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Multiple myeloma
Robert A. Kyle1 and S. Vincent Rajkumar1

1Division of Hematology, Mayo Clinic, Rochester, MN

Multiple myeloma is a clonal plasma cell
malignancy that accounts for slightly
more than 10% of all hematologic can-
cers. In this paper, we present a histori-
cally focused review of the disease, from
the description of the first case in 1844 to
the present. The evolution of drug therapy

and stem-cell transplantation for the treat-
ment of myeloma, as well as the develop-
ment of new agents, is discussed. We
also provide an update on current con-
cepts of diagnosis and therapy, with an
emphasis on how treatments have
emerged from a historical perspective

after certain important discoveries and
the results of experimental studies.
(Blood. 2008;111:2962-2972)

© 2008 by The American Society of Hematology

Introduction

Multiple myeloma (MM) is a malignant plasma cell disorder that
accounts for approximately 10% of all hematologic cancers.1,2 It
usually evolves from an asymptomatic premalignant stage of clonal
plasma cell proliferation termed “monoclonal gammopathy of
undetermined significance” (MGUS). MGUS is present in more
than 3% of the population above the age of 50 and progresses to
myeloma or related malignancy at a rate of 1% per year.3,4 In some
patients, an intermediate asymptomatic but more advanced prema-
lignant stage, referred to as “smoldering multiple myeloma”
(SMM), is clinically recognized.5 The annual incidence of my-
eloma, age-adjusted to the 2000 US population, is 4.3 per 100 000.6

Myeloma and MGUS are twice as common in blacks compared
with whites and slightly more common in males than females.

We provide a historically based review of myeloma from its first
description to the present, with an emphasis on the evolution of
diagnosis and therapy for the disease over the past 160 years
(Figure 1).

Historical overview

Identification and description of the disease

Although multiple myeloma has most likely been present for
thousands of years, the first well-documented case was the second
patient described by Solly in 1844.7 This 39-year-old woman,
Sarah Newbury, developed fatigue and bone pain from multiple
fractures (Figure 2). At autopsy, 4 years after the onset of
symptoms, the bone marrow was found to be replaced by a red
substance whose cells were very similar to those found at the
autopsy of Thomas Alexander McBean. Solly thought that the
disease was an inflammatory process and that it began with a
“morbid action” of the blood vessels in which the “earthy matter of
the bone is absorbed and thrown out by the kidneys in the urine.”
Was he contemplating the role of angiogenesis in the pathophysiol-
ogy of the disease?

The best known case of multiple myeloma is that of Thomas
Alexander McBean, “a highly-respectable tradesman,” 45 years of
age. He had developed fatigue and had noted that his “body linen
was stiffened by his urine.” While on holiday in September 1844,

he vaulted out of an underground cavern and he suddenly “felt as if
something had snapped or given way within the chest” and for
some minutes he lay unable to stir because of severe pain. The pain
was temporarily relieved by a “strengthening plaster to the chest”
but recurred 3 to 4 weeks later. A pound of blood was removed and
leeches were applied for “maintenance therapy.” This was followed
by considerable weakness for 2 to 3 months, but his pain resolved.
The pain recurred in the spring of 1845; cupping and therapeutic
phlebotomy were not helpful and only made him weaker. Dr
Thomas Watson, his physician, prescribed steel and quinine, which
resulted in rapid improvement. That summer, he traveled to
Scotland where he bounded over hills as “nimbly as any of his
companions.”8 That fall, his pain recurred, and despite a variety of
therapies, he died on January 1, 1846. On autopsy, soft, brittle,
readily fractured ribs and a “gelatiniform substance of a blood-red
colour and unctuous feel” was found in the bones. Histologic
examination of the bone marrow revealed round or oval cells that
were one-half to twice as large as an average blood cell and
contained one or 2 nuclei and a bright-colored nucleolus.9

McBean had been seen in consultation on October 30, 1845, by
Dr William Macintyre, a Harley Street consultant. His urine was
examined and the following note and a sample of urine were sent to
Henry Bence Jones (Figure 3) at St. George’s Hospital.

Saturday, November 1, 1845:

Dear Dr Jones,

The tube contains urine of very high specific gravity. When
boiled it becomes slightly opaque. On the addition of nitric acid, it
effervesces, assumes a reddish hue, and becomes quite clear; but as
it cools, assumes the consistence and appearance which you see.
Heat liquefies it. What is it?10

Jones had already established a reputation as a chemical
pathologist.9 Henry Bence Jones studied the urine from Mr
McBean in great detail and confirmed the physical properties
described by Macintyre. Jones concluded that the protein was the
“hydrated deutoxide of albumen.”11 However, Jones emphasized its
role in the diagnosis of myeloma for he said, “I need hardly remark
on the importance of seeking for this oxide of albumen in other
cases of mollities osseum” (softening of the bone).10 Jones’
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obituaries described his work on renal stones, diabetes mellitus,
and malignant and tuberculous involvement of the kidney with an
emphasis on the value of microscopic examination of the urine.
There was no mention of his papers on the unique urinary protein
that bears his name. (Incidentally, a hyphen does not occur in
Jones’ name in his more than 40 publications for which he used H.
Bence Jones.)

