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This Journal feature begins with a case vignette that includes a therapeutic recommendation. A discussion 
of the clinical problem and the mechanism of benefit of this form of therapy follows. Major clinical studies, 

the clinical use of this therapy, and potential adverse effects are reviewed. Relevant formal guidelines,  
if they exist, are presented. The article ends with the authors’ clinical recommendations.
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A previously healthy 59-year-old man presents with persistent pain in his lower back 
and fatigue. A complete blood count reveals a hemoglobin level of 9.8 g per deciliter. 
A monoclonal protein (M component) is detected on serum protein electrophoresis 
and is characterized as an IgG kappa by immunofixation. A radiologic skeletal bone 
survey shows diffuse lytic bone lesions of the vertebrae and the pelvis. The diagnosis 
of multiple myeloma is confirmed by bone marrow aspiration, which reveals an infil-
trate of 32% plasma cells. The serum calcium and creatinine levels are normal, the 
albumin level is 3.7 g per deciliter, and the beta2-microglobulin level is 2.8 mg per li-
ter. Fluorescence in situ hybridization of bone marrow plasma cells shows deletion of 
chromosome 13, with no adverse prognostic factors. Considering the patient’s rela-
tively young age and the absence of coexisting illnesses, a hematologist recommends 
induction therapy followed by high-dose therapy with autologous hematopoietic 
stem-cell transplantation as the initial treatment.

The Clinic a l Problem

Multiple myeloma is a malignant disorder in which plasma cells accumulate in the 
bone marrow and produce an entire immunoglobulin (usually IgG or IgA) or only 
immunoglobulin light chains (kappa or lambda).1 Multiple myeloma accounts for 
approximately 10% of hematologic cancers and 1% of all cancers. The annual inci-
dence is 4 to 6 cases per 100,000 population. The American Cancer Society has 
estimated that more than 19,000 new cases were diagnosed in the United States in 
2008. Multiple myeloma is primarily a disease of the elderly, with a median age 
range at diagnosis of 65 to 70 years. The disease does not occur in children.

Common complications of multiple myeloma include osteolytic bone lesions, 
anemia, renal insufficiency, and infections. Signs and symptoms vary greatly, and 
the presentation may range from incidental abnormalities that are detected on 
routine blood screening to severe clinical manifestations, including paraplegia 
related to spinal cord compression. Multiple myeloma is frequently a painful and 
disabling disease because of bone involvement, which is a common feature. The 
prognosis for patients with multiple myeloma remains poor. The disease is uni-
formly fatal, with a median survival of approximately 3 years with conventional 
chemotherapy, although the outlook has improved somewhat with the advent of 
newer therapies during the past 10 years.

Pathoph ysiol o gy a nd Effec t of Ther a py

On the basis of clinical and genetic data, it has been shown that almost all cases of 
multiple myeloma arise from an asymptomatic premalignant disorder character-
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ized by a proliferation in the bone marrow of 
monoclonal plasma cells derived from post–ger-
minal-center B cells. This condition is called 
monoclonal gammopathy of unknown signifi-
cance (MGUS), and the rate of conversion from 
MGUS to overt multiple myeloma is 1% per year. 
In the general model of myeloma pathogenesis, 
MGUS progresses to nonsymptomatic, or “smol-
dering,” multiple myeloma, then to symptomatic 
intramedullary myeloma, and finally to extra-
medullary myeloma and plasma-cell leukemia.2 
It should be noted that in many patients with 
multiple myeloma, the MGUS and “smoldering” 
stages are clinically unrecognized because of 
their asymptomatic nature.

Recent technological advances have shown 
that genetic abnormalities are present in all pa-
tients with multiple myeloma. The disease is ac-
tually characterized by constant genetic change, 
such as gains or losses of chromosomes in vari-
ous combinations and specific translocations 
affecting primarily the immunoglobulin heavy 
chain (IgH) locus at 14q32.3 and juxtaposing 
strong immunoglobulin gene enhancers against 
different genes, which leads to dysregulation of 
their expression.3,4 Some of these chromosomal 
changes are important prognostic factors. Hyper-
diploidy (an increased number of chromosomes) 
is associated with a better prognosis. A deletion 
of chromosome 17p13 (found in 10% of patients) 
and translocations involving chromosome 14q32.3 
and either chromosome 4p16.3 (found in 15% of 
patients) or chromosome 16q23 (found in 5% of 
patients) are associated with a worse prognosis.5 
A wide variety of additional genetic changes oc-
cur at later stages of the disease, such as muta-
tions of oncogenes (including members of the 
RAS family), secondary translocations in the MYC 
gene, and inactivation of the tumor suppressor 
p53 gene (Fig. 1A).5-7

Multiple myeloma is relatively resistant to 
most conventional chemotherapeutic agents. 
Since the majority of plasma cells are not divid-
ing, cell-cycle–dependent cytotoxic agents are of 
limited effectiveness. Alkylating agents (mel-
phalan and cyclophosphamide) and corticoste-
roids are the most effective conventional agents 
for the treatment of this disease.

