88. Harousseau JL, Attal M, Avet-Loiseau H, 
et al. Bortezomib plus dexamethasone is 
superior to vincristine plus doxorubicin plus 
dexamethasone as induction treatment prior to 
autologous stem-cell transplantation in newly 
diagnosed multiple myeloma: results of the IFM 
2005-01 phase III trial. J Clin Oncol 2010; 28: 
4621–4629.

 89. Goldschmidt H, Lokhorst HM, Mai EK, et al. 
Bortezomib before and after high-dose therapy 
in myeloma: long-term results from the phase 

III HOVON-65/GMMG-HD4 trial. Leukemia 
2018; 32: 383–390.

 90. Neben K, Lokhorst HM, Jauch A, et al. 
Administration of bortezomib before and after 
autologous stem-cell transplantation improves 
outcome in multiple myeloma patients with 
deletion 17p. Blood 2012; 119: 940–948.

 91. Giralt S, Garderet L, Durie B, et al. American 
society of blood and marrow transplantation, 
European society of blood and marrow 
transplantation, blood and marrow transplant 
clinical trials network, and international 
myeloma working group consensus conference 
on salvage hematopoietic cell transplantation in 
patients with relapsed multiple myeloma. Biol 
Blood Marrow Transplant 2015; 21: 2039–2051.

 92. Cook G, Royle KL, O’Connor S, et al. The 
impact of cytogenetics on duration of response 
and overall survival in patients with relapsed 
multiple myeloma (long-term follow-up results 
from BSBMT/UKMF Myeloma X Relapse 
[Intensive]): a randomised, open-label, phase 3 
trial. Br J Haematol 2019; 185: 450–467.

 93. Gonsalves WI, Gertz MA, Lacy MQ, et al. 
Second auto-SCT for treatment of relapsed 
multiple myeloma. Bone Marrow Transplant 
2013; 48: 568–573.

 94. Goldschmidt H, Baertsch M-A, Schlenzka 
J, et al. Salvage autologous transplant and 
lenalidomide maintenance versus continuous 
lenalidomide/dexamethasone for relapsed 
multiple myeloma: results of the randomized 
GMMG phase III multicenter trial relapse. 
Blood 2018; 132: 253–253.

 95. Baertsch M-A, Schlenzka J, Christina H, et al. 
Subgroup analyses of the randomized GMMG 
phase III multicenter trial relapse suggest 
survival benefit of salvage autologous transplant 
primarily in low risk multiple myeloma. Blood 
2018; 132: 254–254.

 96. Garban F, Attal M, Michallet M, et al. 
Prospective comparison of autologous stem-
cell transplantation followed by dose-reduced 
allograft (IFM99-03 trial) with tandem 
autologous stem-cell transplantation (IFM99-04 
trial) in high-risk de novo multiple myeloma. 
Blood 2006; 107: 3474–3480.

 97. Rosinol L, Perez-Simon JA, Sureda A, et al. 
A prospective PETHEMA study of tandem 
autologous transplantation versus autograft 
followed by reduced-intensity conditioning 
allogeneic transplantation in newly diagnosed 
multiple myeloma. Blood 2008; 112: 3591–3593.

https://journals.sagepub.com/home/tah


Therapeutic Advances in Hematology 10

16 journals.sagepub.com/home/tah

 98. Lokhorst HM, van der Holt B, Cornelissen JJ, 
et al. Donor versus no-donor comparison of 
newly diagnosed myeloma patients included in 
the HOVON-50 multiple myeloma study. Blood 
2012; 119: 6219–6225; quiz 6399.

 99. Krishnan A, Pasquini MC, Logan B, 
et al. Autologous haemopoietic stem-cell 
transplantation followed by allogeneic 
or autologous haemopoietic stem-cell 
transplantation in patients with multiple 
myeloma (BMT CTN 0102): a phase 3 
biological assignment trial. Lancet Oncol 2011; 
12: 1195–1203.

 100. Bruno B, Rotta M, Patriarca F, et al. A 
comparison of allografting with autografting for 
newly diagnosed myeloma. N Engl J Med 2007; 
356: 1110–1120.

 101. Giaccone L, Storer B, Patriarca F, et al. 
Long-term follow-up of a comparison of 
nonmyeloablative allografting with autografting 

for newly diagnosed myeloma. Blood 2011; 117: 
6721–6727.

 102. Björkstrand B, Iacobelli S, Hegenbart U, 
et al. Tandem autologous/reduced-intensity 
conditioning allogeneic stem-cell transplantation 
versus autologous transplantation in myeloma: 
long-term follow-up. J Clin Oncol 2011; 29: 
3016–3022.

 103. Gahrton G, Iacobelli S, Bjorkstrand B, et al. 
Autologous/reduced-intensity allogeneic 
stem-cell transplantation vs autologous 
transplantation in multiple myeloma: long-term 
results of the EBMT-NMAM2000 study. Blood 
2013; 121: 5055–5063.

 104. Armeson KE, Hill EG and Costa LJ. Tandem 
autologous vs autologous plus reduced intensity 
allogeneic transplantation in the upfront 
management of multiple myeloma: meta-
analysis of trials with biological assignment. 
Bone Marrow Transplant 2013; 48: 562–567.

Visit SAGE journals online 
journals.sagepub.com/
home/tah

SAGE journals

https://journals.sagepub.com/home/tah
https://journals.sagepub.com/home/tah
https://journals.sagepub.com/home/tah