The term “Kahler’s disease” was once used to describe my-
eloma and resulted from a case report of a physician named Dr

Loos by Prof Otto Kahler of Prague and subsequently Vienna
(Figure 3). The patient had progressive bone pain, proteinuria with
the typical heat characteristics of Bence Jones protein, and at
autopsy, the presence of large, round cells consistent with multiple
myeloma.

The term “plasma cell” was introduced by Waldeyer in
1875.12 It is probable that he was describing tissue mast cells
rather than plasma cells. Ramon y Cajal, the neuroanatomist,
was the first to accurately describe the plasma cell. Marschalko,

Figure 1. Timeline depicting the history and treatment of multiple myeloma from 1844 to the present.

Figure 2. Sarah Newbury, the first reported patient with multiple myeloma. (A) Bone destruction in the sternum. (B) The patient with fractured femurs and right humerus.
(C) Bone destruction involving the femur. Adapted from Solly7 with permission.
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in 1895, published the best description of plasma cells, which
included blocked chromatin, eccentric position of the nucleus, a
perinuclear pale area (hof), and a spherical or irregular cyto-
plasm. Wright13 thought that the tumor cells of myeloma
consisted of plasma cells or immediate descendants of these
cells. In 1929, Arinkin’s14 introduction of bone marrow aspira-
tion increased the recognition of multiple myeloma. For ex-
ample, Rosenthal and Vogel15 reported that only 3 cases of
multiple myeloma had been recognized in Mount Sinai Hospital
in New York from 1916 to 1935 but that 13 cases were found in
the succeeding 2.5 years. In 1928, Geschickter and Copeland16

reported on 412 cases of multiple myeloma found in the
literature from 1848 to 1928. They emphasized the presence of
pathologic fractures, Bence Jones proteinuria, anemia, and
chronic renal disease. However, they did not recognize the
abnormalities of the sedimentation rate or blood proteins.

Bence Jones protein and light chain isotypes

Although Heller17 in 1846 described a protein in urine that
precipitated when warmed above 50°C and then disappeared on
further heating, he did not recognize its precipitation when it
cooled. The term “Bence Jones protein” was first used by Fleischer
in 1880.18 Bayne-Jones and Wilson19 described 2 groups of Bence
Jones protein in 1922. Using the Ouchterlony test in 1956,
Korngold and Lipari, his technician,20 identified different classes of
Bence Jones proteins. They also demonstrated that antisera to
Bence Jones protein also reacted with the myeloma protein in the
blood. As a tribute to Korngold and Lipari, the 2 classes of Bence
Jones proteins have been designated kappa and lambda. In 1962,
Edelman and Gally21showed that light chains prepared from an IgG
monoclonal protein in the serum and the Bence Jones protein from
the same patient’s urine had an identical amino acid composition as
well as multiple other properties. The light chains had the same
heat properties as Bence Jones protein, thus solving the mystery of
the origin of this unique protein 115 years after the work of Henry
Bence Jones.

Identification of the serum monoclonal protein

Hyperproteinemia was first demonstrated in multiple myeloma in
1928 by Perlzweig et al.22 Tiselius, using the moving-boundary
method of electrophoresis in his doctoral dissertation in 1930,
demonstrated the homogeneity of certain serum globulins. Seven
years later, Tiselius23 separated serum globulins into 3 components,
which he designated as alpha, beta, and gamma. It is interesting to
note that his first manuscript was rejected by Biochemical Journal
because it was “too physical.” In 1939, Tiselius and Kabat24

demonstrated antibody activity in the gamma globulin fraction.
The moving-boundary electrophoresis apparatus, using a U-

tube, became commercially available, but it was very cumbersome.
A single electrophoresis run required a full day of effort and
interpretation was difficult. The tall, narrow-based, “church spire”
peak characteristic of multiple myeloma was recognized in 1939.25

In 1951, filter paper as a support permitted the separation of protein
into discrete zones, which could be stained with a variety of dyes.26

Cellulose acetate supplanted filter paper and currently electrophore-
sis on agarose gel or capillary electrophoresis is used in most
laboratories. Immunoelectrophoresis was described by Grabar and
Williams in 1953.27 Eleven years later, immunofixation was
introduced by Wilson.28

A critical milestone was the concept of monoclonal vs poly-
clonal gammopathies presented in the Harvey Lecture Series by
Jan Waldenström (Figure 3) in 1961.29 He described patients with a
narrow band of hypergammaglobulinemia on electrophoresis as
having a monoclonal protein. Many of these patients had multiple
myeloma or macroglobulinemia, but others had no evidence of
malignancy and he considered them to have “essential hypergam-
maglobulinemia” or a “benign monoclonal protein.” Today, the
preferred term is MGUS, because multiple myeloma, macroglobu-
linemia, light-chain (AL) amyloidosis, or a related disorder may
subsequently develop.30 Waldenström regarded the broad band in
hypergammaglobulinemia as a polyclonal increase in proteins. A
distinction between monoclonal versus polyclonal gammopathies
is important because patients with a monoclonal gammopathy
either have a neoplastic process or may develop a malignancy,