Drug resistance in myeloma is related to 
other contributing factors besides the paucity of 
actively dividing cells. Interleukin-6 is a potent 
survival factor in myeloma cells and induces re-

sistance to drug-induced apoptosis. In addition, 
the interaction of myeloma cells with extracel-
lular matrix proteins and bone marrow stromal 
cells, as well as osteoblasts, osteoclasts, and 
endothelial cells, plays a crucial role in the 
pathogenesis of myeloma and drug resistance. 
The bone marrow microenvironment not only 
physically interacts with myeloma cells but also 
secretes antiapoptotic factors8-10 (Fig. 1B).

One way to overcome drug resistance in my-
eloma is to exploit the concept of dose intensity. 
Since the nonhematologic toxicity of melphalan 
is moderate, high doses of intravenous mel-
phalan have been used to increase the rate of 
destruction of tumor cells. However, this treat-
ment induces severe and prolonged myelosup-
pression.

Figure 1 (facing page). Evolution of Multiple Myeloma 
and Interactions between Plasma Cells and the Bone 
Marrow Microenvironment. 

Panel A shows the clinical evolution of multiple myeloma, 
which typically proceeds from a clonal proliferation of 
plasma cells, termed monoclonal gammopathy of un-
determined significance (MGUS), through intramedul-
lary myeloma to extramedullary disease. This sequence 
is accompanied by progressive genetic changes, which 
include chromosomal changes (translocations, dele-
tions, and trisomy), followed in later stages by oncogene 
mutations.3 Panel B shows the adhesion of myeloma 
cells to bone marrow stromal cells, which is mediated 
by specific interactions between cell-surface molecules, 
including the interaction between intercellular adhesion 
molecule 1 (ICAM-1) and leukocyte-function–associated 
antigen 1 (LFA-1) and between very late antigen 4 (VLA-4) 
and vascular-cell adhesion molecule 1 (VCAM-1). These 
interactions trigger transcription and secretion of cyto-
kines. Bone marrow stromal cells secrete interleukin-6, 
which stimulates myeloma-cell growth, proliferation, 
and migration and confers resistance to chemothera-
peutic drugs. Myeloma cells also secrete cytokines, in-
cluding tumor growth factor β, which further up-regu-
lates interleukin-6 and vascular endothelial growth 
factor (VEGF), which stimulates neoangiogenesis. In 
addition, RANKL, which is produced by bone marrow 
stromal cells, and macrophage inflammatory protein 
1α (MIP-1α), which is produced by myeloma cells, 
stimulate osteoclast proliferation, whereas osteoblast 
proliferation is inhibited by interleukin-3, dickkopf 
 homologue 1 (DKK-1), and hepatocyte growth factor 
(HGF). APRIL denotes a proliferation-inducing ligand, 
BAFF blockade of B-cell–activating factor, bFGF basic 
fibroblast growth factor, IGF insulin-like growth factor, 
MUC-1 mucin type 1, NF-κB nuclear factor kappa B, 
RUNX2 runt-related transcription factor 2, SDF-1α 
stromal-cell–derived factor 1α, TGF-β transforming 
growth factor β, and TNF-α tumor necrosis factor α. 
Data are from Hideshima et al.6 and Hideshima et al.7
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The rates of death and complications that are 
associated with high-dose chemotherapy with 
melphalan are markedly reduced by the infusion 
of autologous hematopoietic stem cells that are 
collected before the administration of melphalan 
and are reinfused after such treatment.11,12 Hom-
ing of hematopoietic stem cells to the bone mar-

row microenvironment is poorly understood. How-
ever, there is evidence that the binding of the 
chemokine stromal-cell–derived factor 1 (SDF-1) 
to CXC chemokine receptor 4 (CXCR4), which is 
expressed on hematopoietic stem cells,13 has a 
role (Fig. 2).14 Autologous stem-cell transplanta-
tion has no antitumor effect by itself and is just 

A   The evolution of multiple myeloma

B   Interactions between plasma cells and the bone marrow microenvironment
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a form of supportive management after high-dose 
therapy. By restoring a functioning bone mar-
row soon after treatment, autologous stem-cell 
therapy makes it possible to administer a dose 
of melphalan that would otherwise be lethal.

