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Tr eatment of Newly Diagnosed Multiple Myeloma Based on
Mayo Stratification of Myeloma and Risk-Adapted Therapy (mSMART):

Consensus Statement
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SUZANNE R. HAYMAN , MD; VIVEK ROY, MD; SHAJI KUMAR, MD; STEVEN R. ZELDENRUST, MD, PHD;
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Multiple myeloma is a neoplastic plasma cell dyscrasia that on a
yearly basis affects nearly 17,000 individuals and kills more than
11,000.  Although no cure exists, many effective treatments are
available that prolong survival and improve the quality of life of
patients with this disease. The purpose of this consensus is to
offer a simplified, evidence-based algorithm of decision making for
patients with newly diagnosed myeloma. In cases in which evi-
dence is lacking, our team of 18 Mayo Clinic myeloma experts
reached a consensus on what therapy could generally be recom-
mended. The focal point of our strategy revolves around risk
stratification. Although a multitude of risk factors have been
identified throughout the years, including age, tumor burden, renal
function, lactate dehydrogenase, βββββ2-microglobulin, and serum al-
bumin, our group has now recognized and endorsed a genetic
stratification and patient functional status for treatment.

Mayo Clin Proc. 2007;82(3):323-341

CR = complete response; FISH = fluorescence in situ hybridization; HSCT =
hematopoietic stem cell transplantation; IFM = Intergroupe Français du
Myélome; IMiD = immunomodulatory drug; ISS = International Staging
System; MP = melphalan and prednisone; MPT = melphalan, prednisone,
and thalidomide; mSMART = Mayo Stratification of Myeloma and Risk-
Adapted Therapy; OS = overall survival; PFS = progression-free survival;
VAD = vincristine, doxorubicin (Adriamycin), and dexamethasone

Multiple myeloma is a neoplastic plasma cell dyscrasia
that on a yearly basis affects nearly 17,000 individu-

als and kills more than 11,000.1 Survival of patients with
multiple myeloma varies from months to decades.2,3 His-
torically, no precise methods have been
available to identify the subset of pa-
tients with newly diagnosed myeloma
who are best served by standard inten-
sity therapies, maintenance therapies,
novel therapies, or more intensive regimens. Although the
Durie-Salmon system has separated patients predomi-
nantly by tumor burden and renal function,4 it has been
supplanted by the International Staging System (ISS).5 The
ISS incorporates the more easily reproducible parameters
of albumin and β

2
-microglobulin, resulting in low-, inter-

mediate-, and high-risk groups of patients with median
overall survival (OS) times of 62, 45, and 29 months,
respectively. Although the ISS is highly prognostic and
important for comparing results across trials and providing
a global estimate of outcome, for therapeutic purposes we
favor a cytogenetics and proliferation-based model,6 which
appears to offer greater power and predictive value for risk
stratification (Table 1).7-13

Several molecular classification systems have been pro-
posed on the basis of gene expression profiling.14-17 Al-
though these systems may ultimately elucidate the patho-
genesis of myeloma, they are not easily translated into
routine clinical practice. In contrast, cytogenetic classifica-
tion systems are readily applied in the clinic.

Nearly all patients with myeloma have abnormal chro-
mosomes by fluorescence in situ hybridization (FISH),
including deletions, aneuploidy, and translocations,18,19

although abnormal karyotypes are seen in only 18% to
30% of cases using standard metaphase analysis.20 This
apparent discrepancy is explained by the generally low
proliferative rate of myeloma cells and the requirement
of obtaining plasma cells (and not just the rapidly divid-
ing normal myeloid precursors) in metaphase to gener-
ate informative conventional cytogenetics.21-23 Therefore,
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any abnormality in conventional cytogenetics identifies
a group with a higher proliferative rate24 and a particular-
ly poor prognosis. There is excellent correlation be-
tween abnormal conventional cytogenetics and a high
plasma cell proliferative rate.25,26 Fonseca et al8 have
demonstrated that 3 distinct staging groups can be defined
by the presence or absence of t(4;14)(p16.3;q32),
t(14;16)(q32;q23), deletion 17p13, and deletion 13q by
FISH (Table 1).

PLOIDY STATUS

Overall, nonhyperdiploid myeloma is associated with
more aggressive disease except for t(11;14)(q13;q32)
(Table 1). This association has been demonstrated by
flow cytometric methods27-29 and metaphase cytogenet-
ics.7,30-33 There are strong associations among nonhyper-
diploid myeloma, deletions of chromosome 13, and im-
munoglobulin heavy chain translocations.34 In contrast,
hyperdiploid myeloma, which is associated with good
prognosis, is characterized by trisomies of chromosomes
3, 5, 6, 7, 9, 11, 15, 17, 19, and 21 by both metaphase
cytogenetics22,32 and FISH.35-37

DELETIONS OF CHROMOSOME 13

As indicated in Table 1, monoallelic loss of chromosome 13
(∆13) or its long arm (∆13q), when determined by metaphase
cytogenetics, is a powerful adverse prognostic factor in pa-
tients treated with standard chemotherapy9,38,39 or high-dose
chemotherapy and hematopoietic stem cell transplantation
(HSCT).10,31,40-42 Approximately 50% of patients newly diag-
nosed as having multiple myeloma have ∆13 or ∆13q by FISH
(F-∆13q).11,26,38,43 Patients with F-∆13q have a worse OS with
standard chemotherapy,9,26,38 high-dose therapy,11,44 and inter-
feron treatment.38 The negative prognostic effect of F-∆13q is
less than that for ∆13q by conventional cytogenetics (M-
∆13q), although it remains an independent prognostic factor.
The poor prognosis associated with ∆13q may be because of
other nonrandom, associated chromosomal abnormalities,
such as immunoglobulin translocations and ploidy status.7,34,39

IMMUNOGLOBULIN HEAVY CHAIN
TRANSLOCATIONS

Up to 65% of patients with multiple myeloma have translo-
cations that involve the heavy chain gene on chromosome

TABLE 1. Genetic-Based Prognostic and Staging Systems in Patients With Newly Diagnosed Multiple Myeloma*

Median
No. of Patients overall survival

Reference patients Risk or stage (%) Features (mo)

Smadja et al,7 159 Low 35 β
2
M ≤3 mg/L and nonhypodiploid‡ 52

2001† Intermediate 42 β
2
M >3 mg/L or hypodiploid‡ 30

High 23 β
2
M >3 mg/L and hypodiploid‡ 11

Fonseca et al,8 275 Low 39 Absence of F-∆13q, t(4;14), t(14;16),
2003 and F-∆ 17p13 50

Intermediate 37 F-∆13q 42
High 24 t(4;14), t(14;16), or ∆17p13 25

Konigsberg et al,9 88 Low 36 No F-∆13q and β
2
M ≤4 mg/L 102

2000 Intermediate 40 F-∆13q or β
2
M >4 mg/L 46

High 24 F-∆13q and β
2
M >4 mg/L 11

Tricot et al,10 147 Low 79 Absence of M-∆13q, and M-∆11q >48
1995§ Intermediate 18 M-∆13q OR M-∆11q >50

High 3 M-∆13q AND M-∆11q 12
Facon et al,11 110 Low 20 No F-∆13q and β

2
M <2.5 mg/L >111

2001⁄⁄ Intermediate 50 F-∆13q or β
2
M ≥2.5 mg/L 47

High 30 F-∆13q and β
2
M ≥2.5 mg/L 25

Fassas et al,12 1475 Low 67 No karyotypic abnormality 51
2002§ Intermediate 16 Not hypodiploid but karyotypic

abnormality other than M-∆13q 36
High 17 Hypodiploid or M-∆13q 19

Chiecchio et al,13 470 Low 53 No F-∆13q NR
2006† Intermediate 26 F-∆13q only 29

High 18 F-∆13q + poor IgHt OR F-∆p53 20
Very high 3 F-∆13q + poor IgHt AND F-∆p53 13

*Prognostic categories were defined based on patients treated with standard-intensity chemotherapy unless stated otherwise. β
2
M =

β
2
-microglobulin; F-∆ = fluorescence in situ hybridization deletion; poor IgHt = poor prognosis IgH translocation; M-∆ =

metaphase cytogenetic deletion; NR = not reached.
†Patients received either standard chemotherapy or high-dose chemotherapy with transplantation.
‡Metaphase cytogenetics.
§Tandem transplantation study.
⁄⁄High-dose melphalan, single transplantation, or tandem transplantation.
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14. These translocations include illegitimate switch recom-
bination of the variable regions of the immunoglobulin
heavy chain gene at 14q32. Partners of the translocations
into the immunoglobulin heavy chain switch region on
chromosome 14 include chromosomes 11, 4, 6, and 16.45

The t(11;14)(q13;q32) translocation is the most common
translocation in multiple myeloma, occurring in approxi-
mately 20% of patients.22,34,46 Most publications suggest that
this translocation and the related t(6;14)(p21;q32)47 are asso-
ciated with a favorable or neutral outcome in patients with
multiple myeloma.9,10 In contrast, the t(4;14)(p16.3;q32) is
present in 15% of patients,48-52 and t(14;16)(q32;q23) is
present in approximately 5% of patients.34,49 Both convey a
very poor prognosis (Table 1) and will be missed if FISH is
not used to probe for their presence. The former transloca-
tion results in the up-regulation of fibroblast growth factor
receptor 3 and in the hybrid transcript IgH/MMSET,48,49 and
the latter activates the c-maf proto-oncogene.49

DELETION OF 17P13 (P53)

Deletions of p53 (locus 17p13) as detected by FISH are
present in 10% of patients with newly diagnosed my-
eloma8,53,54 and confer a poorer survival.8,54 Inactivating
mutations are more common in human myeloma cell lines
and in patients with a terminal phase of myeloma.55-59

PLASMA CELL LABELING INDEX

The plasma cell labeling index of bone marrow plasma cells,
a slide-based immunofluorescent assay, is a reproducible
and powerful prognostic factor in multiple myeloma.60-62 An
increased plasma cell labeling index predicts a short remis-
sion and survival but does not predict response to therapy. It
is a helpful adjunct to a FISH myeloma panel.

RATIONALE FOR OUR RECOMMENDATIONS

Although investigators have proffered several genetic clas-
sification systems (Table 1), each of which includes differ-
ent variables and cutoff points, no consensus exists regard-
ing which system is best. Rather than promulgating any one
specific prognostic system, we have focused our efforts on
defining a composite high-risk group6,62 that we believe
should be managed differently from standard-risk patients.
This approach is integral to the Mayo Stratification of
Myeloma and Risk-Adapted Therapy (mSMART) (Figures
1 and 2; see also www.mSMART.org).63 The specific crite-
ria given in Table 262,64 are used to classify patients into 2
distinct risk categories but are not intended to replace exist-
ing prognostic systems, and not all tests are required (but
rather preferred) for any given patient. At a minimum,

metaphase cytogenetics or FISH studies should be per-
formed in addition to determinations of serum albumin, β

2
-

microglobulin, and lactate dehydrogenase levels. The ISS
and the presence or absence of elevated lactate dehydro-
genase levels will still retain prognostic importance, espe-
cially within the standard-risk group.

The purpose of this consensus is to offer a simplified,
evidence-based (Appendix) algorithm of treatment deci-
sion making for patients with newly diagnosed myeloma.
In cases in which evidence is lacking, our team of 18 Mayo
Clinic myeloma experts reached a consensus on what
therapy could generally be recommended. Our preferential
use of oral therapies in instances in which no data were

FIGURE 1. Nonstudy treatment algorithm for transplantation-eligible
patients with newly diagnosed active myeloma. Many of the recom-
mendations in this algorithm have not yet been supported by clinical
trials; level of evidence is clearly indicated in the text. CR = complete
response; MPV = melphalan, prednisone, and bortezomib; VGPR =
very good partial response; VTD = bortezomib, thalidomide, and
dexamethasone.
*If no response after 2 cycles, consider bortezomib-containing regimen.
†Potential allogeneic transplantation approaches considered in se-

lected patients.
‡If transplantation deferred, continue induction to maximal response.

Transplantation eligible

High risk Standard risk

Lenalidomide and low-dose 
 dexamethasone for 4 cycles*

Collect stem cells

Bortezomib-containing 
 regimen (eg, MPV, VTD)  
 to maximal response†

If not in CR, consider 
 thalidomide-prednisone
 to maximal response if 
 no prior thalidomide

Observation

Transplantation‡ (second 
 transplantation if not in 
 CR or VGPR after first)
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available to recommend immunomodulatory drugs (IMiDs)
over proteasome inhibitors is largely a function of our refer-
ral practice pattern rather than a statement about efficacy.

INDICATIONS FOR THERAPY FOR
NEWLY DIAGNOSED MYELOMA

Guideline: Treatment of myeloma should be initiated in
all patients with symptomatic myeloma. However, care must
be taken not to misclassify patients with smoldering multiple
myeloma or monoclonal gammopathy of undermined sig-
nificance as having symptomatic myeloma (Table 2).

Level of Evidence: II
Grade of Recommendation: A
Approximately 15% of patients with multiple myeloma

are recognized incidentally and without significant symp-
toms. These patients have smoldering (asymptomatic) mul-
tiple myeloma.64 Patients with smoldering myeloma should be
managed with observation alone, unless they are being en-
rolled in approved clinical trials. The rate of progression of
smoldering myeloma to symptomatic disease is 10% per year
for the first 5 years, 5% per year for the next 5 years, and
1.5% per year thereafter.65 No survival advantage has been
demonstrated by treating asymptomatic patients with my-
eloma.66-69 In one study, 2 risk factors for progression were

identified: serum M protein level greater than 3 g/dL and IgA
isotype, with median times to progression of greater than 48
months, 24 months, and 9 months, respectively, based on
whether patients had none, one, or both risk factors.70 Others
have reported greater than 10% bone marrow plasmacytosis,71

circulating plasma cells,72 and myeloma cells that produce
high levels of interleukin-1β73 as risk factors for progression.