Figure 3. (A) Henry Bence Jones. (B) Otto Kahler (courtesy of Dr Heinz Ludwig, Vienna). (C) Jan Waldenström (courtesy of Giampaolo Merlini, Pavia, Italy).
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whereas patients with a polyclonal gammopathy have an inflamma-
tory or reactive process.30

Origins of alkylator and corticosteroid-based therapy

The current treatment of multiple myeloma has improved markedly
compared with the rhubarb pill and infusion of orange peel that was
given to Sarah Newbury in 1844.7 Mr McBean obtained benefit
from phlebotomy and the application of leeches, which was used as
“maintenance therapy.” Later, his response to steel and quinine was
impressive.7-9

In 1947, Alwall31 reported that urethane produced a reduction in
serum globulin, an increase in hemoglobin, disappearance of
proteinuria, and a decrease in bone marrow plasma cells in a patient
with multiple myeloma. This was the standard of therapy for more
than 15 years. In 1966, Holland et al32 randomized 83 patients with
treated or untreated multiple myeloma to receive urethane or a
placebo consisting of cherry and cola–flavored syrup. No differ-
ence was seen in the objective improvement or in survival between
the 2 treatment groups.

Blokhin et al33 in 1958 reported the benefit of sarcolysin
(melphalan) in 3 of 6 patients with multiple myeloma. In 1962,
Bergsagel et al34 reported significant improvement in 8 of 24 pa-
tients with multiple myeloma who were treated with melphalan.
Subsequently, Hoogstraten et al found that melphalan given as a
loading dose for 1 week followed by maintenance therapy pro-
duced some responses in 78% of 64 patients with newly diagnosed
or previously treated multiple myeloma.35

Corticosteroids were first tested by Maas, who determined in a
placebo-controlled double-blind trial that prednisone as a single
agent produced significant decreases in serum globulin and an
increase in hematocrit but no difference in survival compared
with a placebo.36 In another study, prednisone, in a single dose of
200 mg every other morning, was reported to produce benefit in
8 of 10 patients with poor-risk myeloma, and toxic reactions were
minimal.37 In a reanalysis of 2 Cancer and Leukemia Group B
myeloma treatment protocols, prednisone as a single agent pro-
duced a 44% objective response rate.38 The classic regimen of
melphalan plus prednisone (MP) was established in a randomized
trial of 183 myeloma patients led by Alexanian et al, in which
survival was 6 months longer with MP compared with melphalan
alone.39

Harley et al introduced the combination of carmustine, melpha-
lan, cyclophosphamide, and prednisone in the treatment of multiple
myeloma. In 1974, Lee et al treated 36 myeloma patients with
carmustine, cyclophosphamide, melphalan, vincristine, and pred-
nisone (M-2 protocol) and reported that 60% had excellent
subjective and objective responses.40 Subsequently, Case et al
reported an 87% response rate in 73 patients with myeloma given
the M-2 protocol.41

In a large meta-analysis of individual data of 4930 persons from
20 randomized trials comparing MP with various combinations of
therapeutic agents, response rates were significantly higher with
combination chemotherapy (60%; MP, 53%; P � .001). However,
there was no significant difference in response duration or overall
survival.42 MP thus remained the mainstay of myeloma therapy for
decades.

History of stem-cell transplantation

It is surprising to note that more than one-half of the scientific
session at the first organizational meeting of the American Society
of Hematology held in the Aescalapian Room of the Harvard Club

in Boston, Massachusetts, on April 7, 1957, was devoted to the
preservation and transplantation of human bone marrow. That same
year, Thomas et al43 treated 6 human patients (1 had myeloma) with
total body irradiation or chemotherapy followed by an intravenous
infusion of bone marrow cells. The first successful syngeneic bone
marrow transplantation for myeloma was reported in 2 physician
brothers.44 Fefer et al45 described 5 myeloma patients who received
a syngeneic bone marrow transplant. Gahrton et al46 reported that
10 of 14 patients with multiple myeloma who received an
allogeneic bone marrow transplant from an HLA-compatible
sibling donor survived for a median of 12 months.

McElwain and Powles47 first reported autologous bone marrow
transplantation in a patient with plasma cell leukemia. The patient
was given 140 mg/m2 of melphalan and required platelet support
and antibiotics; after relapse 16 months later, he was again given
140 mg/m2 of melphalan followed by an intravenous autograft
obtained from his remission marrow. Two of 4 previously untreated
myeloma patients obtained a complete response, whereas 1 of
4 previously treated patients had a complete response.47 Selby et
al48 reported that 11 (27%) of 41 patients with previously untreated
multiple myeloma obtained a complete remission after a single
intravenous dose of melphalan (140 mg/m2). Unfortunately,
most of the patients relapsed with a median duration of remission
of 19 months.