Although the efficacy of high-dose therapy is 
mostly related to damage to tumor-cell DNA, it 
has been shown recently that agents such as 
thalidomide, bortezomib, and lenalidomide act 
not only on myeloma cells but also on the micro-
environment.8 These agents may thus offer an-
other means of overcoming drug resistance.

Clinic a l E v idence

For more than three decades, a combination of 
oral melphalan and prednisone has been the 
standard treatment for multiple myeloma, and 

more complex combination chemotherapy regi-
mens have not significantly improved survival.11,12 
With this approach, complete remissions are rare 
(occurring in less than 5% of patients), and all 
patients ultimately have a relapse.

Almost 25 years ago, a key therapeutic ad-
vance was the introduction of high-dose mel-
phalan therapy supported by autologous he-
matopoietic stem-cell transplantation.15,16 The 
Intergroupe Francophone du Myélome was the 
first to conduct a randomized trial showing the 
superiority of this approach, as compared with 
conventional chemotherapy, in terms of the re-
sponse rate, event-free survival, and overall sur-
vival.17 These results were confirmed 7 years 
later by the British Medical Research Council.18 
An important finding from these studies was a 
significant increase in the rate of complete re-
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Figure 2. Homing of Autologous Hematopoietic Stem Cells to Bone Marrow.

Hematopoietic stem cells express the chemokine receptor CXCR4, whereas bone marrow stromal cells express chemokine stromal cell–
derived factor 1 (SDF-1). After stem cells are infused into a recipient, SDF-1 activates CXCR4-positive stem cells, stimulating adhesion to 
endothelial cells through interaction between intercellular adhesion molecule 1 (ICAM-1) and leukocyte-function–associated antigen 1 
(LFA-1) and between very late antigen 4 (VLA-4) and vascular-cell adhesion molecule 1 (VCAM-1). These stem cells then extravasate into 
the bone marrow stroma and adhere to stromal cells through similar adhesion interactions between cells. Data are from Peled et al.14
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mission (negative findings on immunofixation)  
or very good partial remission (reduction of the 
M component by more than 90%) with autolo-
gous stem-cell transplantation, results that were 
significantly correlated with prolonged progres-
sion-free survival and overall survival.

Five other published randomized studies have 
compared conventional chemotherapy with au-
tologous stem-cell transplantation.19-23 Overall, 
transplantation improved the response rate (60 
to 80% vs. 50 to 55%), the rate of complete or 
very good partial remission (40 to 45% vs. 
<20%) and progression-free survival (25 to 30 
months vs. 15 to 20 months). However, overall 
survival was significantly improved in only three 
of all seven trials.17,18,20 This is partly explained 
by the positive effect of transplantation at re-
lapse in patients who were initially treated with 
conventional chemotherapy. The use of autolo-
gous stem-cell transplantation either at the time 
of the initial diagnosis or at progression im-
proved the median overall survival from approxi-
mately 36 months to 50 to 55 months.

During the past 10 years, thalidomide, bor-
tezomib, and lenalidomide have been introduced 
to the regimen for treatment of multiple myelo-
ma. These agents show promise for improving 
the rate of complete remission both before and 
after autologous stem-cell transplantation with-
out increasing toxicity. However, it is not clear 
whether such therapies are superior if they are 
used as an alternative to transplantation or 
whether they may reduce the need for and use of 
transplantation in patients in whom treatment is 
indicated.

Clinic a l Use

Treatment of multiple myeloma is not indicated 
in all patients with the disease. Those with 
“smoldering” myeloma, who have no symptoms 
or specific laboratory abnormalities (Table 1),24 
should be observed without therapy, since their 
condition may remain stable without progression 
to active disease for years25 and since there is no 
clear evidence that treating asymptomatic pa-
tients improves the prognosis.26