TREATMENT OPTIONS

Before 1999, the bifunctional alkylators, nitrosoureas,
doxorubicin, and glucocorticoids were the primary agents
shown to have single-agent activity against multiple my-
eloma in vivo.74 These drugs along with vincristine, either
singly or in combination, had been the mainstay of therapy.
Until recently,75 the higher response rates seen with regimens
that combine multiple active agents as part of initial therapy
had not resulted in improved OS rates.76 With the advent of
new active agents, such as thalidomide, bortezomib, and
lenalidomide, therapeutic options have increased substan-

FIGURE 2. Nonstudy treatment algorithm for transplantation-ineli-
gible patients with newly diagnosed active myeloma. Separating treat-
ment by risk as shown in this algorithm has not yet been supported by
clinical trials; level of evidence is clearly indicated in the text. CR =
complete response; MPT = melphalan, prednisone, and thalidomide.

TABLE 2. Criteria for Diagnosis of MGUS, SMM, and MM and
Mayo Stratification of Myeloma and Risk-Adapted Therapy62,64,69*

MGUS
Serum monoclonal protein (<30 g/L)
Bone marrow <10% plasma cells
No evidence of other B-cell proliferative disorders
No related organ or tissue impairment†‡

SMM (asymptomatic)
Serum monoclonal protein (≥30 g/L) and/or
Bone marrow clonal plasma cells ≥10%
No related organ or tissue impairment†

MM (active or symptomatic)
Monoclonal protein present in serum and/or urine
Clonal bone marrow plasma cells or plasmacytoma
Related organ or tissue impairment†

Mayo Stratification of Myeloma and Risk-Adapted Therapy
(for the purpose of selecting therapy)

High risk  (~25% of patients) Standard risk (~75% of patients)
Presence of any of the All other FISH or cytogenetic

following: abnormalities, including:
FISH deletion 17p Hyperdiploidy
FISH translocation 4;14 FISH translocation 11;14
FISH translocation 14;16 FISH translocation 6;14
Cytogenetic deletion 13q
Cytogenetic hypodiploidy
Plasma cell labeling index ≥3%

*FISH = fluorescence in situ hybridization; MGUS = monoclonal
gammopathy of undetermined significance; MM = multiple myeloma;
SMM = smoldering multiple myeloma.

†The absence of CRAB (calcium level elevation [>1 mg/dL above upper
limit of normal], renal dysfunction [creatinine level >2 g/dL], anemia
[hemoglobin level 2 g/dL below lower limit of normal], bone lesions
[lytic lesions or osteoporosis with compression fracture] attributable to
the plasma cell disorder).

‡The existence of immunoglobulin light chain amyloidosis or another
paraneoplastic disorder attributable to the monoclonal gammopathy,
such as a peripheral neuropathy, would be termed monoclonal
gammopathy associated with….

Transplantation ineligible

High risk Standard risk

MPT for 12 cycles or 
 consider bortezomib-
 containing regimen to 
 maximal response

If not in CR, consider 
 thalidomide-prednisone
 to maximal response if 
 no prior thalidomide

Observation

MPT for 12 cycles
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tially, and there is significant complexity in decision mak-
ing, which involves assessment of risk status, eligibility for
transplantation, and response to therapy (Tables 3 and 4).
Although clinical trials are always preferred, Figures 1 and 2
outline the Mayo Clinic mSMART treatment algorithms for
patients with newly diagnosed myeloma for whom clinical
trials are unavailable. The goal of chemotherapy for my-
eloma is to prolong survival and when possible by choosing
therapy that has the most favorable effect on quality of life.

INITIAL THERAPY FOR STANDARD-RISK PATIENTS
INELIGIBLE FOR STEM CELL TRANSPLANTATION

Guideline: Melphalan, prednisone, and thalidomide
(MPT) for 12 cycles.

Level of Evidence: I-II
Grade of Recommendation: A
Until the report of improved OS for patients receiving

MPT over melphalan and prednisone (MP) by Facon et al,75

the standard induction therapy for elderly patients was MP.
Response rates with MP are approximately 50%, with com-
plete responses (CRs) seen in approximately 5% of patients.

Median OS with MP is approximately 3 years. A meta-analy-
sis of 27 randomized trials showed no survival advantage
with any chemotherapeutic regimen compared with MP.76

Recently, 2 randomized trials showed superior response
rates and progression-free survival (PFS) using MPT com-
pared with MP,75,78 1 of which has also demonstrated supe-
rior OS.75

Palumbo et al78 randomized patients to either standard
dose MP for 6 months or MP for 6 months followed by
thalidomide indefinitely. Overall response rates were sig-
nificantly higher with MPT than MP (76% vs 48%) as were
the near-complete or CR rates (28% vs 7%) and the 2-year
event-free survival rates (54% vs 27%; P=.0006). A trend
was seen toward an improved 3-year OS in favor of MPT
(80% vs 64%). Two criticisms of this trial are that 6 months
of MP is short of standard therapy and that this trial ad-
dresses a maintenance question rather than an induction
question. These data alone were insufficient to guide the
practice change but strongly suggested that the addition of
thalidomide to MP can improve long-term outcome.

The Intergroupe Français du Myélome (IFM) 99-06 trial
substantially bolsters the results of the trial by Palumbo et

TABLE 3. Induction Regimens for Patients Ineligible for Hematopoietic Stem Cell Transplantation*

No. of CR VGPR PR OR PFS OS
Reference Regimen Phase patients (%) (%) (%) (%) (mo) (mo)

Facon et al Dexamethasone 3 127 1 0 41 42 12 33
(IFM 95-01),77 2006 Dexamethasone- 3 121 1 0 42 43 15 32

interferon
MP 3 122 1 0 40 41 21 34
MD 3 118 3 0 67 70 23 40

Palumbo et al,78 2006 MP 3 126 2 10 36 48 ~14 NR
MPT 3 129 16 21 40 76 ~25 NR

Facon et al MP 3 196 3 5 26 34 17 30
(IFM 99-06),79 2005 MPT 3 125 14 37 33 84 29 NR

Ludwig et al,80 2005 Thalidomide- 3      125/2† 10 27 15 52 NA NA
dexamethasone

MP 3      125/2† 3 12 20 35 NA NA
Rajkumar et al,81 2006 Dexamethasone 3 235 NA NA NA NA NA 25

Thalidomide- 3 235 NA NA NA NA NA 25
dexamethasone

Dimopoulos et al,82 2006 MDT 2   50 10 0 62 72   21‡ 28
Offidani et al,83 2006 ThaDD 2   50 34 24 30 88  57% at 3 y§ 74% at 3 y
Mateos et al,84 2006 MPV 1/2   60 32 11 45 88 83% at 16 mo§ 86% at 2 y
Hussein et al,85 2006 T-DVd 2   53 36 13 34 83 28 NR at 50 mo
Klueppelberg et al,86 Low-dose thalidomide, 2   45 0 30 68 98 NA 68% at 2 y

2005 dexamethasone,
and zoledronic acid

Palumbo et al,87 2006 MPR 1/2   50 10 NA 60 70 NA NA

*CR = complete response; IFM = Intergroupe Français du Myélome; MD = melphalan and dexamethasone; MDT = melphalan, dexamethasone, and
thalidomide; MP = melphalan and prednisone; MPR = melphalan, dexamethasone, and lenalidomide; MPT = melphalan, prednisone, and thalidomide;
MPV = melphalan, dexamethasone, and bortezomib; NA = not available; NR = not reached; OR = overall response; OS = overall survival; PFS = progression-
free survival; PR = partial response; T-DVd = thalidomide, pegylated doxorubicin, vincristine, and dexamethasone; ThaDD = thalidomide, pegylated
doxorubicin, and dexamethasone; VGPR = very good partial response.

†A total of 125 patients divided between the 2 arms of the trial; the exact number of patients in each arm was not reported.
‡Time to progression.
§Event-free survival.
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al. Although the results of this trial have been published
only in abstract form,75 its results are compelling enough
and consistent with the published report from Palumbo et al
that we concluded that they mandate a change in clinical
practice. In the IFM 99-06 study, 436 patients were random-
ized to 12 cycles of either MP or MPT or to 2 sequential
miniautologous peripheral blood stem cell transplantations.
The MPT regimen consisted of melphalan, 0.25 mg/kg
orally on days 1 to 4, prednisone, 2 mg/kg orally on days 1
to 4, and thalidomide, 100 to 400 mg orally on days 1 to 28,
repeated every 6 weeks for 12 cycles. Higher response rates
and longer PFS were seen for the MPT compared with either
the MP or sequential miniautologous peripheral blood stem

cell transplantation groups, with respective PFS times of 29,
17, and 19 months. With a median follow-up of 32 months, a
significant survival advantage was found for the patients in
the MPT arm, with respective OS times not reached at 56,
30, and 39 months.75 One weakness of this study is that no
data are provided regarding the percentage of patients in the
nonthalidomide arm who received thalidomide regimens as
salvage.

A cautionary note is that, although MPT performed better
than MP in both trials with regard to efficacy end points, it is
associated with a consistently higher toxicity profile,
although lower 4-month mortality rates.75,78 In the study by
Palumbo et al,78 the respective percentages of patients having

TABLE 4. Induction Regimens Before Hematopoietic Stem Cell Transplantation*

No. of CR VGPR PR OR
Reference Regimen Phase patients (%) (%) (%) (%)

Rajkumar et al,88 2006 Dexamethasone 3 104 0 NR 41 41
Thalidomide- 3 99 4 NR 59 63

dexamethasone
Rifkin et al,89 2006 VAD 3 95 0 NR 41 41

DVD 3 97 3 NR 41 44
Dimopoulos et al,90 2003 VAD 3 127 13 NR 49 62

DVD 3 132 13 NR 48 61
Goldschmidt et al,91 2005 VAD 3                406/2† 3 NR 60 63

TAD 3                406/2† 7 NR 73 80
Barlogie et al,92 2006 TT2 no thalidomide 3 323 10 NR 30 40

TT2 with thalidomide 3 345 19 NR 41 60
Rajkumar et al,93 2001 Thalidomide 2 16 0 NR 37 37
Rajkumar et al,94 2003 Thalidomide 2 29 0 NR 34 34
Weber et al,95 2003 Thalidomide 2 28 0 NR 36 36
Rajkumar et al,96 2002 Thalidomide- 2 50 0 NR 64 64

dexamethasone
Weber et al,95 2003 Thalidomide- 2 40 16 NR 56 72

dexamethasone
Sidra et al,97 2006 CDT 2 15 0 27 60 87
Rajkumar et al,98 2005 Rev-dexamethasone 2 34 6 32 53 91
Niesvizky et al,99 2006 BiRD 2 40 25 18 53 95
Jagannath et al,100,101 2005 Bortezomib 2 32 3 9 28 40

Bortezomib with or
without dexamethasone 2 32 6 19 63 88

Anderson et al,102 2006 Bortezomib 2 60 10 NR 28 38
Harousseau et al,103 2005 Bortezomib-

dexamethasone 2 53 20 NR 47 67
Wang et al,104 2005 VTD 2 36 19 NR 73 92
Hussein et al,105 2002 DVD 2 33 12 NR 55 67
Hassoun et al,106 2006 AD and TD 2 45 16 20 49 85
Zervas et al,107 2004 T-DVD 2 39 10 NR 64 74
Oakervee et al,108 2005 PAD 2 21 24 NR 71 95
Popat et al,109 2005 Low-dose PAD 2 19 11 28 50 89
Badros et al,110 2005 VDT-PACE 1/2 11 9 9 92 100
Barlogie et al,111 2006 TT1 2 231 12 NR 51 63

*AD = doxorubicin (Adriamycin) and dexamethasone; BiRD = Biaxin, Revlimid, and dexamethasone (clarithromycin,
lenalidomide, and dexamethasone); CDT = cyclophosphamide, dexamethasone, and thalidomide; CR = complete re-
sponse; DVD = pegylated doxorubicin, vincristine, and dexamethasone; NR = not reported; OR = overall response;
PAD = bortezomib, doxorubicin, and dexamethasone; PR = partial response; Rev = Revlimid (lenalidomide); TAD =
thalidomide, doxorubicin, and dexamethasone; TD = thalidomide and dexamethasone; T-DVD = thalidomide, pegylated
doxorubicin, vincristine, and dexamethasone; TT1 = Total Therapy 1; TT2 = Total Therapy 2 (a complex anthracycline-
containing multiagent chemotherapy regimen); VAD = vincristine, doxorubicin, and dexamethasone; VDT-PACE =
bortezomib, dexamethasone, thalidomide, cisplatin, doxorubicin, cyclophosphamide, and etoposide; VGPR = very good
partial response; VTD = bortezomib, thalidomide, and dexamethasone.

†A total of 406 patients divided between the 2 arms of the trial; the exact number of patients in each arm was not reported.
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grade 3 to 4 adverse events were as follows: at least 1 event,
48% vs 25% (P=.0002); thrombosis or embolism, 12% vs
2%; peripheral neuropathy, 10% vs 1%; infections, 10% vs
2%; and gastrointestinal events, 6% vs 1%. After 13 of 65
patients in the MPT arm had thromboembolic events without
prophylaxis, the final 64 received enoxaparin; in this
subsequent group, only 2 thromboembolic events occurred,
notably after discontinued use of enoxaparin.

As indicated in Table 3,77-87 several active novel combina-
tions are being tested in patients ineligible for transplanta-
tion, but none has yet been shown to produce superior sur-
vival over MP or MPT. The combination of bortezomib with
melphalan and prednisone appears particularly active, and
large phase 3 trial results are awaited. Given the apparent
ability of bortezomib to negate or at least favorably modify
high-risk genetics as risk factors,84 this regimen could be
considered now for patients in the high-risk genetic class.

INITIAL THERAPY FOR HIGH-RISK PATIENTS
INELIGIBLE FOR STEM CELL TRANSPLANTATION

Guideline: MPT for 12 cycles; as an alternative, consider
a bortezomib-containing regimen to maximal response.