Barlogie et al49 used melphalan 140 mg/m2 and total body
irradiation (850 cGy) followed by autologous or allogeneic bone
marrow transplantation in 6 patients with multiple myeloma
refractory to chemotherapy. Subsequently, Barlogie developed
intense treatment programs using autologous transplantation (“total
therapy”) that eventually played a major role in establishing
high-dose therapy and stem cell rescue as standard therapy for
myeloma.

New drugs

In the past decade, there have been major advances in the treatment
of myeloma. Thalidomide,50 bortezomib,51,52 and lenalidomide53,54

have emerged as highly active agents in the treatment of myeloma.
Each has a unique and interesting historical perspective.

Thalidomide

Historical perspective. Chemie Grünenthal, a German pharmaceu-
tical company, introduced thalidomide (�-N-[phthalimido] glutarim-
ide) into the market as a sedative on October 1, 1957.55 By 1960, it
was sold in more than 40 countries and became popular both as a
sedative and as treatment for morning sickness of pregnancy. It was
marketed under various commercial names, such as Contergan,
Distaral, Softenon, Neurosedyn, Isomin, Kedavon, Telargan, and
Sedalis.56

On November 18, 1961, Widukind Lenz, a German physician
and geneticist, determined that thalidomide was associated with
severe teratogenic malformations.56 In December 1961, indepen-
dent confirmation came from William McBride, an Australian
obstetrician.57 Fetal malformations occurred inevitably when the
drug was taken in the first trimester between days 35 and 49 after
the last menstrual period. By the end of 1961, thalidomide was
taken off the market in most countries, but almost 10 000 infants
had already been affected. The United States was spared because
the drug had been denied approval by Dr Frances Kelsey at the US
Food and Drug Administration (FDA), who was concerned about
the lack of safety data.

MULTIPLE MYELOMA 2965BLOOD, 15 MARCH 2008 � VOLUME 111, NUMBER 6

 For personal use only. by on December 18, 2008. www.bloodjournal.orgFrom 

http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


Shortly after its teratogenic properties were discovered, it is
important to note that thalidomide was considered as a possible
treatment against cancer.58 Two clinical trials were undertaken in
patients with advanced cancer,59,60 but no significant activity was
seen. These 2 trials did enroll a few myeloma patients, but the
antimyeloma activity of thalidomide was not evident in either trial,
illustrating that clinically important activity can be missed if trials
do not target specific malignancies.

Thalidomide persisted as a therapeutic agent due to promising
activity later seen in leprosy (1964), Behçet disease (1979),
graft-versus-host disease (1988), and human immunodeficiency
virus (HIV)–associated oral ulcers and wasting (1989).55 Under
pressure from HIV activists and to discourage illegal drug distribu-
tion networks, the FDA approved thalidomide for the treatment of
erythema nodosum leprosum in July 1998 with a built-in safety
system, termed the System for Thalidomide Education and Prescrib-
ing Safety program.

In 1994, D’Amato et al61 described for the first time the
significant antiangiogenic properties of thalidomide in the rabbit
cornea micropocket assay. In late 1997, based on the increasing
awareness of angiogenesis in the pathogenesis of cancer and the
evidence of increased angiogenesis in myeloma, the spouse of an
affected myeloma patient convinced Barlogie and colleagues at the
University of Arkansas to initiate a compassionate-use trial of
“antiangiogenic therapy.” The idea to use thalidomide in this
setting came from Folkman, in a direct telephone conversation with
Barlogie. Barlogie should be fully credited for pursuing this
strategy, in a landmark trial that enrolled 84 patients.50 Remarkably,
32% of patients responded to thalidomide, making it the first new
drug with single-agent activity for myeloma in more than
3 decades.50

Activity in myeloma. Initial results with thalidomide observed
in the Arkansas study were then confirmed by many other centers,
in all phases of the disease.62 Response rates in relapsed disease are
approximately 50% with the combination of thalidomide and
steroids, and 65% with a 3-drug combination of thalidomide,
steroids, and cyclophosphamide. Several other combination chemo-
therapy regimens containing thalidomide have since been developed.

Bortezomib

Historical perspective. The multicatalytic ubiquitin-proteasome
pathway is responsible for the orderly degradation of eukaryotic
cellular proteins.63 In 2004, Aaron Ciechanover (Israel), Avram
Hershko (Israel), and Irwin Rose (United States) shared the Nobel
Prize in Chemistry for their discovery of the role of ubiquitination
in protein degradation.