Autologous hematopoietic stem-cell trans-
plantation is recommended for patients with 
active myeloma who are relatively young and do 
not have serious coexisting illnesses. Patients 
who were enrolled in the above-mentioned ran-

domized trials were all under 70 years of age, 
and there were conflicting results regarding the 
effect of high-dose therapy in patients over the 
age of 65 years.20,27 In Europe, transplantation is 
generally considered only in patients 65 years of 
age or younger, whereas in the United States, a 
formal age limit is not imposed. Trial partici-
pants were also free of significant renal dysfunc-
tion (usually with a creatinine level of <2.3 mg 
per deciliter [203 μmol per liter]). Although trans-
plantation is feasible in patients with renal fail-
ure, it is more toxic than in those with normal 
renal function, and its benefit has not been 
shown in randomized studies. Other coexisting 
illnesses that may be of concern include serious 
cardiac, hepatic, neurologic, or pulmonary disease. 
Good functional status is also regarded as nec-
essary for transplantation (a performance status 
of less than grade 2, according to the Eastern 
Cooperative Oncology Group scale) (Table 2).

The procedure of autologous stem-cell trans-
plantation has been clearly defined during the 
past 20 years and should be fully explained to 
the patient initially. It includes induction treat-
ment, stem-cell collection, and high-dose che-
motherapy, followed by infusion of the trans-
planted cells. The entire duration of treatment is 
4 to 6 months.

Induction treatment consists of 3 to 6 cycles 
of chemotherapy in order to reduce the tumor 
burden and plasma-cell infiltration in bone mar-
row. Since melphalan is toxic for hematopoietic 
stem cells, induction treatment is dexametha-
sone-based, and melphalan is not used so that 
efficient stem-cell collection is ensured. Dexa-
methasone alone or combined with vincristine 
and doxorubicin (VAD) has long been the stan-
dard induction regimen. However, this approach 
is being replaced by the use of dexamethasone 
in combination with thalidomide, bortezomib, 

Table 1. Diagnostic Criteria for Multiple Myeloma Requiring Systemic Therapy.*

Identification of a monoclonal protein (M component) in serum or urine plus 
clonal plasma cells in bone marrow or a documented clonal plasmacytoma, 
along with one or more of the following findings:

Calcium level >11.5 mg/dl (2.9 mmol/liter)

Creatinine level >2 mg/dl (177 μmol/liter)

Hemoglobin level <10 g/dl (or 2 g/dl below the lower end of the normal range)

Bone disease (lytic lesions or osteopenia)

* Data are from Durie et al.24
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or lenalidomide. Induction treatment is per-
formed on an outpatient basis. Blood counts are 
monitored weekly or, in the case of intravenous 
agents, before treatment. Patients are seen in the 
hospital only for intravenous treatments, for 
monthly assessments, or in case of complica-
tions. The response to induction treatment is 
evaluated by measuring the M component in 
blood and urine.

The next step consists of collection of he-
matopoietic stem cells from the patient. Periph-
eral-blood progenitors have completely replaced 
bone marrow as the source of stem cells because 
of easier availability, faster hematopoietic recov-
ery after transplantation, and possibly reduced 
contamination by tumor cells.28 Peripheral-blood 
progenitors are collected during apheresis pro-
cedures after stem-cell mobilization with the use 
of granulocyte colony-stimulating factor (G-CSF), 
either alone or with cyclophosphamide. The par-
ticular goal of stem-cell mobilization is to in-
crease the number of cells collected that are 
positive for the cell-surface protein marker CD34, 
because there is a significant correlation be-
tween the number of CD34+ cells infused and 
the speed of engraftment, especially in platelet 
recovery. The minimal dose of CD34+ cells nec-
essary for safe engraftment is 2×106 per kilo-
gram of body weight. Mobilization is more effi-
cient with the use of cyclophosphamide combined 
with G-CSF than with G-CSF alone, but the com-
bination carries the risk of transient myelotoxic-
ity. Administration of G-CSF may cause bone 
pain, which responds to narcotic analgesics. 
After collection, stem cells are usually cryopre-

served in dimethyl sulfoxide until transplan-
tation.

The standard preparative regimen before au-
tologous stem-cell transplantation is high-dose 
melphalan (200 mg per square meter of body-
surface area). This agent is administered either 
as a single intravenous infusion lasting 30 to 60 
minutes or as two infusions of 100 mg per 
square meter during a 2-day period, with forced 
diuresis. Melphalan alone is currently preferred 
to the combination of melphalan (at a dose of 
140 mg per square meter) plus total-body irra-
diation because of easier administration and a 
better ratio of efficacy to toxicity.29

The hematopoietic stem cells are infused 48 
hours after melphalan administration through a 
central venous catheter at a rate ranging from 5 
to 20 ml per minute. The patient may be pre-
medicated with an antihistamine, an antiemetic 
agent, an antipyretic agent, and corticosteroids 
to mitigate infusion reactions.30 The infusion is 
usually performed in a reverse-isolation room. 
The use of a room with a laminar airflow system 
is unnecessary, since the duration of severe neu-
tropenia is usually less than 10 days with infu-
sion of peripheral-blood stem cells and the ad-
ministration of G-CSF after transplantation.