Level of evidence: III (for MPT); III-IV (for considering
bortezomib-based regimen)

Grade of Recommendation: D
The consensus recommendation and rationale for MPT

are the same as for standard-risk patients. Neither MP nor
MPT trial provides information about the high-risk sub-
group. On the basis of the prevalence of cytogenetic abnor-
malities in myeloma, approximately 25% of patients in
these studies are likely to be high risk. No data from either
trial indicate that this subgroup did not achieve the same
benefit as patients with standard-risk disease; conversely, it
is clear that the outcome for high-risk myeloma is poor
with standard chemotherapy.

The panel recognizes, however, that several studies in
post hoc analyses suggest that bortezomib may overcome the
adverse prognostic impact of ∆1384,112-114 and t(4;14).84,112 For
this reason, consideration of a bortezomib-containing regi-
men, such as bortezomib, melphalan, and prednisone, is also
a viable treatment option.84 In a post hoc subgroup analysis
of outcomes of elderly patients treated with bortezomib,
melphalan, and prednisone, Mateos et al84 examined differ-
ential outcomes of the 33 patients who had deletion 13 FISH
analysis performed. Thirteen patients had the abnormality.
All responded, but no data were provided about the relative
PFS or OS of these same patients. Patients with deletion 13
are typically no less likely to respond to therapy, but duration
of response and OS rates are consistently lower with stan-
dard alkylator-based therapy38 and with high-dose chemo-
therapy with HSCT.115,116

MAINTENANCE THERAPY FOR PATIENTS
INELIGIBLE FOR STEM CELL TRANSPLANTATION

Guideline for Standard-Risk Patients: No maintenance
except in the context of a clinical trial for standard-risk patients.

Level of Evidence: II
Grade of Recommendation: B
Guideline for High-Risk Patients: If not in CR, con-

sider maintenance therapy with thalidomide and pred-
nisone until best response if no prior use of thalidomide.

Level of Evidence: V
Grade of Recommendation: D
Strategies for maintenance therapy can be divided into

2 broad categories: (1) continued initial therapy (such as
MP) until progression or (2) initiation of a maintenance
agent after completion of initial therapy. The former strat-
egy was prevalent until recognition of the risk of develop-
ing alkylator-induced myelodysplastic syndromes and
leukemia.117-121 The latter strategy has predominantly ap-
plied immune modulators, including prednisone, inter-
feron, cellular therapies, and more recently thalidomide
and lenalidomide.

ALKYLATORS

Several randomized studies established that alkylator-based
maintenance therapy does not produce a survival benefit.66,122-129

In general, patients not receiving maintenance therapy had
similar to slightly shorter remission duration than those re-
ceiving maintenance therapy66,125-128,130 but had higher rates of
second remission.127,130 Some studies have shown a trend
toward longer survival in the former group.122-124 Alkylator
unmaintained remissions tend to last approximately 12
months.125

CORTICOSTEROIDS

The two most important randomized studies deal with corti-
costeroids as maintenance therapy.131,132 None justifies a rec-
ommendation of corticosteroids as a standard maintenance
regimen for all patients. The Southwest Oncology Group
trial 9210 compared prednisone at 10 mg every other day to
prednisone at 50 mg every other day in patients who had
responded to 6 to 12 months of a vincristine, doxorubicin
(Adriamycin), and dexamethasone (VAD)–based program,
that is, a corticosteroid-intensive program. From the time of
randomization to the 2 different alternate-day prednisone
schedules, the median PFS for the higher-dose prednisone
arm was 14 months compared with 5 months for the lower
dose (P=.003). Also, survival was marginally better at 37
and 26 months (P=.05).131 Although the more dose-intensive
corticosteroid maintenance strategy provided a longer PFS
in corticosteroid-responsive patients, these data cannot be
generalized.
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An earlier randomized study, which compared dexa-
methasone maintenance to interferon maintenance after
induction with melphalan and dexamethasone, demon-
strated equivalence to inferiority of dexamethasone com-
pared with interferon. Patients received maintenance treat-
ment with interferon alfa (3 MU [milli on units] 3 times a
week) or dexamethasone (20 mg/m2 orally daily for 4 days
repeated monthly) until relapse. Remission duration was
identical (10 months); however, significantly more pa-
tients responded on reinstitution of the melphalan and dex-
amethasone therapy at disease relapse in the interferon
group than in the dexamethasone group (82% vs 44%;
P=.001).132

INTERFERON ALFA

The initial positive findings for interferon alfa as mainte-
nance therapy were reported by Mandelli et al133 in 1990.
Subsequent studies yielded divergent results. Ludwig and
Fritz134 analyzed 1615 patients in 13 maintenance trials; the
Myeloma Trialists’ Collaborative Group135 used the indi-
vidual data of 1543 patients enrolled in 12 randomized
trials. Results were similar in that the first group found a
4.4-month prolongation of relapse-free survival (P<.01)
and a 7.0-month increase in OS (P<.01).134 The latter group
reported a 3-year PFS of 27 vs 19 months (P<.00001) in
favor of the interferon maintenance group. However, only
a marginal improvement in OS (4 months) was noted
(P=.04).135 Of note, in vitro, interferon alfa has been shown
to stimulate the myeloma cells of some patients,136 and in
a retrospective subgroup analysis of a large random-
ized Eastern Cooperative Oncology Group trial, patients
with deletion 13 who received interferon alfa actually had
worse survival than their counterparts who did not receive
interferon.38

MAINTENANCE THERAPY CONCLUSIONS FOR PATIENTS INELIGIBLE

FOR STEM CELL TRANSPLANTATION

For standard-risk patients, no therapy has yet been shown to
prolong survival in a clinically important manner to justify
associated adverse effects. Moreover, no data are available
to support maintenance after MPT as initial therapy. Three
randomized trials ongoing in the United States are testing
thalidomide-prednisone, thalidomide-dexamethasone, and
lenalidomide as maintenance therapy; however, all 3 trials
are in the posttransplantation setting. The consensus recom-
mendation for standard-risk patients is observation, but par-
ticipation in clinical trials should be encouraged.

For high-risk patients, the risk of relapse is high even
after high-dose therapy, with median PFS of approximately
6 to 9 months and median OS of 2 years.7,10-13,31,40-42,137-139 In
a recent randomized trial, a significant improvement in PFS
and OS was noted with thalidomide.140 Similarly, a South-

west Oncology Group randomized trial suggested a similar
benefit with prednisone.131 Other studies also suggest im-
provement in PFS with corticosteroid maintenance ther-
apy.141 Although these studies had limitations and were con-
ducted in different settings, our consensus is that high-risk
patients ineligible for transplantation who do not obtain a CR
should be offered maintenance therapy given the high risk of
recurrence and early data that suggest a clinical benefit with
maintenance approaches in the absence of a CR with prior
therapy. Maintenance thalidomide and prednisone therapy is
feasible, has been reported, and is preferred until data
emerge based on other maintenance approaches.78

INDUCTION THERAPY FOR PATIENTS ELIGIBLE
FOR TRANSPLANTATION

Guideline for Standard-Risk Patients: Lenalidomide
and low-dose dexamethasone.

Level of Evidence: II-III
Grade of Recommendation: B
Guideline for High-Risk Patients: Lenalidomide and

low-dose dexamethasone.
Level of Evidence: II-III
Grade of Recommendation: B
In general, for patients eligible for stem cell transplanta-

tion, non–alkylator-based induction therapies are preferred
for approximately 4 months before stem cell transplanta-
tion. The goal of induction is to promptly alleviate symp-
toms, reduce or reverse end-organ damage, and safely
achieve maximal tumor reduction before stem cell harvest.
During induction therapy, important logistical issues, such
as insurance approval for harvest and possible transplanta-
tion, should be addressed so that the transition from induc-
tion to consolidation is seamless.

Several induction regimens (Table 4)88-111 have been
studied in this setting. Comparative trials are limited, and
hence recommendations are based on nonrandomized data.
However, an important point about these regimens is that
so far no one has demonstrated that any pretransplantation
induction regimen—regardless of how high its response
rate—improves PFS or OS. Currently, the only evidence-
based relevant outcomes are toxicity and early death. Table
5 gives the early death rates associated with several regi-
mens. On the basis of the low early death rates seen with
bortezomib with or without dexamethasone and lenalid-
omide plus low-dose dexamethasone, these 2 options are
among the most feasible, but any recommendation is lim-
ited by the absence of long-term outcome data. In our
practice in the nontrial setting, we preferentially use the
latter regimen because of its convenience of administration
in patients without renal failure. For patients with renal
failure, bortezomib-based regimens are favored.
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VAD REGIMENS

VAD and VAD-like regimens have commonly been used
as induction therapy before stem cell collection and trans-
plantation. These regimens include vincristine-pegylated
liposomal doxorubicin-dexamethasone,105 VAD,144 vincris-
tine-doxorubicin-methylprednisolone,145 and cyclophos-
phamide-vincristine-doxorubicin-methylprednisolone.145

Response rates in previously untreated patients are 50% to
84%.146-155 The CR rate of cyclophosphamide-vincristine-
doxorubicin-methylprednisolone is higher than that of vin-
cristine-doxorubicin-methylprednisolone alone, but survival
is not different.149 Two randomized trials comparing vincris-
tine-pegylated liposomal doxorubicin-dexamethasone to
VAD, using either standard high-dose dexamethasone90 or
attenuated doses of dexamethasone,89 have been completed.
Results were comparable between arms with regard to re-
sponse rates: 42% in the attenuated dexamethasone trial89

and 61% in the standard dose dexamethasone trial.90 More
alopecia occurred in the nonliposomal doxorubicin arms
and more palmar-plantar erythrodysthesia in the liposomal
doxorubicin arms.

DEXAMETHASONE

The response rate of single-agent high-dose dexametha-
sone is approximately 43%,156 which is only 15% lower
than for VAD. Better tolerability and convenience prompted
myeloma experts to use single-agent dexamethasone in lieu
of VAD for induction therapy in patients destined for stem
cell collection. This strategy has been used successfully,
resulting in adequate collections of peripheral blood stem
cells with no apparent adverse effects on complete remis-
sion rates or PFS in several single-arm studies.157,158 Never-
theless, given the modest response rates and the associated
treatment-related morbidity together with the advent of
other oral therapies, single-agent dexamethasone has been
losing favor as induction therapy.

THALIDOMIDE-DEXAMETHASONE

The combination of thalidomide and dexamethasone re-
sults in response rates of 63% to 72%.81,95,96 The thalidomide-
dexamethasone combination has been compared with dex-
amethasone alone in 2 separate randomized trials.81 In the
smaller of the 2 trials (n=207), the overall response rate of
thalidomide-dexamethasone was significantly higher than
with dexamethasone alone (63% vs 41%); however, toxicity
was greater using the combination, with grade 4 to 5 toxicity
of 45% vs 21% (P<.001).88 In the second, larger trial
(n=470), time to progression was significantly better in the
combination arm (17.4 months; 95% confidence interval, 8.1
months to not reached vs 6.4 months; 95% confidence inter-
val, 5.6 to 7.4 months). Grade 3 to 4 adverse events were
higher using the combination: deep venous thrombosis and

pulmonary embolism, 15.4% vs 4.3%; cerebral ischemia,
3.4% vs 1.3%; myocardial infarction, 4.7% vs 1.3%; and
peripheral neuropathy, 3.8% vs 0.4%.81 This combination is
commonly used as induction therapy in the months before
stem cell collection because of its high response rates and its
ease of administration, using only oral medications. The risk
of thrombosis and other adverse effects make the combina-
tion less convenient than originally thought.

BORTEZOMIB BASED

Thirty-eight percent to 40% of patients with newly diag-
nosed myeloma will respond to single-agent bortez-
omib.100,102,159 The addition of dexamethasone results in an
overall response rate of 67% to 88%.100,143 Several combina-
tions have been explored for induction therapy. Oakervee et
al108 treated 21 previously untreated patients with bortez-
omib, doxorubicin, and dexamethasone. Ninety-five percent
of patients achieved at least a partial response, including a
CR in 24%. Fifteen grade 3 to 4 adverse events occurred in
12 patients, with the most common serious adverse events
including infections (n=7) and herpes zoster (n=3). Grade 3
to 4 peripheral neuropathy, postural hypotension, nausea and
vomiting, atrial fibrillation, and hyperglycemia each oc-
curred in 1 patient. All but one patient proceeded to stem cell
collection and transplantation. Although no cardiac toxicity
was observed, cardiac biomarkers screening for subtle toxic
effects was not performed.

Wang et at104 treated 36 previously untreated patients
with thalidomide, escalating doses of bortezomib, and dex-
amethasone. All patients received full anticoagulation. The
overall response rate was 92%, including a 19% CR rate.
Bortezomib doses greater than 1.3 mg/m2 did not seem to
add any value.

LENALIDOMIDE-DEXAMETHASONE

Lenalidomide plus dexamethasone yields high overall re-
sponse rates of 91%,98 with CRs in 18% and very good

TABLE 5. Initial Therapy and Early Mortality*

RR Deaths
Regimen (%) (%)

Dexamethasone (E1A00)88 41 11
Dexamethasone with or without

interferon (IFM 95-01)77 41 10.5
MP (IFM 99-06)75 40 8
Thalidomide-dexamethasone (E1A00)88 63 7
Rev-dexamethasone (E4A03)142 Unknown 4.9
MPT (IFM 99-06)75 81 3
Rev and low-dose dexamethasone (E4A03)142 Unknown 0.5
Bortezomib100 40 0
Bortezomib and dexamethasone143 66 0

*IFM = Intergroupe Français du Myélome; MP = melphalan and pred-
nisone; MPT = melphalan, prednisone, and thalidomide; Rev = lenalid-
omide; RR = response rate.
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partial responses in 38% when used as induction therapy
for patients with newly diagnosed myeloma.98,160 Of note,
in that Mayo Clinic–led trial, dexamethasone was adminis-
tered in typical pulsed (high-dose) fashion (40 mg on days 1-
4, 9-12, 17-20) for only 4 cycles and decreased to low dose
(40 mg on days 1-4 each month) thereafter. The response
rates seen in the Mayo trial are not surprising given the high
response rates (60%) observed using this combination in the
relapsed, refractory setting in 2 large randomized trials.161,162

The Eastern Cooperative Oncology Group E4A03 ran-
domized trial compared lenalidomide and standard dose
dexamethasone (40 mg on days 1-4, 9-12, and 17-20) to
lenalidomide and low-dose dexamethasone (40 mg on days
1, 8, 15, and 22). Preliminary data from this trial show that
the low-dose dexamethasone arm has substantially lower
rates of serious adverse events, including deep venous
thrombosis, compared with lenalidomide plus high-dose
dexamethasone (Table 6).142,163 Furthermore, compared
with data on other IMiD-based regimens tested in recent
randomized trials, lenalidomide plus low-dose dexametha-
sone has the lowest mortality rate in the first 4 months, a
critical period in patients considering early stem cell trans-
plantation as consolidation (Table 5).