The 26S proteasome consists of a core 20S catalytic complex
and a 19S regulatory complex. Ubiquitin-tagged proteins are
recognized by the 19S regulatory complex where the ubiquitin tags
are removed. Proteins then move into the 20S proteasome cylinder
for hydrolysis into small polypeptides. Inhibition of the proteasome
leads to cellular apoptosis, with malignant, transformed, and
proliferating cells being more susceptible.64,65

Numerous proteasome inhibitors were developed, but the initial
compounds lacked specificity and were not suitable for clinical use.
Subsequently, Adams et al64 designed and developed several
boronic acid derived compounds that inhibit the proteasome
pathway in a highly specific manner. Bortezomib, a boronic acid
dipeptide, was then selected for preclinical and clinical testing.51

Preclinical studies demonstrated that bortezomib had potent cyto-
toxic and growth inhibitory effects. The initial clinical study with
bortezomib in advanced hematologic malignancies was led by

Robert Orlowski at the University of North Carolina.66 Leading up
to the trial, Orlowski’s laboratory was actively investigating the
proteasome pathway, an area of research his father, Marian
Orlowski, had pioneered years earlier. Marian Orlowski (working
in collaboration with Sherwin Wilk) was the first to discover the
multicatalytic intracellular proteinase complex (later known as the
20S proteasome) and developed the first proteasome inhibitor,
benzyloxycarbonyl-prolyl-prolinal (a peptide aldehyde
inhibitor).67,68

Bortezomib demonstrated striking antimyeloma activity in the
initial phase 1 study.66 It also showed activity against myeloma
cells in several preclinical models in a series of experiments
conducted in the laboratories of Kenneth Anderson at the Dana-
Farber Cancer Institute.69

Activity in myeloma. The first phase 2 trial with bortezomib
was conducted in 202 patients with relapsed refractory myeloma.
Approximately one-third responded to bortezomib therapy, with an
average response duration of 1 year.51 These results led to the
approval of bortezomib by the FDA in May 2003. In a subsequent
randomized trial, time to disease progression was found to be
superior with bortezomib compared with dexamethasone alone in
patients with relapsed, refractory myeloma.52 Bortezomib has
recently been effectively combined with intravenous liposomal
doxorubicin in a trial that demonstrated, for the first time in a
randomized manner, the antimyeloma activity of anthracyclines.70

Lenalidomide

Historical perspective. Shortly after thalidomide was determined
to be a teratogen, several analogs of thalidomide were synthesized
to determine the mechanism of its teratogenicity. Similarly, in the
1990s, several thalidomide analogs were synthesized in an attempt
to increase efficacy and minimize toxicity. Lenalidomide, a 4-amino
substituted analog of thalidomide formerly called CC-5013, be-
longs to a class of thalidomide analogs termed immunomodulatory
drugs. Thus, in contrast to the clinical development of thalidomide,
the development of lenalidomide was inevitable.

Based on the preclinical studies conducted by the manufacturer
and at the Dana-Farber Cancer Institute, lenalidomide was tested in
phase 1 trials in relapsed refractory myeloma.71

Activity in myeloma. Richardson et al54 conducted a multi-
center randomized phase 2 trial that enrolled 102 patients with
relapsed/refractory myeloma. Overall response rate with single-
agent lenalidomide was 17%. In a phase 2 trial conducted at Mayo
Clinic, 31 of 34 patients (91%) with newly diagnosed myeloma
achieved an objective response with lenalidomide plus dexametha-
sone.53 Two large phase 3 trials have since shown significantly
superior time to progression with lenalidomide plus dexametha-
sone compared with placebo plus dexamethasone in relapsed
myeloma.72,73 Lenalidomide plus dexamethasone was approved by
the FDA in June 2006 for the treatment of myeloma in patients who
have failed one prior therapy.

Current therapy

Since 1975, the Durie-Salmon staging system has been used to
stratify patients with multiple myeloma.74 However, this staging
system had limitations, especially in the categorization of bone
lesions. Recently, Greipp et al,75 developed an International
Staging System based on data from 11 171 patients. Besides stage,
important prognostic factors that stratify patients into high risk and
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standard risk are deletion 13 or hypodiploidy on conventional
karyotyping, deletion 17p� or immunoglobulin heavy chain
translocations t(4;14) or t(14;16) on molecular genetic studies, and
plasma cell labeling index of 3% or higher.76 The presence of any
one or more of these high-risk factors classifies a patient as having
high-risk myeloma. The median survival of patients with high-risk
features is only 2 to 3 years, even with tandem stem-cell transplan-
tation, compared with 5 or more years in patients with standard-risk
disease.

There is no evidence that early treatment of patients with
asymptomatic (smoldering) multiple myeloma prolongs survival.
However, clinical trials are ongoing to determine whether newer
agents can delay progression. The treatment of symptomatic myeloma
depends on eligibility for stem-cell transplantation and risk assessment
(Figure 4).76 Table 1 lists selected landmark phase 3 trials that have
altered the treatment of myeloma over the years.52,72,73,77-85

Initial therapy in patients eligible for transplantation

Vincristine, doxorubicin, dexamethasone (VAD) was used for
many years as pretransplantation induction therapy.86 However,
VAD is no longer recommended or used as initial therapy after
the introduction of several newer induction regimens. The most
common induction regimens used today are thalidomide–
dexamethasone (Thal/Dex), bortezomib-based regimens, and
lenalidomide–dexamethasone (Rev/Dex).