During the hospital stay, temperature and vi-
tal signs are checked several times a day, physical 
examination is performed at least daily, blood 
counts and routine biochemical measurements 
of renal function are performed at least every 
other day, and hepatic function is checked weekly, 
except in the event of clinical symptoms. Patients 
are discharged after resolution of any adverse ef-
fects and when the polymorphonuclear leukocyte 
count is greater than 5×108 per liter. The typical 
duration of hospitalization is 2 to 3 weeks.

After discharge, blood counts are initially 
checked three times a week, especially in the case 
of delayed platelet recovery, which may require 
additional platelet transfusions. Patients are seen 
in the hospital for the evaluation of disease sta-
tus 1 month after transplantation and every 3 to 
4 months thereafter. Monitoring includes mea-
surement of the M component in blood and 
urine; for patients with no detectable monoclo-
nal protein, monitoring includes immunofixation, 
serum free light-chain assay, and a bone marrow 
examination.

The cost of autologous stem-cell transplanta-
tion, including stem-cell collection and cryo-

Table 2. Performance Status According to Eastern Cooperative Oncology 
Group Criteria.

Grade Criteria

0 Fully active and able to carry on all predisease activities without re-
striction

1 Restricted in physically strenuous activity but ambulatory and able 
to carry out work of a light or sedentary nature (e.g., light house-
work and office work)

2 Ambulatory and capable of all self-care but unable to carry out any 
work activities; confined to bed or chair <50% of waking hours 

3 Capable of only limited self-care; confined to bed or chair >50% of 
waking hours

4 Completely disabled and not capable of any self-care; totally con-
fined to bed or chair

5 Dead
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preservation, varies greatly according to the 
country and the duration of hospitalization but 
is not less than $10,000 to $15,000 and can be 
substantially higher. In an analysis of the U.S. 
Nationwide Inpatient Sample, the mean total 
hospital cost for the procedure was approxi-
mately $43,000 and was markedly influenced by 
whether complications such as bacteremia oc-
curred during the course of treatment.31

A dv er se Effec t s

The toxicity of induction treatment includes side 
effects of high-dose dexamethasone therapy (e.g., 
infection, diabetes, and psychiatric disturbanc-
es). The adverse effects of the VAD regimen are 
those related to the use of a central venous line 
(infection and thrombosis) as well as adverse ef-
fects of vincristine (neurotoxicity) and doxorubi-
cin (neutropenia and infection). The use of thali-
domide or lenalidomide plus dexamethasone 
increases the risk of deep-vein thrombosis and 
may justify prophylactic treatment.32,33 The ma-
jor adverse event that is associated with the use 
of bortezomib plus dexamethasone is peripheral 
neuropathy.34

Severe and prolonged myelosuppression is the 
major side effect of high-dose melphalan, which 
is the reason that autologous stem-cell trans-
plantation is performed to reduce the duration 
of cytopenia. With the use of peripheral-blood 
stem cells as the autograft, the median duration 
of severe neutropenia and thrombocytopenia is 
7 days.28 During neutropenia, fever is common 
(occurring in 40% of patients), although bacter-
emia occurs less often (in 17%), according to 
one analysis.31 Gastrointestinal toxic effects oc-
cur frequently, with grade 3 or 4 mucositis in 
30% of patients.29 Transient alopecia and go-
nadal toxic effects are common. Unpredictable 
toxic effects on the lungs or heart (atrial fibril-
lation) and veno-occlusive hepatic disease have 
been reported infrequently. The rate of death as-
sociated with transplantation is less than 2% at 
most centers.11 When used as part of initial 
therapy, high-dose melphalan does not seem to 
increase the incidence of secondary neoplasms, 
and the 10-year probability of myelodysplasia or 
secondary acute myelogenous leukemia is less 
than 5%.35

The infusion of autologous stem cells itself is 
associated with a variety of adverse effects, in-

cluding nausea and vomiting, headache, and 
chills and fever.30 These effects are caused by 
the release of cytokines from lysed cellular ele-
ments in the stem-cell infusate and by the ef-
fects of dimethyl sulfoxide used as the cryo-
preservative. In most patients, such effects are 
mild and transient, although anaphylaxis and 
cardiac arrest have been reported infrequently.