Lenalidomide-dexamethasone is a highly effective regi-
men in patients with newly diagnosed myeloma, with re-
sponse rates exceeding 90%. In addition, the regimen is
orally administered. Although no response data are available
from the E4A03 trial, no data have demonstrated that supe-
rior response rates from induction translate into better long-
term outcome after transplantation. On the basis of single-
agent activity rates of lenalidomide and dexamethasone, the
response rate with lenalidomide plus low-dose dexametha-
sone is not likely to be lower than that observed with the
current Food and Drug Administration–approved induction
therapy—thalidomide-dexamethasone. On the other hand,
the low 4-month mortality rate with this regimen compared
with either thalidomide-dexamethasone or lenalidomide

plus high-dose dexamethasone is striking. In addition, an-
other major advantage of lenalidomide plus low-dose dexa-
methasone is the markedly lower rate of deep venous throm-
bosis,163 which allows aspirin alone as thromboprophylaxis.
On the basis of these factors, we recommend lenalidomide
plus low-dose dexamethasone as standard induction therapy
for patients (both standard risk and high risk) with newly
diagnosed myeloma who are eligible for transplantation.

TIMING OF STEM CELL COLLECTION IN PATIENTS
ELIGIBLE FOR STEM CELL TRANSPLANTATION

Guideline for Patients: All standard-risk patients who
are candidates for HSCT should have their hematopoietic
stem cells collected for future use within 4 to 6 months of
starting therapy for active myeloma.

Level of Evidence: III
Grade of Recommendation: B
Although controversy exists regarding whether high-

risk patients should undergo HSCT, all patients younger
than 65 years without other significant comorbidities
should have their stem cells collected within 4 to 6 months
of starting therapy for active myeloma. Hematopoietic
stem cells should be collected before the patient is exposed
to cumulative doses of alkylating agents164,165 because pro-
longed melphalan exposure leads to an impaired harvest of
peripheral blood stem cells.166,167 After 4 to 6 cycles of
vincristine-melphalan-cyclophosphamide-prednisone with
vincristine-carmustine-doxorubicin-prednisone, a regimen
containing low doses of melphalan, sufficient stem cells
could not be collected for transplantation in approximately
10% of patients.168 In contrast, successful stem cell collec-
tion is achieved in 95% to 100% of patients with multiple
myeloma treated with VAD before mobilization with
high-dose cyclophosphamide.169

CONSOLIDATION THERAPY FOR PATIENTS
ELIGIBLE FOR STEM CELL TRANSPLANTATION

Guideline for Standard-Risk Patients: Early autolo-
gous HSCT, followed by a second HSCT if the patient does
not achieve a very good partial response or better with the
first HSCT.

Level of Evidence: I
Grade of Recommendation: B
Guideline for High-Risk Patients: After stem cell col-

lection and banking sufficient for 2 transplantations, cross
over to a bortezomib-containing regimen, such as bortez-
omib, melphalan, and prednisone. In younger patients, an
allogeneic option could also be considered.

Level of Evidence: V
Grade of Recommendation: D

TABLE 6. Adverse Events With
Lenalidomide-Dexamethasone Combinations From E4A03142*

High-dose Low-dose
Toxic effect (n=223) (n=222)

Cardiac ischemia (grade ≥3) 2.7 0.5
Hyperglycemia (grade ≥3) 5.8 1.8
Infection or pneumonitis (grade ≥3) 18.8 9.0
Neuropathy (grade ≥3) 0.9 0.9
Thromboembolism (grade ≥3) 18.4 5.4
Any nonhemotoxic effect (grade ≥3) 53.4 36.0
Any toxic effect (grade ≥4) 22.0 12.6
Death (grade 5) 4.5 1.4

*High-dose dexamethasone was 40 mg orally on days 1 to 4, 9 to 12, and
17 to 20 every 28 days. Low-dose dexamethasone was 40 mg orally on
days 1, 8, 15, and 22 every 28 days.

Dexamethasone (%)
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AUTOLOGOUS STEM CELL TRANSPLANTATION

The preponderance of randomized data supports the role of
autologous HSCT for patients younger than 65 years.168-171

Although HSCT is not curative, event-free survival and OS
were improved in 3168,170,171 of the 7 published randomized
controlled trials that addressed this issue172-175 (Table 7).
Three of the 4 negative studies are largely early vs delayed
transplantation trials, and the fourth negative study ex-
cluded from randomization those patients who did not re-
spond to induction therapy.175 Response rates with HSCT
are 75% to 90%, and CR rates are 20% to 40%.168,170,175

Despite the fact that conventional chemotherapy vs
HSCT trials have demonstrated that the timing of transplan-
tation is not important with regard to OS, the current guide-
lines recommend early HSCT in standard-risk patients for 2
reasons: quality-of-life issues and the double-transplantation
literature. Of the 3 trials that address the early vs delayed
transplantation strategy,175-177 the Myélome Autogreffe 90
trial evaluated the time without systemic therapy and found
that it was longer in the early than the delayed autologous
HSCT group, potentially providing better quality of life for
the early transplantation group. Another important consider-
ation in young patients who opt to collect and store stem cells

is the cumulative risk of myelodysplastic syndrome and
acute leukemia posed by alkylator therapy.

SINGLE VS DOUBLE TRANSPLANTATION

The strategy of double transplantation has only been stud-
ied formally up front. Two of 3 randomized trials that
compared single to double autologous stem cell transplan-
tation demonstrated improvement in event-free survival
and OS178-181 (Table 8). In the largest and most mature
study, by 4 years of follow-up, a survival benefit was
detected that favored the double-transplantation group.178

Although the response rate was not significantly different
between the 2 groups (CR and very good partial response,
42% in the single-transplantation arm vs 50% in the double-
transplantation group; P=.15), both event-free survival (25
vs 30 months) and OS (48 vs 58 months) were improved in
the double-transplantation arm. The respective 7-year
overall (21% vs 42%) and event-free (10% vs 20%) surviv-
als also significantly favored the double-transplantation
group. In an unplanned subgroup analysis, the authors
found that patients who benefited most from the tandem
transplantation were those who did not achieve a very good
partial response or better after their first transplantation.

TABLE 7. Conventional Chemotherapy vs Single Autologous Hematopoietic Stem Cell Transplantation:
Randomized Trials*

No. of
Reference patients CCT ASCT CCT ASCT CCT ASCT CCT ASCT

IFM 90168,176 200 13 38† 18   28† 44   57†   9 74
MRC7170 401 8 44† 20   32† 42   54† 15 75
MAG91172 190 4  6 19   25† 48 48 22 75
MAG90173 185 57 20 13 39 64 65 78 98
PETHMA175 164 11  30† 33 42 61 66 18 90
S9321174 516 17 15 14% at 7 y 17% at 7 y 38% at 7 y 38% at 7 y 34 82
MMSG171‡ 194 6 25† 16   28† 42 ≥58† 39 92
HOVON-24177§ 303 13 28† 23   24† 50 55 … …

*ASCT = autologous stem cell transplantation; CCT = conventional chemotherapy; CR/VGPR = complete response or very good partial
response; HOVON = Dutch-Belgian Hemato-Oncology Cooperative Group; IFM = Intergroupe Français du Myélome; MAG = Myélome
Autogreffe; MMSG = Italian Multiple Myeloma Study Group; MRC = Medical Research Council; ORR = any response greater than or equal
to a partial response; PETHMA = Programa para el Estudio de la Terapéutica en Hemopatía Maligna; PFS = progression-free survival;
OS = overall survival; SCT = patients known to have undergone an autologous hematopoietic stem cell transplantation.

†Statistically significant.
‡Transplantation arm is 2 low-dose (melphalan, 100 mg/m2) autologous stem cell transplantations.
§Often included in “double transplantation” tables because both arms received melphalan, 70 mg/m2 for 2 doses, without stem cell support

as induction therapy.

TABLE 8. Single vs Double Hematopoietic Stem Cell Transplantation: Randomized Trials*

No. of Follow-up
Reference patients (mo) Single Double P value Single Double P value

IFM 94178 403 75 25 30 .03 48 58 .01
Bologna 96179 228 ~48 21 31 .001 44 at 6 y 63 at 6 y NS
MAG 95181 193 27 41 43 NS 27 22 NS

events events deaths  deaths

*IFM = Intergroupe Français du Myélome; MAG = Myélome Autogreffe; NS = not significant.

CR/VGPR (%) PFS (mo) OS (mo) SCT (%)

Event-free survival (mo) Overall survival (%)
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Cavo et al179 made similar observations in preliminary data,
including the benefit of second transplantation being lim-
ited to patients who do not achieve a very good partial
response or better after their first transplantation.

CONSOLIDATION WITH NOVEL THERAPY

To date, no data are available on the approach of con-
solidative chemotherapy outside the transplantation set-
ting. However, several regimens appear promising and de-
serve consideration in this setting. Two such regimens are
bortezomib, thalidomide, and dexamethasone and mel-
phalan, prednisone, and bortezomib. The bortezomib, tha-
lidomide, and dexamethasone combination has resulted in
high overall (55%-92%) and CR (19%-43%) rates in both
the relapsed182,183 and newly diagnosed104 settings. The
melphalan, prednisone, and bortezomib combination is
also an active regimen.84 In a phase 1/2 trial of 60 elderly
patients, after exclusion of the 3 early deaths and 4 other
early withdrawals from their response analysis, the authors
found that the response rate was 88% overall, including
32% CRs, 11% very good partial responses, and 45% par-
tial responses. The 16-month event-free survival and OS
were 83% and 90%, respectively.

ALLOGENEIC TRANSPLANTATION

Allogeneic transplantation can lead to CR rates of 22% to
67%, including molecular remissions in approximately one
third184-186 and prolonged disease-free survival in approxi-
mately one quarter to one third of patients.174,186,187 The high
treatment-related mortality (10%-63%) and significant
toxic effects from graft-vs-host disease have limited the
role of this procedure in the treatment of myeloma.186,188,189

In a small single-center study of 37 patients with myeloma
who underwent myeloablative allogeneic stem cell trans-
plantation and had a median follow-up of 108 months, the
5-year OS, PFS, and event-free survival were 40%, 54%,
and 24%, respectively, despite a 50% treatment-related
mortality and a median OS of 28 months.190 Outcomes were
similar for the allogeneic stem cell transplantation treat-
ment arm in the S9321 Intergroup study.174

In another effort to reduce allogeneic transplantation–
related mortality, nonmyeloablative, reduced intensity, or
mini stem cell transplantation regimens have been studied
in patients with multiple myeloma. The principle behind
this approach is to harness the improved CR rate and re-
lapse-free mortality seen with a standard full allogeneic
transplantation while eliminating the high treatment-re-
lated mortality rates. Initial trials that evaluated this ap-
proach included relapsed or refractory patients. Such pa-
tients were thought to account at least in part for the poor
outcomes. It also became apparent that this approach was
less useful in patients who had significant residual tumor

burden at the time of the nonmyeloablative transplantation,
which led to the concept of a planned autologous stem cell
transplantation followed a couple of months later with a
reduced-intensity allogeneic stem cell transplantation. The
initial studies had treatment-related mortalities that ap-
proached 25%; the 3-year OS and PFS rates were 41% and
21%, respectively.191 Poor OS was associated with chemo-
resistant disease, more than 1 prior transplantation, and
absence of chronic graft-vs-host disease. Using the planned
tandem autologous and nonmyeloablative allogeneic stem
cell transplantation approach, outcomes have been better,
with treatment-related mortalities of 15% and 2-year OSs
approaching 75%.192-195

Published data are available from only one randomized
trial that addresses allogeneic stem cell transplantation in
high-risk patients.115 The high-risk group in this trial was of
slightly lower risk than what our group defines as high risk
because these authors defined high risk as the presence of
deletion 13 by FISH and of a β

2
-microglobulin level greater

than 3 mg/L. On the basis of biological randomization,
patients were allocated to either double autologous stem
cell transplantation or autologous stem cell transplantation
followed by a reduced-intensity allogeneic stem cell trans-
plantation. Although patients fared better than expected in
both arms, with median OSs of 41 and 35 months, respec-
tively, no significant difference was found between the 2
arms, with a median follow-up of 24 months. The major
criticisms of this study have been that (1) the criteria used
to select high-risk disease did not select for the highest-risk
patients and (2) the reduced-intensity conditioning used
may have been too immunosuppressive, thereby abrogat-
ing the graft vs myeloma effect.

CONSOLIDATION THERAPY CONCLUSIONS

On the basis of currently available data, we recommend
early autologous transplantation for standard-risk patients
eligible to undergo stem cell transplantation, with a second
transplantation offered to those who did not experience a
very good partial response or better with the first transplan-
tation. If such patients are unwilling to undergo stem cell
transplantation, we recommend continuing induction
therapy to maximal response. In the Mayo trial of len-
alidomide-dexamethasone, 14 (67%) of 21 patients not
proceeding to stem cell transplantation achieved a com-
plete or very good partial response by continuing the induc-
tion regimen; overall 2-year PFS and OS rates in this trial
were 74% and 91%, respectively.