Thal/Dex. In the last few years, Thal/Dex has emerged as the
most commonly used induction regimen for the treatment of
newly diagnosed myeloma in the United States. In an Eastern
Cooperative Oncology Group (ECOG) randomized trial of 202
patients, the best response within 4 cycles was significantly
higher with Thal/Dex compared with dexamethasone alone
(63% vs 41%, respectively, P � .002).87 Based on this trial, in
May 2006 the FDA granted accelerated approval for Thal/Dex
for the treatment of newly diagnosed myeloma. Preliminary
results from a separate randomized, double-blind, placebo-
controlled study comparing Thal/Dex vs dexamethasone alone
as primary therapy in 470 patients with newly diagnosed
myeloma confirm these findings.88

Rev/Dex. In a phase 2 trial conducted at Mayo Clinic,
91% of patients with newly diagnosed myeloma achieved
an objective response, including 56% who achieved very
good partial response or better.53,89 ECOG recently reported
preliminary findings of a randomized trial testing lenalidomide/
high-dose dexamethasone (dexamethasone 40 mg days

1-4, 9-12, 17-20) versus lenalidomide/low-dose dexamethasone
(dexamethasone 40 mg once weekly).90 Preliminary results
show significantly better overall survival and safety with
lenalidomide/low-dose dexamethasone.

Bortezomib-based regimens. In newly diagnosed myeloma,
high response rates (approximately 70%-90%) have been ob-
served with bortezomib plus dexamethasone, bortezomib, tha-
lidomide, dexamethasone (VTD), and other bortezomib-based
combinations.91,92 Harousseau et al93 recently reported prelimi-
nary results of a randomized trial comparing VAD versus
bortezomib/dexamethasone as pretransplant induction therapy.
With more than 400 patients enrolled, preliminary results show
superior response rates with bortezomib/dexamethasone.

Initial therapy in patients not eligible for transplantation

Patients who are not transplant candidates are treated with standard
alkylating agent therapy. The 3 most commonly used regimens are
discussed below.

Melphalan, prednisone, thalidomide (MPT). Three recent
randomized trials have compared MP with MPT.84,85,94 Palumbo
et al84 randomized patients either to standard-dose MP for
6 months or to MPT for 6 months followed by maintenance
thalidomide. There was a trend toward an improved 3-year
overall survival with MPT. Facon et al85 randomized
447 patients (age, 65-75 years) to MP versus MPT versus
tandem autologous stem-cell transplantation (ASCT) with re-
duced-dose melphalan (100 mg/m2). Significantly higher re-
sponse and progression-free survival rates were observed with
MPT compared with either MP or tandem ASCT groups. More
importantly, the trial demonstrated a significant survival advan-
tage with MPT (median overall survival not reached at
52 months, 33 months, and 38 months, respectively; P � .001).
Hulin et al94 confirmed a survival advantage with MPT com-
pared with MP in a randomized trial in patients over the age of
75 years. After numerous attempts to improve on MP over the
years with a variety of combination chemotherapy regimens, the
results of these 3 randomized trials finally changed the standard
of care for elderly patients.

Melphalan, prednisone, bortezomib (MPV). Mateos et al95

studied the novel combination of MPV in newly diagnosed
myeloma in patients 65 years of age or older. Therapy was
associated with a response rate of 89%, including
32% complete response rate. A phase 3 trial comparing MPV
with MP has recently been closed by a data monitoring

Figure 4. Algorithm outlining the current approach
to the treatment of newly diagnosed myeloma. CR
indicates complete response; MPT, melphalan, pred-
nisone, thalidomide; and VGPR, very good partial
response.
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committee in view of superior response rates and survival
associated with MPV.

Melphalan, prednisone, lenalidomide (MPR). Palumbo et al96

tested MPR in 54 newly diagnosed patients older than 65 years. At the

maximum tolerated dose, the overall response rate was 81%, with 48%
of patients achieving at least very good partial response or better, and
24% of patients achieving complete response. An ECOG randomized
trial is comparing MPR with MPT.

Table 1. Results of selected randomized trials that have had a major impact on myeloma therapy

Trial, treatment comparison
Total no. of

patients studied CR/VGPR, %
Median PFS,

mo
Median OS,

mo Comments

Stem-cell transplantation

IFM 90*77

Conventional chemotherapy 100 13 18 44 Established role of ASCT

ASCT 100 38 28 57 —

MRC VII*78

Conventional chemotherapy 201 8 20 42 Confirmed role of ASCT

ASCT 200 44 32 54 —

MAG 90*79

Delayed ASCT 94 21 13 65 Demonstrated delayed ASCT as an alternative

Early ASCT 91 32 39 64 —

United States Intergroup S9321*80

Delayed ASCT 255 15§ 21 64 Demonstrated delayed ASCT as an alternative;

dampened enthusiasm for allogeneic SCT

Early ASCT 261 17§ 25 58 —

Allogeneic SCT 36 17§ NR 6 —

IFM 94*81

Single ASCT 199 42 25 48 Established role of tandem ASCT if CR/VGPR

not achieved with first ASCT

Double ASCT 200 50 30 58 —

PETHEMA†82

Conventional chemotherapy 83 11§ 33 66 Demonstrated that ASCT may have limited

value in patients responding well to induction

ASCT 81 30§ 42 61 —

Italian*83

Tandem ASCT 82 NA 29 54 Demonstrated efficacy of single ASCT followed

by nonmyeloablative SCT in selected

patients

Single ASCT followed by

nonmyeloablative SCT

80 NA 35 80 —

New therapies

Italian GIMEMA group*84

MP 126 12 27 64% at 3 y Demonstrated potential value of MPT over the

classic MP regimen

MPT 129 36 54 80% at 3 y —

IFM 99-06*85

MP 196 7 18 33 Changed standard of care in elderly to MPT

(after 3 decades of MP)