A r e a s of Uncerta in t y

Despite a better outcome with high-dose therapy 
than with conventional-dose treatment, almost 
all patients ultimately have a relapse. Double, or 
tandem, autologous stem-cell transplantation 
has been proposed with the objective of further 
increasing the rate of complete remission. This 
procedure involves the administration of a sec-
ond cycle of high-dose melphalan and a second 
stem-cell infusion within a few months after the 
first procedure.36 Three randomized studies have 
shown that this approach may increase progres-
sion-free survival.37-39 However, only patients who 
were not in remission after receiving the first 
transplant appeared to benefit from the second 
transplantation.37,38 Moreover, although some 
patients had long-term remission, those with 
high-risk initial characteristics, such as a high 
β2-microglobulin level or unfavorable cytogenet-
ic results, still had a poor outcome, despite un-
dergoing two autologous stem-cell transplanta-
tions.40

As previously noted, the introduction of tha-
lidomide, bortezomib, and lenalidomide to my-
eloma regimens shows promise in improving the 
results of autologous stem-cell transplantation. 
With the use of such agents in induction treat-
ment, very high rates of complete remission or 
very good partial remission (up to 70%) are now 
achieved.34,41 Another possible improvement is 
to use novel agents as maintenance therapy after 
transplantation. Two randomized studies have 
shown that maintenance with thalidomide sig-
nificantly improved rates of remission, progres-
sion-free survival, and overall survival.42,43 The 
addition of novel agents both before and after 
transplantation44,45 yielded impressive rates of 
complete remission and appeared to improve the 
outcome, particularly among patients with poor 
prognostic features. However, the optimal ap-
proach to the use of such modifications of stan-
dard therapy has not been established.
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Whether the use of novel agents might miti-
gate the need for autologous stem-cell transplan-
tation is another area of active interest. European 
groups have prospectively compared the classic 
regimen of melphalan plus prednisone with the 
same combination plus thalidomide, bortezomib, 
or lenalidomide in elderly patients.27,46-48 The 
investigators have shown that these combina-
tions are associated with rates of remission and 
median progression-free survival that are similar 
to those achieved in younger patients with trans-
plantation. U.S. groups have evaluated lenalido-
mide plus dexamethasone as initial treatment 
with or without transplantation.33,49-51 Prolonged 
treatment with lenalidomide plus dexamethasone 
or the addition of bortezomib to this combina-
tion has resulted in remission rates of up to 
70%.49,51 Therefore, randomized trials compar-
ing novel agents with or without transplantation 
as initial therapy are warranted.

Guidelines

Current guidelines from Europe52,53 and the 
United States54 state that high-dose therapy and 
autologous hematopoietic stem-cell transplanta-
tion should be part of the initial therapy in pa-
tients with newly diagnosed multiple myeloma 
who are 65 years of age or younger and who have 
adequate performance status. Conditioning with 
melphalan at a dose of 200 mg per square meter 
is recommended.29 There is no consensus regard-
ing double transplantation. The addition of novel 
agents before or after transplantation improves 
the results, but the optimal use of these agents 

has not yet been defined.55 Moreover, such drugs 
have not yet been approved for this indication by 
regulatory authorities in any country.

R ecommendations

For the patient described in the vignette, autolo-
gous stem-cell transplantation would be appro-
priate, given his active disease and relatively 
young age, as well as the absence of coexisting 
illnesses. Some experts (especially in the United 
States) might propose initial therapy with a com-
bination of dexamethasone and lenalidomide or 
a triple-agent combination with bortezomib, 
without early transplantation. This recommen-
dation is reasonable, given the excellent short-
term results, easy administration, and good tol-
erability of these newer regimens. However, we 
would still recommend transplantation for three 
reasons. First, lenalidomide is not yet available 
for patients with newly diagnosed disease in 
many countries. Second, given the lack of long-
term data, the durability of the response and the 
efficacy of salvage treatment after the use of nov-
el agents remain unknown, whereas data regard-
ing autologous stem-cell transplantation are 
more mature. Third, this patient has no adverse 
prognostic factors, and his life expectancy with 
transplantation is more than 80% at 5 years,56 
with a 30% chance of long-term remission.57
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