In high-risk patients, we prefer nontransplantation con-
solidation approaches instead of transplantation. The ratio-
nale for this recommendation is that despite single or
double HSCT, the median OS of high-risk patients is only 2
years.7,10-13,137,196 Therefore, the benefit with intensive
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therapy in this patient population is too low compared with
the accompanying morbidity to recommend this approach
early in the disease course. However, we continue to rec-
ommend early stem cell collection with the option for trans-
plantation for 2 reasons. First, although OS after transplanta-
tion is consistently poorer in high-risk patients who have
undergone transplantation than in their standard-risk coun-
terparts, no data have shown that the high-risk patients do not
derive a benefit from these intensive strategies; such strate-
gies must be available as an option at the time of relapse.
Second, conditioning regimens better than melphalan at 200
mg/m2 are likely to be developed in the future.

High-quality evidence is lacking to support any single
regimen as standard for nontransplantation consolidation.
However, as discussed earlier, retrospective evidence is
mounting that bortezomib may at least partially overcome
the adverse prognostic influence of deletion 13 and
t(4;14).84,112-114 On the basis of these data, we recommend
that bortezomib-based therapy be used as consolidation in
high-risk patients with myeloma who are ineligible for
stem cell transplantation. In addition, given the markedly
adverse prognosis with standard therapy, we recommend
that, in selected younger patients with high-risk myeloma,
allogeneic stem cell transplantation approaches continue to
be considered as an alternative.

STEM CELL TRANSPLANTATION IN ELDERLY
PATIENTS AND PATIENTS WITH RENAL FAILURE

UNDERGOING HEMODIALYSIS

Guideline for Elderly Patients: For standard-risk el-
derly patients (65-75 years old) without other significant
comorbidities, high-dose chemotherapy with stem cell sup-
port is a legitimate option.

Level of Evidence: III
Grade of Recommendation: B
Age older than 65 years alone is not a contraindication

for transplantation, although no randomized data are avail-
able to prove or disprove its utility in this age group.197,198

Reduced-dose melphalan conditioning (ie, melphalan, 100
mg/m2), even if applied in the context of a double trans-
plantation, is inferior to MPT.75 Doses of 140 to 200 mg/m2

should be used as conditioning.
Guideline for Patients Undergoing Hemodialysis:

Allogeneic stem cell transplantation is not recommended.
Level of Evidence: III
Grade of Recommendation: C
Patients with renal failure, including those undergoing

dialysis, can successfully undergo HSCT with melphalan,
140 mg/m2, with response rates and PFS similar to those in
patients without renal failure, and a small proportion will
even have reversal of their renal failure. Treatment-related

morbidity is higher,199 and their OS is inferior to their
dialysis-independent counterparts.200,201

MAINTENANCE THERAPY AFTER
AUTOLOGOUS STEM CELL TRANSPLANTATION

Guideline for Standard-Risk Patients: No mainte-
nance except in the context of a clinical trial for standard-
risk patients.

Level of Evidence: V
Grade of Recommendation: C
After transplantation, the current standard is bisphos-

phonates and observation. Data are limited regarding the
efficacy of interferon alfa and thalidomide; therefore, their
use cannot be recommended after HSCT off study.202,203

INTERFERON ALFA

In one small randomized trial of 85 patients, a survival
advantage was found at 54 months in favor of the interferon
alfa arm (33% vs 12% alive), but this difference did not
persist with longer follow-up.202 The benefit of interferon
alfa was also supported by a study from the European
Group for Blood and Marrow Transplantation registry. In
this retrospective review of nearly 900 patients, just more
than half of the patients received interferon alfa. The 2
groups were poorly matched, with the interferon-treated
patients being of significantly lower risk.203 Overall sur-
vival was better in the patients who received interferon (78
vs 47 months; P=.007). Paradoxically, the partial response
group had a better OS than the CR group, and there was a
greater survival benefit for patients who achieved a partial
response (97 vs 46 months for interferon vs no interferon;
P=.03) rather than CR (64 vs 51 months; P=.1).

THALIDOMIDE

Continued use of thalidomide and prednisone is feasible,
although its role after transplantation has not yet been
clarified,141,204 and continued study is required. The 2 com-
pleted trials that analyzed this issue are the IFM 99-02140

and Total Therapy 2.92

The IFM 99-02 evaluated the value of maintenance
thalidomide vs no thalidomide in low-risk patients with
myeloma who had undergone tandem allogeneic stem cell
transplantation.140 Although the 3-year event-free survival
(36% vs 52%; P<.009) and the 4-year OS (75% vs 87%;
P=.04) favored the thalidomide maintenance arm, this trial
has several caveats. First, median follow-up was only 39
months. Second, only 65% of the patients in the no mainte-
nance arm actually received thalidomide at relapse. Third,
fewer of the patients in the no maintenance group received
modern salvage with either lenalidomide or bortezomib at
relapse than did the maintenance group (15% vs 38%).
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With such a modest survival benefit, it is possible that this
finding will not survive the test of time.

Total Therapy 2 was a complex regimen in which all
patients received intensive induction, tandem transplanta-
tion, and consolidative chemotherapy. There was random-
ization; however, patients were randomized to receive either
thalidomide throughout their treatment course (including
maintenance) or no thalidomide.92 Because of the intensity of
the program, it is difficult to make sweeping generalizations
about the role thalidomide plays as maintenance therapy, but
there are a few instructive points. Although response rates
and event-free survival rates were significantly better in the
group receiving thalidomide, the OS rates were no different.
This trial exemplifies the danger of placing too much empha-
sis on event-free survival and PFS end points in the context
of maintenance trials. The question always looms of
whether salvage therapy will be as good as maintenance
therapy. These are questions for the current decade.

MAINTENANCE THERAPY FOR HIGH-RISK PATIENTS
AFTER BORTEZOMIB-BASED CONSOLIDATION

THERAPY

Guideline: If patients are not in CR, consider mainte-
nance therapy with thalidomide and prednisone until best
response if no prior use of thalidomide.

Level of Evidence: V
Grade of Recommendation: D

Data on maintenance strategies in high-risk patients have
been discussed earlier in the section on patients ineligible for
transplantation. The risk of relapse is high in this patient pop-
ulation, and our consensus is that high-risk patients not in CR
with consolidation therapy should be offered maintenance
therapy given the high risk of recurrence and early data that
suggest a clinical benefit with maintenance approaches.

MANAGING THROMBOTIC RISK IN PATIENTS
RECEIVING THALIDOMIDE AND

LENALIDOMIDE-BASED THERAPY

Guideline for Single-Agent Thalidomide or Lena-
lidomide: No anticoagulant recommended.

Level of Evidence: III
Grade of Recommendation: A
Guideline for Thalidomide or Lenalidomide When

Given in Combination With a Low-Intensity Cortico-
steroid: Aspirin, 325 mg orally daily.

Level of Evidence: III
Grade of Recommendation: B
Guideline for Thalidomide or Lenalidomide When

Given in Combination With High-Dose Dexametha-
sone, Doxorubicin, Liposomal Doxorubicin, or Eryth-
ropoietin:  Prophylactic low-molecular-weight heparin
(equivalent of enoxaparin, 40 mg subcutaneously daily) or
full-dose warfarin to a therapeutic international normalized
ratio of 2 to 3.

TABLE 9. Risk of Immunomodulatory Drug–Associated Thromboembolism*

No. of % with
Reference patients Regimen Prophylaxis thromboembolism

Zangari et al,205 2004 134 TT2 No 14
87 TT2 and thalidomide No 34
35 TT2 and thalidomide Low-dose warfarin 31
62 TT2 Enoxaparin, 40 mg/d  15
68 TT2 and thalidomide Enoxaparin, 40 mg/d 15

Baz et al,206 2005 19 T-DVd No 58
26 T-DVd Late aspirin 15
58 T-DVd Aspirin 19

Rajkumar et al,98 2005 34 Lenalidomide-dexamethasone Aspirin 0
Palumbo et al,78 2006 65 MPT No 17

64 MPT Enoxaparin, 40 mg/d 3
Palumbo et al,87 2006 50 MPR Aspirin 2
Rajkumar et al,88 2006 102 Thalidomide-dexamethasone No 17

102 Dexamethasone No 3
Rajkumar et al,163  2006 132 Lenalidomide-dexamethasone No 18

134 Lenalidomide and No 4
low-dose dexamethasone

Knight et al,207 2006 87 Lenalidomide-dexamethasone No 23
and erythropoietin

83 Lenalidomide-dexamethasone No 5
67 Dexamethasone and erythropoietin No 7

103 Dexamethasone No 1

*MPR = melphalan, dexamethasone, and lenalidomide; MPT = melphalan, prednisone, and thalidomide; T-DVd = thalidomide,
pegylated doxorubicin, vincristine, and dexamethasone; TT2 = total therapy 2 (a complex anthracycline-containing multiagent
chemotherapy regimen).
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Level of Evidence: V
Grade of Recommendation: D
Thrombosis is an important complication in patients un-

dergoing treatment with IMiDs (thalidomide or lenalido-
mide). As single agents, there does not appear to be any
heightened risk; however, concomitant chemotherapy,78 es-
pecially anthracyclines,205,206 high-dose corticosteroids,88,98,163

and erythropoietin,207 appears to increase the risk of throm-
bosis to as high as 58% (Table 9). Prophylactic low-molecu-
lar-weight heparin (eg, enoxaparin, 40 mg daily)78,205 abro-
gates that risk. Daily aspirin also appears to be protective in
the lower-risk setting.87,88,207 Low-dose warfarin is not pro-
tective. Although full anticoagulation with full-dose war-
farin is commonly recommended, no trial data are available
to substantiate this recommendation; the concern with war-
farin anticoagulation is the difficulty of maintaining a thera-
peutic international normalized ratio while cycling the
IMiDs, corticosteroids, and other chemotherapeutic agents.
It is for this reason that the current recommendation for
thromboembolism protection in intermediate-risk patients is
either aspirin or warfarin. The risk of bleeding when using
any of the thromboembolism protective agents must be
weighed against the risk of bleeding in any given patient.

APPENDIX. Levels of Evidence and Grade of Evidence
for Recommendations

Level Type of evidence

I Evidence from meta-analysis of multiple, well-designed,
controlled studies; randomized trials with low false-positive
and low false-negative errors (high power)

II Evidence from at least 1 well-designed experimental study;
randomized trials with high false-positive and/or negative
errors (low power)

III Evidence from well-designed, quasiexperimental studies, such
as nonrandomized, controlled single-group, prepost, cohort,
time, or matched case-control series

IV Evidence from well-designed, nonexperimental studies, such as
comparative and correlational descriptive and case studies

V Evidence from case reports and clinical examples

Grade Grade for recommendation

A Evidence of type I or consistent findings from multiple studies
of types II, III, or IV

B Evidence of types II, III, or IV, and findings are generally
consistent

C Evidence of types II, III, or IV, but findings are inconsistent
D Little or no systematic empirical evidence



Mayo Clin Proc.     •     March 2007;82(3):323-341     •     www.mayoclinicproceedings.com338

TREATMENT OF NEWLY DIAGNOSED MULTIPLE MYELOMA

For personal use. Mass reproduce only with permission from Mayo Clinic Proceedings.For personal use. Mass reproduce only with permission from Mayo Clinic Proceedings.

29. Chng WJ, Ketterling RP, Fonseca R. Analysis of genetic abnormalities
provides insights into genetic evolution of hyperdiploid myeloma. Genes
Chromosomes Cancer. 2006;45:1111-1120.

30. Gould J, Alexanian R, Goodacre A, Pathak S, Hecht B, Barlogie B.
Plasma cell karyotype in multiple myeloma. Blood. 1988;71:453-456.

31. Seong C, Delasalle K, Hayes K, et al. Prognostic value of cytogenetics
in multiple myeloma. Br J Haematol. 1998;101:189-194.

32. Debes-Marun CS, Dewald GW, Bryant S, et al. Chromosome
abnormalities clustering and its implications for pathogenesis and prognosis in
myeloma. Leukemia. 2003;17:427-436.

33. Shaughnessy J Jr, Tian E, Sawyer J, et al. Prognostic impact of
cytogenetic and interphase fluorescence in situ hybridization-defined chro-
mosome 13 deletion in multiple myeloma: early results of total therapy II. Br J
Haematol. 2003;120:44-52.

34. Fonseca R, Debes-Marun CS, Picken EB, et al. The recurrent IgH
translocations are highly associated with nonhyperdiploid variant multiple
myeloma. Blood. 2003 Oct 1;102:2562-2567. Epub 2003 Jun 12.

35. Garcia-Sanz R, Orfao A, Gonzalez M, et al. Primary plasma cell
leukemia: clinical, immunophenotypic, DNA ploidy, and cytogenetic charac-
teristics. Blood. 1999;93:1032-1037.

36. Drach J, Schuster J, Nowotny H, et al. Multiple myeloma: high
incidence of chromosomal aneuploidy as detected by interphase fluorescence
in situ hybridization. Cancer Res. 1995;55:3854-3859.

37. Perez-Simon JA, Garcia-Sanz R, Tabernero MD, et al. Prognostic value
of numerical chromosome aberrations in multiple myeloma: a FISH analysis of
15 different chromosomes. Blood. 1998;91:3366-3371.

38. Fonseca R, Harrington D, Oken MM, et al. Biological and prognostic
significance of interphase fluorescence in situ hybridization detection of
chromosome 13 abnormalities (delta13) in multiple myeloma: an Eastern
Cooperative Oncology Group study. Cancer Res. 2002;62:715-720.

39. Chng WJ, Santana-Davila R, Van Wier SA, et al. Prognostic factors for
hyperdiploid-myeloma: effects of chromosome 13 deletions and IgH trans-
locations. Leukemia. 2006;20:807-813.