MPT 125 47 28 52 —

Tandem intermediate-dose ASCT 126 43 19 38 —

APEX‡52

Bortezomib 333 13¶ 6� NR Led to full approval of bortezomib in the United

States

Dex 336 2¶ 3� NR —

MM-010‡72

Len/Dex 176 24¶ 11� Not reached Pivotal trial establishing role of Len

Placebo/Dex 175 5¶ 5� 21 —

MM-009‡73

Len/Dex 177 24¶ 11§ 30 Led to approval of Len in the United States

Placebo/Dex 176 2¶ 5§ 20 —

CR indicates complete response; VGPR, very good partial response; PFS, progression-free survival; OS, overall survival; IFM, InterGroupe Francophone du Myélome;
MRC, Medical Research Council; MAG, Myélome Autogreffe; PETHEMA, Programa para el Estudio y Tratamiento de las Hemopatias Malignas; GIMEMA, Gruppo Italiano
Malattie Ematologiche dell’Adulto; ASCT, autologous hematopoietic stem-cell transplantation; NA, not applicable; SCT, stem-cell transplantation; MP, melphalan plus
prednisone; MPT, melphalan, prednisone, thalidomide; NR, not reported; Dex, dexamethasone; MM, multiple myeloma; and Len, lenalidomide.

* Newly diagnosed disease stage.
† Postinduction (responding patients only) disease stage.
‡ Relapsed, refractory (1-3 prior therapies) disease stage.
§ CR only; VGPR not reported.
¶ CR or near CR.
�PFS data not available; numbers reflect median time to progression.
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Hematopoietic stem-cell transplantation

ASCT. Although not curative, ASCT improves complete response
rates and prolongs median overall survival in myeloma by approxi-
mately 12 months.77,78 The mortality rate is 1% to 2%. Melphalan,
200 mg/m2, is the most widely used conditioning regimen.

Randomized trials show that survival is similar whether ASCT
is done early (immediately after 4 cycles of induction therapy) or
delayed (at the time of relapse as salvage therapy).79,80 Thus, the
decision on timing of ASCT is based on patient and physician
preference and the ability to cryopreserve stem cells. In a Spanish
randomized trial,82 patients responding to induction therapy had
similar overall and progression-free survival with either ASCT or
8 additional courses of chemotherapy, raising a question concern-
ing the benefit of ASCT in patients responding to induction
chemotherapy. The need for early ASCT in an era of new drugs is
the most important clinical question in myeloma today.

Tandem transplantation. With tandem (double) ASCT, pa-
tients receive a second planned ASCT after recovery from the first
procedure. The InterGroupe Francophone du Myélome (IFM) 94
randomized trial found significantly better event-free and overall
survival in recipients of double versus single ASCT.81 A similar
trend was also demonstrated in a randomized trial conducted in
Italy.97 In both the French and Italian trials, the benefit of a second
ASCT was restricted to patients failing to achieve a complete
response or very good partial response with the first procedure.

Allogeneic transplantation. Only a limited number of my-
eloma patients are candidates for allogeneic transplantation be-
cause of age, availability of an HLA-matched sibling donor, and
adequate organ function. The high treatment-related mortality,
mainly related to graft-versus-host disease, has made conventional
allogeneic transplants unacceptable for most patients with my-
eloma. Studies using a concept of an ASCT followed by a planned
reduced intensity (RIC) allogeneic stem-cell transplant have shown
promise.98 A French randomized trial tested this approach in
high-risk patients.99 Based on biologic randomization, patients
were allocated either to tandem ASCT or to ASCT followed by an
RIC allogeneic SCT. There was no significant difference between
the 2 arms with a median follow-up of 24 months. In another
randomized trial, a significant survival advantage was seen with
ASCT followed by an RIC allogeneic SCT compared with tandem
ASCT. On an intent-to-treat basis, the median overall and event-
free survival were longer with autologous SCT followed by an RIC
compared with tandem ASCT (80 months vs 54 months, P � .01;
and 35 months vs 29 months, P � .02).83 However, the sample size
was modest (n � 162), and additional confirmation is needed.

Maintenance therapy

Observation is still the standard following initial therapy as
described (Figure 4). Interferon does not appear to provide

significant clinical benefit.80 A recent trial (IFM 99-02) randomized
597 patients (age � 65 years) after tandem ASCT to no mainte-
nance, pamidronate, or pamidronate plus thalidomide.100 The
4-year overall survival rate was superior with thalidomide (77%,
74%, and 87%, respectively, P � .04), but these results need
further confirmation. Clinical trials are currently evaluating thalido-
mide, lenalidomide, bortezomib, and other novel approaches as
maintenance therapy.