40. Tricot G, Sawyer JR, Jagannath S, et al. Unique role of cytogenetics in
the prognosis of patients with myeloma receiving high-dose therapy and
autotransplants. J Clin Oncol. 1997;15:2659-2666.

41. Desikan R, Barlogie B, Sawyer J, et al. Results of high-dose therapy for
1000 patients with multiple myeloma: durable complete remissions and
superior survival in the absence of chromosome 13 abnormalities. Blood. 2000;
95:4008-4010.

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

43. Fonseca R, Oken MM, Harrington D, et al. Deletions of chromosome 13
in multiple myeloma identified by interphase FISH usually denote large
deletions of the q arm or monosomy. Leukemia. 2001;15:981-986.

44. Worel N, Greinix H, Ackermann J, et al. Deletion of chromosome
13q14 detected by fluorescence in situ hybridization has prognostic impact on
survival after high-dose therapy in patients with multiple myeloma. Ann
Hematol. 2001;80:345-348.

45. Chesi M, Kuehl WM, Bergsagel PL. Recurrent immunoglobulin gene
translocations identify distinct molecular subtypes of myeloma. Ann Oncol.
2000;11(suppl):131-135.

46. Fonseca R, Blood EA, Oken MM, et al. Myeloma and the t(11;14)(q13;q32):
evidence for a biologically defined unique subset of patients. Blood. 2002;99:
3735-3741.

47. Shaughnessy J Jr, Gabrea A, Qi Y, et al. Cyclin D3 at 6p21 is dys-
regulated by recurrent chromosomal translocations to immunoglobulin loci in
multiple myeloma. Blood. 2001;98:217-223.

48. Chesi M, Nardini E, Brents LA, et al. Frequent translocation
t(4;14)(p16.3;q32.3) in multiple myeloma is associated with increased
expression and activating mutations of fibroblast growth factor receptor 3. Nat
Genet. 1997;16:260-264.

49. Chesi M, Nardini E, Lim RS, Smith KD, Kuehl WM, Bergsagel PL. The
t(4;14) translocation in myeloma dysregulates both FGFR3 and a novel gene,
MMSET, resulting in IgH/MMSET hybrid transcripts. Blood. 1998;92:3025-
3034.

50. Richelda R, Ronchetti D, Baldini L, et al. A novel chromosomal
translocation t(4; 14)(p16.3;q32) in multiple myeloma involves the fibroblast
growth-factor receptor 3 gene. Blood. 1997;90:4062-4070.

51. Avet-Loiseau H, Li JY, Facon T, et al. High incidence of translocations
t(11;14)(q13;q32) and t(4;14)(p16;q32) in patients with plasma cell malig-
nancies. Cancer Res. 1998;58:5640-5645.

52. Fonseca R, Conte G, Greipp PR. Laboratory correlates in multiple
myeloma: how useful for prognosis? Blood Rev. 2001;15:97-102.

53. Avet-Loiseau H, Li JY, Godon C, et al. P53 deletion is not a frequent
event in multiple myeloma. Br J Haematol. 1999;106:717-719.

54. Drach J, Ackermann J, Fritz E, et al. Presence of a p53 gene deletion in
patients with multiple myeloma predicts for short survival after conventional-
dose chemotherapy. Blood. 1998;92:802-809.

55. Portier M, Moles JP, Mazars GR, et al. p53 and RAS gene mutations in
multiple myeloma. Oncogene. 1992;7:2539-2543.

56. Corradini P, Inghirami G, Astolfi M, et al. Inactivation of tumor
suppressor genes, p53 and Rb1, in plasma cell dyscrasias. Leukemia. 1994;8:
758-767.

57. Mazars G-R, Portier M, Zhang XG, et al. Mutations of the p53 gene in
human myeloma cell lines. Oncogene. 1992;7:1015-1018.

58. Neri A, Baldini L, Trecca D, Cro L, Polli E, Maiolo AT. p53 gene
mutations in multiple myeloma are associated with advanced forms of
malignancy. Blood. 1993;81:128-135.

59. Preudhomme C, Facon T, Zandecki M, et al. Rare occurrence of P53
gene mutations in multiple myeloma. Br J Haematol. 1992;81:440-443.

60. Greipp PR, Katzmann JA, O’Fallon WM, Kyle RA. Value of β
2
-

microglobulin level and plasma cell labeling indices as prognostic factors in
patients with newly diagnosed myeloma. Blood. 1988;72:219-223.

61. Greipp PR, Lust JA, O’Fallon WM, Katzmann JA, Witzig TE, Kyle RA.
Plasma cell labeling index and β

2
-microglobulin predict survival independent

of thymidine kinase and C-reactive protein in multiple myeloma. Blood. 1993;
81:3382-3387.

62. Rajkumar SV, Kyle RA. Multiple myeloma: diagnosis and treatment.
Mayo Clin Proc. 2005;80:1371-1382.

63. Lacy MQ, Dispenzieri A, Gertz MA, et al. Mayo Clinic consensus
statement for the use of bisphosphonates in multiple myeloma. Mayo Clin
Proc. 2006;81:1047-1053.

64. International Myeloma Working Group. Criteria for the classification of
monoclonal gammopathies, multiple myeloma and related disorders: a report of
the International Myeloma Working Group. Br J Haematol. 2003;121:749-757.

65. Kyle R, Remstein E, Therneau T, et al. The natural history of smoldering
(asymptomatic) multiple myeloma [abstract]. Blood. 2005;106:949a. Abstract
3396.

66. Riccardi A, Ucci G, Luoni R, et al, Cooperative Group of Study and
Treatment of Multiple Myeloma. Treatment of multiple myeloma according to
the extension of the disease: a prospective, randomised study comparing a less
with a more aggressive cystostatic policy. Br J Cancer. 1994;70:1203-1210.

67. Riccardi A, Mora O, Tinelli C, et al, Cooperative Group of Study and
Treatment of Multiple Myeloma. Long-term survival of stage I multiple
myeloma given chemotherapy just after diagnosis or at progression of the
disease: a multicentre randomized study. Br J Cancer. 2000;82:1254-1260.

68. Hjorth M, Hellquist L, Holmberg E, Magnusson B, Rodjer S, Westin J,
Myeloma Group of Western Sweden. Initial versus deferred melphalan-
prednisone therapy for asymptomatic multiple myeloma stage I: a randomized
study. Eur J Haematol. 1993;50:95-102.

69. Rajkumar SV, Dispenzieri A, Kyle RA. Monoclonal gammopathy of
undetermined significance, Waldenström macroglobulinemia, AL amyloido-
sis, and related plasma cell disorders: diagnosis and treatment. Mayo Clin Proc.
2006;81:693-703.

70. Weber D, Wang LM, Delasalle K, Smith T, Alexanian R. Risk factors
for early progression of asymptomatic multiple myeloma [abstract]. Hematol J.
2003;4(suppl):S31.

71. Cesana C, Klersy C, Barbarano L, et al. Prognostic factors for malignant
transformation in monoclonal gammopathy of undetermined significance and
smoldering multiple myeloma. J Clin Oncol. 2002;20:1625-1634.

72. Witzig TE, Kyle RA, O’Fallon WM, Greipp PR. Detection of peripheral
blood plasma cells as a predictor of disease course in patients with smouldering
multiple myeloma. Br J Haematol. 1994;87:266-272.

73. Xiong Y, Donovan KA, Kline MP, et al. Identification of two groups of
smoldering multiple myeloma patients who are either high or low producers of
interleukin-1. J Interferon Cytokine Res. 2006;26:83-95.

74. Treatment of myeloma: comparison of melphalan, chlorambucil, and
azathioprine. Arch Intern Med. 1975;135:157-162.

75. Facon T, Mary J, Harousseau J, et al. Superiority of melphalan-
prednisone (MP) + thalidomide (THAL) over MP and autologous stem cell
transplantation in the treatment of newly diagnosed elderly patients with
multiple myeloma [abstract]. J Clin Oncol. 2006;24(suppl):1s. Abstract 1.

76. Myeloma Trialists’ Collaborative Group. Combination chemotherapy
versus melphalan plus prednisone as treatment for multiple myeloma: an
overview of 6,633 patients from 27 randomized trials. J Clin Oncol. 1998;
16:3832-3842.

77. Facon T, Mary JY, Pegourie B, et al, Intergroupe Francophone du
Myelome (IFM) group. Dexamethasone-based regimens versus melphalan-
prednisone for elderly multiple myeloma patients ineligible for high-dose
therapy. Blood. 2006 Feb 15;107:1292-1298. Epub 2005 Sep 20.

78. Palumbo A, Bringhen S, Caravita T, et al, Italian Multiple Myeloma
Network, GIMEMA. Oral melphalan and prednisone chemotherapy plus



Mayo Clin Proc.     •     March 2007;82(3):323-341     •     www.mayoclinicproceedings.com 339

TREATMENT OF NEWLY DIAGNOSED MULTIPLE MYELOMA

For personal use. Mass reproduce only with permission from Mayo Clinic Proceedings.For personal use. Mass reproduce only with permission from Mayo Clinic Proceedings.

thalidomide compared with melphalan and prednisone alone in elderly patients
with multiple myeloma: randomised controlled trial. Lancet. 2006;367:825-831.

79. Facon T, Mary JY, Hulin C, et al. Major superiority of melphalan-
prednisone (MP) + thalidomide (THAL) over MP and autologous stem cell
transplantation in the treatment of newly diagnosed elderly patients with
multiple myeloma [abstract]. Blood. 2005;106:230a. Abstract 780.

80. Ludwig H, Drach J, Tóthóva E, et al. Thalidomide-dexamethasone versus
melphalan-prednisolone as first line treatment in elderly patients with multiple
myeloma: an interim analysis [abstract]. Blood. 2005;106:231a. Abstract 782.

81. Rajkumar SV, Hussein M, Catalano J, et al. A multicenter, randomized,
double-blind, placebo-controlled trial of thalidomide plus dexamethasone
versus dexamethasone alone as initial therapy for newly diagnosed multiple
myeloma [abstract]. J Clin Oncol. 2006;24(suppl):426s. Abstract 7517.

82. Dimopoulos MA, Anagnostopoulos A, Terpos E, et al, Greek Myeloma
Study Group. Primary treatment with pulsed melphalan, dexamethasone
and thalidomide for elderly symptomatic patients with multiple myeloma.
Haematologica. 2006;91:252-254.

83. Offidani M, Corvatta L, Piersantelli MN, et al. Thalidomide, dexameth-
asone, and pegylated liposomal doxorubicin (ThaDD) for patients older than
65 years with newly diagnosed multiple myeloma. Blood. 2006 Oct 1;108:
2159-2164. Epub 2006 Jun 8.

84. Mateos MV, Hernandez JM, Hernandez MT, et al. Bortezomib plus
melphalan and prednisone in elderly untreated patients with multiple myeloma:
results of a multicenter phase 1/2 study. Blood. 2006 Oct 1;108:2165-2172.
Epub 2006 Jun 13.

85. Hussein MA, Baz R, Srkalovic G, et al. Phase 2 study of pegylated
liposomal doxorubicin, vincristine, decreased-frequency dexamethasone, and
thalidomide in newly diagnosed and relapsed-refractory multiple myeloma.
Mayo Clin Proc. 2006;81:889-895.

86. Klueppelberg U, Shapira I, Smith E, et al. Treatment of newly
diagnosed, inner-city multiple myeloma patients with low-dose thalidomide in
combination with dexamethasone and zoledronate: a phase II trial [abstract].
Blood. 2005;106:379b. Abstract 5180.

87. Palumbo A, Falco P, Benevolo G, et al. Oral lenalidomide plus
melphalan and prednisone (R-MP) for newly diagnosed multiple myeloma
[abstract]. J Clin Oncol. 2006;24(suppl):426s. Abstract 7518.

88. Rajkumar SV, Blood E, Vesole D, Fonseca R, Greipp PR, Eastern
Cooperative Oncology Group. Phase III clinical trial of thalidomide plus
dexamethasone compared with dexamethasone alone in newly diagnosed
multiple myeloma: a clinical trial coordinated by the Eastern Cooperative
Oncology Group. J Clin Oncol. 2006 Jan 20;24:431-436. Epub 2005 Dec
19.

89. Rifkin RM, Gregory SA, Mohrbacher A, Hussein MA. Pegylated
liposomal doxorubicin, vincristine, and dexamethasone provide significant
reduction in toxicity compared with doxorubicin, vincristine, and dexa-
methasone in patients with newly diagnosed multiple myeloma: a phase III
multicenter randomized trial. Cancer. 2006;106:848-858.

90. Dimopoulos MA, Pouli A, Zervas K, et al, Greek Myeloma Study
Group. Prospective randomized comparison of vincristine, doxorubicin and
dexamethasone (VAD) administered as intravenous bolus injection and VAD
with liposomal doxorubicin as first-line treatment in multiple myeloma. Ann
Oncol. 2003;14:1039-1044.

91. Goldschmidt H, Sonneveld P, Breitkreuz I, et al. HOVON 50/GMMG-
HD3-Trial: phase III study on the effect of thalidomide combined with high
dose melphalan in myeloma patients up to 65 years [abstract]. Blood. 2005;
106:128a. Abstract 424.

92. Barlogie B, Tricot G, Anaissie E, et al. Thalidomide and hematopoietic-
cell transplantation for multiple myeloma. N Engl J Med. 2006;354:1021-
1030.

93. Rajkumar SV, Dispenzieri A, Fonseca R, et al. Thalidomide for
previously untreated indolent or smoldering multiple myeloma. Leukemia.
2001;15:1274-1276.

94. Rajkumar SV, Gertz MA, Lacy MQ, et al. Thalidomide as initial ther-
apy for early-stage myeloma. Leukemia. 2003;17:775-779.

95. Weber D, Rankin K, Gavino M, Delasalle K, Alexanian R. Thalidomide
alone or with dexamethasone for previously untreated multiple myeloma. J
Clin Oncol. 2003;21:16-19.

96. Rajkumar SV, Hayman S, Gertz MA, et al. Combination therapy with
thalidomide plus dexamethasone for newly diagnosed myeloma. J Clin Oncol.
2002;20:4319-4323.

97. Sidra G, Williams CD, Russell NH, Zaman S, Myers B, Byrne JL.
Combination chemotherapy with cyclophosphamide, thalidomide and dexa-
methasone for patients with refractory, newly diagnosed or relapsed myeloma.
Haematologica. 2006;91:862-863.

98. Rajkumar SV, Hayman SR, Lacy MQ, et al. Combination therapy with
lenalidomide plus dexamethasone (Rev/Dex) for newly diagnosed myeloma.
Blood. 2005 Dec 15;106:4050-4053. Epub 2005 Aug 23.

99. Niesvizky R, Jayabalan DS, Furst JR, et al. Clarithromycin, lenalidomide
and dexamethasone combination therapy as primary treatment of multiple
myeloma [abstract]. J Clin Oncol. 2006;24(suppl):433s. Abstract 7545.
100. Jagannath S, Durie BG, Wolf J, et al. Bortezomib therapy alone and in

combination with dexamethasone for previously untreated symptomatic
multiple myeloma. Br J Haematol. 2005;129:776-783.
101. Jagannath S, Durie B, Wolf J, et al. Bortezomib therapy alone and in

combination and dexamathasone for patients with previously untreated
multiple myeloma [abstract]. Blood. 2005;106:231a. Abstract 783.
102. Anderson K, Richardson P, Chanan-Khan A, et al. Single-agent

bortezomib in previously untreated multiple myeloma (MM): results of a phase
II multicenter study [abstract]. J Clin Oncol. 2006;24(suppl):423s. Abstract
7504.
103. Harousseau JL, Attal M, Coiteux V, et al. Bortezomib plus dexameth-

asone as induction treatment prior to autologous stem cell transplantation in
patients with newly diagnosed multiple myeloma: preliminary results of an
IFM phase II study [abstract]. J Clin Oncol. 2005;23(suppl):598s. Abstract
6653.
104. Wang M, Delasalle K, Giralt S, Alexanian R. Rapid control of previously

untreated multiple myeloma with bortezomib-thalidomide-dexamethasone
followed by early intensive therapy [abstract]. Blood. 2005;106:231a. Abstract
784.
105. Hussein MA, Wood L, Hsi E, et al. A phase II trial of pegylated

liposomal doxorubicin, vincristine, and reduced-dose dexamethasone
combination therapy in newly diagnosed multiple myeloma patients. Cancer.
2002;95:2160-2168.
106. Hassoun H, Reich L, Klimek VM, et al. Doxorubicin and dexamethasone

followed by thalidomide and dexamethasone is an effective well tolerated initial
therapy for multiple myeloma. Br J Haematol. 2006;132:155-161.
107. Zervas K, Dimopoulos MA, Hatzicharissi E, et al, Greek Myeloma

Study Group. Primary treatment of multiple myeloma with thalidomide,
vincristine, liposomal doxorubicin and dexamethasone (T-VAD doxil): a phase
II multicenter study. Ann Oncol. 2004;15:134-138.
108. Oakervee HE, Popat R, Curry N, et al. PAD combination therapy (PS-

341/bortezomib, doxorubicin and dexamethasone) for previously untreated
patients with multiple myeloma. Br J Haematol. 2005;129:755-762.
109. Popat R, Oakervee HE, Curry N, et al. Reduced dose PAD combination

therapy (PS-341/bortezomib, adriamycin and dexamethasone) for previously
untreated patients with multiple myeloma [abstract]. Blood. 2005;106:717a-
718a. Abstract 2554.
110. Badros A, Rapoport A, Goloubeva O, et al. Phase I trial of bortezomib

(V) in combination with “DT-PACE”: toxicity, stem cell collection and
engraftment in newly diagnosed multiple myeloma (MM) patients (Pts)
[abstract]. Blood. 2005;106:771a. Abstract 2747.
111. Barlogie B, Tricot G, Rasmussen E, et al. Total therapy 2 without

thalidomide in comparison with total therapy 1: role of intensified induction
and posttransplantation consolidation therapies. Blood. 2006 Apr 1;107:2633-
2638. Epub 2005 Dec 1.
112. Chang H, Trieu Y, Qi X, Xu W, Stewart KA, Reece D. Bortezomib

therapy response is independent of cytogenetic abnormalities in relapsed/
refractory multiple myeloma. Leuk Res. 2006 Sep 20; [Epub ahead of print].
113. Jagannath S, Richardson PG, Sonneveld P, et al. Bortezomib appears to

overcome the poor prognosis conferred by chromosome 13 deletion in phase 2
and 3 trials. Leukemia. 2007 Jan;21:151-157. Epub 2006 Nov 9.
114. Sagaster V, Ludwig H, Kaufmann H, et al. Bortezomib in relapsed

multiple myeloma: response rates and duration of response are independent of a
chromosome 13q-deletion. Leukemia. 2007 Jan;21:164-168. Epub 2006 Nov 9.
115. 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 May 1;107:3474-
3480. Epub 2006 Jan 5.
116. Moreau P, Hullin C, Garban F, et al, Intergroupe Francophone du

Myelome group. Tandem autologous stem cell transplantation in high-risk de
novo multiple myeloma: final results of the prospective and randomized IFM
99-04 protocol. Blood. 2006 Jan 1;107:397-403. Epub 2005 Sep 6.
117. Kyle RA, Pierre RV, Bayrd ED. Multiple myeloma and acute

myelomonocytic leukemia. N Engl J Med. 1970;283:1121-1125.
118. Nordenson NG. Myelomatosis: a clinical review of 310 cases. Acta Med

Scand Suppl. 1966;445:178-186.
119. Edwards GA, Zawadzki ZA. Extraosseous lesions in plasma cell

myeloma: a report of six cases. Am J Med. 1967;43:194-205.
120. Gonzalez F, Trujillo JM, Alexanian R. Acute leukemia in multiple

myeloma. Ann Intern Med. 1977;86:440-443.
121. Bergsagel DE, Bailey AJ, Langley GR, MacDonald RN, White DF,

Miller AB. The chemotherapy on plasma-cell myeloma and the incidence of
acute leukemia. N Engl J Med. 1979;301:743-748.



Mayo Clin Proc.     •     March 2007;82(3):323-341     •     www.mayoclinicproceedings.com340

TREATMENT OF NEWLY DIAGNOSED MULTIPLE MYELOMA

For personal use. Mass reproduce only with permission from Mayo Clinic Proceedings.For personal use. Mass reproduce only with permission from Mayo Clinic Proceedings.

122. MacLennan IC, Kelly K, Crockson RA, Cooper EH, Cuzick J, Chapman
C. Results of the MRC myelomatosis trials for patients entered since 1980.
Hematol Oncol. 1988;6:145-158.
123. MacLennan IC, Cusick J, Medical Research Council Working Party on

Leukaemia in Adults. Objective evaluation of the role of vincristine in induction
and maintenance therapy for myelomatosis. Br J Cancer. 1985;52: 153-158.
124. Remission maintenance therapy for multiple myeloma. Arch Intern

Med. 1975;135:147-152.
125. Cohen HJ, Bartolucci AA, Forman WB, Silberman HR. Consolidation

and maintenance therapy in multiple myeloma: randomized comparison of a
new approach to therapy after initial response to treatment. J Clin Oncol.
1986;4:888-899.
126. Peest D, Deicher H, Coldewey R, Schmoll HJ, Schedel I. Induction and

maintenance therapy in multiple myeloma: a multicenter trial of MP versus
VCMP. Eur J Cancer Clin Oncol. 1988;24:1061-1067.
127. Belch A, Shelley W, Bergsagel D, et al. A randomized trial of

maintenance versus no maintenance melphalan and prednisone in responding
multiple myeloma patients. Br J Cancer. 1988;57:94-99.
128. Kildahl-Andersen O, Bjark P, Bondevik A, et al. Multiple myeloma in

central and northern Norway 1981-1982: a follow-up study of a randomized
clinical trial of 5-drug combination therapy versus standard therapy. Eur J
Haematol. 1988;41:47-51.
129. Medical Research Council’s Working Party on Leukaemia in Adults.

Treatment comparisons in the third MRC myelomatosis trial. Br J Cancer. 1980;
42:823-830.
130. Alexanian R, Gehan E, Haut A, Saiki J, Weick J. Unmaintained re-

missions in multiple myeloma. Blood. 1978;51:1005-1011.
131. Berenson JR, Crowley JJ, Grogan TM, et al. Maintenance therapy with

alternate-day prednisone improves survival in multiple myeloma patients.
Blood. 2002;99:3163-3168.
132. Alexanian R, Weber D, Dimopoulos M, Delasalle K, Smith TL.

Randomized trial of α-interferon or dexamethasone as maintenance treatment
for multiple myeloma. Am J Hematol. 2000;65:204-209.
133. Mandelli F, Avvisati G, Amadori S, et al. Maintenance treatment with

recombinant interferon alfa-2b in patients with multiple myeloma responding
to conventional induction chemotherapy. N Engl J Med. 1990;322:1430-1434.
134. Ludwig H, Fritz E. Interferon in multiple myeloma: summary of

treatment results and clinical implications. Acta Oncol. 2000;39:815-821.
135. Myeloma Trialists’ Collaborative Group. Interferon as therapy for

multiple myeloma: an individual patient data overview of 24 randomized trials
and 4012 patients. Br J Haematol. 2001;113:1020-1034.
136. Brenning G, Ahre A, Nilsson K. Correlation between in vitro and in

vivo sensitivity to human leucocyte interferon in patients with multiple
myeloma. Scand J Haematol. 1985;35:543-549.
137. Gertz MA, Lacy MQ, Dispenzieri A, et al. Clinical implications of

t(11;14)(q13;q32), t(4;14)(p16.3;q32), and –17p13 in myeloma patients treated
with high-dose therapy. Blood. 2005 Oct 15;106:2837-2840. Epub 2005 Jun 23.
138. Chang H, Sloan S, Li D, et al. The t(4;14) is associated with poor

prognosis in myeloma patients undergoing autologous stem cell transplant. Br
J Haematol. 2004;125:64-68.
139. Chang H, Qi C, Yi QL, Reece D, Stewart AK. p53 gene deletion

detected by fluorescence in situ hybridization is an adverse prognostic factor
for patients with multiple myeloma following autologous stem cell
transplantation. Blood. 2005 Jan 1;105:358-360. Epub 2004 Aug 31.
140. Attal M, Harousseau JL, Leyvraz S, et al, Inter-Groupe Francophone du

Myelome (IFM). Maintenance therapy with thalidomide improves survival in
patients with multiple myeloma. Blood. 2006 Nov 15;108:3289-3294. Epub
2006 Jul 27.
141. Stewart AK, Chen CI, Howson-Jan K, et al. Results of a multicenter

randomized phase II trial of thalidomide and prednisone maintenance therapy
for multiple myeloma after autologous stem cell transplant. Clin Cancer Res.
2004;10:8170-8176.
142. Rajkumar SV, Jacobus S, Callander N, Fonseca R, Vesole D, Greipp P.

A randomized phase III trial of lenalidomide plus high-dose dexamethasone
versus lenalidomide plus low-dose dexamethasone in newly diagnosed
multiple myeloma (E4A03): a trial coordinated by the Eastern Cooperative
Oncology Group [abstract]. Blood. 2006;108:239a. Abstract 799.
143. Harousseau JL, Attal M, Leleu X, et al. Bortezomib plus dexameth-

asone as induction treatment prior to autologous stem cell transplantation in
patients with newly diagnosed multiple myeloma: results of an IFM phase II
study. Haematologica. 2006 Nov;91:1498-1505. Epub 2006 Oct 17.
144. Barlogie B, Smith L, Alexanian R. Effective treatment of advanced

multiple myeloma refractory to alkylating agents. N Engl J Med. 1984;310:1353-
1356.
145. Forgeson GV, Selby P, Lakhani S, et al. Infused vincristine and adria-

mycin with high dose methylprednisolone (VAMP) in advanced previously
treated multiple myeloma patients. Br J Cancer. 1988;58:469-473.

146. Alexanian R, Barlogie B, Tucker S. VAD-based regimens as primary
treatment for multiple myeloma. Am J Hematol. 1990;33:86-89.
147. Samson D, Gaminara E, Newland A, et al. Infusion of vincristine and

doxorubicin with oral dexamethasone as first-line therapy for multiple myeloma.
Lancet. 1989;2:882-885.
148. Attal M, Huguet F, Schlaifer D, et al. Intensive combined therapy for

previously untreated aggressive myeloma. Blood. 1992;79:1130-1136.
149. Raje N, Powles R, Kulkarni S, et al. A comparison of vincristine and

doxorubicin infusional chemotherapy with methylprednisolone (VAMP) with
the addition of weekly cyclophosphamide (C-VAMP) as induction treatment
followed by autografting in previously untreated myeloma. Br J Haematol.
1997;97:153-160.
150. Kars A, Celik I, Kansu E, et al. Maintenance therapy with alpha-

interferon following first-line VAD in multiple myeloma. Eur J Haematol.
1997;59:100-104.
151. Anderson H, Scarffe JH, Ranson M, et al. VAD chemotherapy as

remission induction for multiple myeloma. Br J Cancer. 1995;71:326-330.
152. Segeren CM, Sonneveld P, van der Holt B, et al. Vincristine,

doxorubicin and dexamethasone (VAD) administered as rapid intravenous
infusion for first-line treatment in untreated multiple myeloma. Br J Haematol.
1999;105:127-130.
153. Fossa A, Muer M, Kasper C, Welt A, Seeber S, Nowrousian MR. Bolus

vincristine and epirubicin with cyclophosphamide and dexamethasone
(VECD) as induction and salvage treatment in multiple myeloma. Leukemia.
1998;12:422-426.
154. Tsiara SN, Kapsali E, Christou L, Panteli A, Pritsivelis N, Bourantas

KL. Administration of a modified chemotherapeutic regimen containing
vincristine, liposomal doxorubicin and dexamethasone to multiple myeloma
patients: preliminary data. Eur J Haematol. 2000;65:118-122.
155. Salmon SE, Crowley JJ, Balcerzak SP, et al. Interferon versus interferon

plus prednisone remission maintenance therapy for multiple myeloma: a
Southwest Oncology Group Study. J Clin Oncol. 1998;16:890-896.
156. Alexanian R, Dimopoulos MA, Delasalle K, Barlogie B. Primary

dexamethasone treatment of multiple myeloma. Blood. 1992;80:887-890.
157. Anagnostopoulos A, Aleman A, Williams P, et al. Autologous stem cell

transplantation (ASCT) after nonmyelosuppressive induction therapy with
dexamethasone alone is safe and effective for newly diagnosed multiple
myeloma (MM) pts who receive high dose chemotherapy (HDC). Blood.
2001;98:683a (abstract 2858).
158. Kumar S, Lacy MQ, Dispenzieri A, et al. Single agent dexamethasone

for pre-stem cell transplant induction therapy for multiple myeloma. Bone
Marrow Transplant. 2004;34:485-490.
159. Dispenzieri A, Zhang L, Fonseca R, Vesole DH, Greipp PR. Single

agent bortezomib is associated with a high response rate in patients with high
risk myeloma: a phase II study from the Eastern Cooperative Oncology Group
(E2A02) [abstract]. Blood. 2006;108:1006a. Abstract 3527.
160. Lacy M, Gertz M, Dispenzieri A, et al. Lenalidomide plus dexameth-

asone (rev/dex) in newly diagnosed myeloma: response to therapy, time to
progression, and survival [abstract]. Blood. 2006;108:239a. Abstract 798.
161. Dimopoulos MA, Spencer A, Attal M, et al. Study of lenalidomide plus

dexamethasone versus dexamethasone alone in relapsed or refractory multiple
myeloma (MM): results of a phase 3 study (MM-010) [abstract]. Blood. 2005;
106:6a. Abstract 6.
162. Weber DM, Chen C, Niesvizky R, et al. Lenalidomide plus high-dose

dexamethasone provides improved overall survival compared to high-dose
dexamathasone alone for relapsed or refractory multiple myeloma (MM):
results of a North American phase III study (MM-009) [abstract]. J Clin Oncol.
2006;24(suppl):427s. Abstract 7521.
163. Rajkumar SV, Blood E. Lenalidomide and venous thrombosis in

multiple myeloma. N Engl J Med. 2006;354:2079-2080.
164. Gertz MA, Lacy MQ, Inwards DJ, et al. Early harvest and late

transplantation as an effective therapeutic strategy in multiple myeloma. Bone
Marrow Transplant. 1999;23:221-226.
165. 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.
166. Goldschmidt H, Hegenbart U, Wallmeier M, Hohaus S, Haas R. Factors

influencing collection of peripheral blood progenitor cells following high-dose
cyclophosphamide and granulocyte colony-stimulating factor in patients with
multiple myeloma. Br J Haematol. 1997;98:736-744.
167. Kroger N, Zeller W, Hassan HT, et al. Successful mobilization of

peripheral blood stem cells in heavily pretreated myeloma patients with G-CSF
alone. Ann Hematol. 1998;76:257-262.
168. Attal M, Harousseau JL, Stoppa AM, et al, Intergroupe Francais du

Myelome. A prospective, randomized trial of autologous bone marrow
transplantation and chemotherapy in multiple myeloma. N Engl J Med. 1996;
335:91-97.



Mayo Clin Proc.     •     March 2007;82(3):323-341     •     www.mayoclinicproceedings.com 341

TREATMENT OF NEWLY DIAGNOSED MULTIPLE MYELOMA

For personal use. Mass reproduce only with permission from Mayo Clinic Proceedings.For personal use. Mass reproduce only with permission from Mayo Clinic Proceedings.

169. Lenhoff S, Hjorth M, Holmberg E, et al, Nordic Myeloma Study Group.
Impact on survival of high-dose therapy with autologous stem cell support in
patients younger than 60 years with newly diagnosed multiple myeloma: a
population-based study. Blood. 2000;95:7-11.
170. Child JA, Morgan GJ, Davies FE, et al, Medical Research Council

Adult Leukaemia Working Party. High-dose chemotherapy with hemato-
poietic stem-cell rescue for multiple myeloma. N Engl J Med. 2003;348:1875-
1883.
171. Palumbo A, Bringhen S, Petrucci MT, et al. Intermediate-dose melphalan

improves survival of myeloma patients aged 50 to 70: results of a randomized
controlled trial. Blood. 2004 Nov 15;104:3052-3057. Epub 2004 Jul 20.
172. Fermand JP, Katsahian S, Divine M, et al, Group Myelome-Autogreffe.

High-dose therapy and autologous blood stem-cell transplantation compared
with conventional treatment in myeloma patients aged 55 to 65 years: long-
term results of a randomized control trial from the Group Myelome-
Autogreffe. J Clin Oncol. 2005 Dec 20;23:9227-9233. Epub 2005 Nov 7.
173. 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.
174. Barlogie B, Kyle RA, Anderson KC, et al. Standard chemotherapy

compared with high-dose chemoradiotherapy for multiple myeloma: final
results of phase III US Intergroup Trial S9321 [published correction appears in
J Clin Oncol. 2006;24:2687]. J Clin Oncol. 2006 Feb 20;24:929-936. Epub
2006 Jan 23.
175. Blade J, Rosinol L, Sureda A, et al, Programa para el Estudio de la Tera-

peutica en Hemopatia Maligna (PETHEMA). High-dose therapy intensifica-
tion compared with continued standard chemotherapy in multiple myeloma
patients responding to the initial chemotherapy: long-term results from a
prospective randomized trial from the Spanish cooperative group PETHEMA.
Blood. 2005 Dec 1;106:3755-3759. Epub 2005 Aug 16.
176. Harousseau JL, Attal M. The role of stem cell transplantation in

multiple myeloma. Blood Rev. 2002;16:245-253.
177. Sonneveld P, van der Holt B, Vellenga E, et al. Intensive versus double

intensive therapy in untreated multiple myeloma: final analysis of the HOVON
24 trial [abstract]. Blood. 2005;106:715a. Abstract 2545.
178. Attal M, Harousseau JL, Facon T, et al, InterGroupe Francophone du

Myelome. Single versus double autologous stem-cell transplantation for
multiple myeloma [published correction appears in N Engl J Med. 2004;350:
2628]. N Engl J Med. 2003;349:2495-2502.
179. Cavo M, Cellini C, Zamagni E, et al. Superiority of double over single

autologous stem cell transplantation as first-line therapy for multiple myeloma
[abstract]. Blood. 2004;104:155a. Abstract 536.
180. Harousseau JL, Moreau P, Attal M, Facon T, Avet-Loiseau H. Stem-cell

transplantation in multiple myeloma. Best Pract Res Clin Haematol. 2005;18:
603-618.
181. Fermand J-P, Marolleau J-P, Alberti C, et al, Myélome-Autogreffe. In

single versus tandem high dose therapy (HDT) supported with autologous
blood stem cell (ABSC) transplantation using unselected or CD34 enriched
ABSC: preliminary results of a two by two designed randomized trial in 230
young patients with multiple myeloma (MM) [abstract]. Blood. 2001;98:815a.
Abstract 3387.
182. Zangari M, Barlogie B, Hollmig K, et al. Marked activity of velcade

plus thalidomide (V+T) in advanced and refractory multiple myeloma (MM)
[abstract]. Blood. 2004;104:413a. Abstract 1480.
183. Teoh G, Tan D, Hwang W, Koh LP, Chuah C, Ng HJ. Addition of

bortezomib to thalidomide, dexamethasone and zoledronic acid (VTD-Z
regimen) significantly improves complete remission rates in patients with
relapsed/refractory multiple myeloma [abstract]. J Clin Oncol. 2006;24(suppl):
683s. Abstract 17537.
184. Martinelli G, Terragna C, Zamagni E, et al. Molecular remission after

allogeneic or autologous transplantation of hematopoietic stem cells for
multiple myeloma. J Clin Oncol. 2000;18:2273-2281.
185. Corradini P, Cavo M, Lokhorst H, et al, Chronic Leukemia Working

Party of the European Group for Blood and Marrow Transplantation (EBMT).
Molecular remission after myeloablative allogeneic stem cell transplantation
predicts a better relapse-free survival in patients with multiple myeloma.
Blood. 2003 Sep 1;102:1927-1929. Epub 2003 May 8.
186. Bensinger WI, Buckner CD, Anasetti C, et al. Allogeneic marrow

transplantation for multiple myeloma: an analysis of risk factors on outcome.
Blood. 1996;88:2787-2793.
187. Cavo M, Bandini G, Benni M, et al. High-dose busulfan and

cyclophosphamide are an effective conditioning regimen for allogeneic bone

marrow transplantation in chemosensitive multiple myeloma. Bone Marrow
Transplant. 1998;22:27-32.
188. Gahrton G, Tura S, Ljungman P, et al, European Group for Bone

Marrow Transplantation. Allogeneic bone marrow transplantation in multiple
myeloma. N Engl J Med. 1991;325:1267-1273.
189. Gahrton G, Tura S, Ljungman P, et al, European Group for Blood and

Marrow Transplantation. An update of prognostic factors for allogeneic bone
marrow transplantation in multiple myeloma using matched sibling donors.
Stem Cells. 1995;13(suppl):122-125.
190. Kennedy GA, Butler J, Morton J, et al. Myeloablative allogeneic stem

cell transplantation for advanced stage multiple myeloma: very long-term
follow up of a single center experience. Clin Lab Haematol. 2006;28:189-
197.
191. Crawley C, Lalancette M, Szydlo R, et al, Chromic Leukaemia Working

Party of the EBMT. Outcomes for reduced-intensity allogeneic transplantation
for multiple myeloma: an analysis of prognostic factors from the Chronic
Leukaemia Working Party of the EBMT. Blood. 2005 Jun 1;105:4532-4539.
Epub 2005 Feb 24.
192. Maloney DG, Molina AJ, Sahebi F, et al. Allografting with nonmyelo-

ablative conditioning following cytoreductive autografts for the treatment of
patients with multiple myeloma. Blood. 2003 Nov 1;102:3447-3454. Epub
2003 Jul 10.
193. Kroger N, Schwerdtfeger R, Kiehl M, et al. Autologous stem cell

transplantation followed by a dose-reduced allograft induces high complete
remission rate in multiple myeloma. Blood. 2002;100:755-760.
194. Kroger N. Autologous-allogeneic tandem stem cell transplantation in

patients with multiple myeloma. Leuk Lymphoma. 2005;46:813-821.
195. Kroger N, Sayer HG, Schwerdtfeger R, et al. Unrelated stem cell

transplantation in multiple myeloma after a reduced-intensity conditioning
with pretransplantation antithymocyte globulin is highly effective with low
transplantation-related mortality. Blood. 2002 Dec 1;100:3919-3924. Epub
2002 Aug 8.
196. Chang H, Qi XY, Samiee S, et al. Genetic risk identifies multiple

myeloma patients who do not benefit from autologous stem cell transplantation.
Bone Marrow Transplant. 2005;36:793-796.
197. Siegel DS, Desikan KR, Mehta J, et al. Age is not a prognostic variable

with autotransplants for multiple myeloma. Blood. 1999;93:51-54.
198. Badros A, Barlogie B, Morris C, et al. High response rate in refractory

and poor-risk multiple myeloma after allotransplantation using a nonmyelo-
ablative conditioning regimen and donor lymphocyte infusions [published
corrections appear in Blood. 2001;98:271 and 1653]. Blood. 2001;97:2574-
2579.
199. San Miguel JF, Lahuerta JJ, Garcia-Sanz R, et al. Are myeloma patients

with renal failure candidates for autologous stem cell transplantation? Hematol
J. 2000;1:28-36.
200. Lee CK, Zangari M, Barlogie B, et al. Dialysis-dependent renal failure

in patients with myeloma can be reversed by high-dose myeloablative therapy
and autotransplant. Bone Marrow Transplant. 2004;33:823-828.
201. Knudsen LM, Nielsen B, Gimsing P, Geisler C. Autologous stem cell

transplantation in multiple myeloma: outcome in patients with renal failure.
Eur J Haematol. 2005;75:27-33.
202. Cunningham D, Powles R, Malpas J, et al. A randomized trial of

maintenance interferon following high-dose chemotherapy in multiple
myeloma: long-term follow-up results. Br J Haematol. 1998;102:495-502.
203. Bjorkstrand B, Svensson H, Goldschmidt H, et al. Alpha-interferon

maintenance treatment is associated with improved survival after high-dose
treatment and autologous stem cell transplantation in patients with multiple
myeloma: a retrospective registry study from the European Group for Blood
and Marrow Transplantation (EBMT). Bone Marrow Transplant. 2001;27:511-
515.
204. Brinker BT, Waller EK, Leong T, et al. Maintenance therapy with

thalidomide improves overall survival after autologous hematopoietic progenitor
cell transplantation for multiple myeloma. Cancer. 2006;106:2171-2180.
205. Zangari M, Barlogie B, Anaissie E, et al. Deep vein thrombosis in

patients with multiple myeloma treated with thalidomide and chemotherapy:
effects of prophylactic and therapeutic anticoagulation. Br J Haematol. 2004;
126:715-721.
206. Baz R, Li L, Kottke-Marchant K, et al. The role of aspirin in the

prevention of thrombotic complications of thalidomide and anthracycline-
based chemotherapy for multiple myeloma. Mayo Clin Proc. 2005;80:1568-
1574.
207. Knight R, DeLap RJ, Zeldis JB. Lenalidomide and venous thrombosis

in multiple myeloma. N Engl J Med. 2006;354:2079-2080.