Treatment of high-risk myeloma

Patients with high-risk myeloma tend to do poorly with median
overall survival of approximately 2 years even with tandem
ASCT.101 Incorporation of new agents early in the disease course is
a major option for treatment.76 ASCT followed by RIC-allogeneic
SCT may also be an option in selected patients. A third option is to
incorporate routine maintenance therapy after treatment as outlined
earlier for patients with standard-risk disease.

Advances in supportive care

Numerous improvements in supportive care have greatly improved
the outcome of myeloma patients, but a detailed discussion is
beyond the scope of this paper. Some of the most important
advances are the advent of bisphosphonates to treat hypercalcemia
and to prevent myeloma bone disease, the use of vertebroplasty and
kyphoplasty to treat vertebral fractures, and judicious use of
prophylactic antibiotics in selected patients.
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Robert A. Kyle

We were required to spend six months in a laboratory during our fellowship (residency) in Internal Medicine at
the Mayo Clinic. The options were Physiology, Pathology, and Hematology. The major emphasis in Physiology
was cardiovascular, and the resident was required to personally have a cardiac catheterization. Pathology did
not sound very stimulating, but hematology, which was glossed over in my medical school and internship,
was foreign to me. Furthermore, I thought that learning to read peripheral blood smears and bone marrows
would enhance my future internal medicine practice in California. My laboratory project consisted of a study of
acquired hemolytic anemia in chronic lymphocytic leukemia and the lymphomas. I emphasized that these pa-
tients often responded to corticosteroids and that the Coombs’ test was positive in a number of the patients.
After completing the study, I found in the literature that Pappenheim, 50 years before my report, had empha-
sized the role of hemolytic anemia in lymphocytic leukemia. The only contribution that I made was that the
Coombs’ test was often positive and the patients responded to corticosteroids—both of which had been dis-
covered recently. I enjoyed laboratory hematology very much but realized that I had little experience in the
clinical aspects. Consequently, I asked to be assigned to the clinical hematology hospital service. I noted an
electrophoretic pattern and asked the attending physician what it meant. He stated that a spike was often seen
in patients with multiple myeloma and Waldenström’s macroglobulinemia and suggested that I look into the
matter. I reviewed the 6500� electrophoretic patterns that had been performed at Mayo Clinic from 1956 to
1959 and developed a formula for their recognition. Patients with multiple myeloma or Waldenstrom’s macro-
globulinemia usually had a spike with a height:width ratio > 4:1, while patients with chronic liver disease or
other inflammatory processes often had a broad-based peak and a ratio of < 4:1. This was before Walden-
ström’s seminal paper on the concept of monoclonal versus polyclonal gammopathies and before the clinical
use of immunoelectrophoresis or immunofixation. On that same hospital service, a woman was admitted with

a diagnosis of scleroderma. Someone requested a dermatology consultation and, surprisingly, she was found to have primary systemic amyloidosis. I knew
nothing of this entity, so I then reviewed the 81 cases that had been identified at Mayo Clinic from 1935 to 1959. We emphasized that patients with primary amyloid-
osis had abnormal plasma cells in the bone marrow in all instances; in fact, almost one-half had classic multiple myeloma.

I began collecting sera from patients with plasma cell disorders in 1961 when I joined the Mayo Clinic staff, and this has developed into a bank containing more
than 177 000 specimens. In 1968, I started the Special Protein Laboratory and, 2 years later, began the Dysproteinemia Clinic where patients with plasma cell disor-
ders were seen. This resulted in the opportunity to see patients with gammopathies both in the laboratory and clinically. This led to a program project grant from
the National Cancer Institute in the early 1970s and continues to the present.

The Special Protein Laboratory, serum bank, and program project eventually led to the description and long-term follow-up of monoclonal gammopathy of undeter-
mined significance (MGUS), smoldering multiple myeloma (SMM), idiopathic Bence Jones proteinuria and a lifetime working in the field of plasma cell disorders. It has
been a fascinating experience. I would recommend to those entering the field to evaluate and observe their patients carefully. Every patient has something to tell us.
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S. Vincent Rajkumar

I became interested in hematology as a third-year medical student at the Christian Medical College, Vel-
lore, India, inspired by an excellent hematologist, Dr. Mammen Chandy. The opportunity to pursue he-
matology as a research career arose during my fellowship training at the Mayo Clinic. During this pe-
riod, and subsequently as a faculty member at Mayo, I was privileged to work with a number of noted
hematologists including Morie Gertz, Philip Greipp, Ayalew Tefferi, and my mentor, Bob Kyle. With their
steadfast support and encouragement, I pursued clinical and laboratory investigations exploring the
role of novel therapy and angiogenesis in myeloma and related disorders. Also critical to my career has
been leadership roles in randomized clinical trials, and the myeloma committee of the Eastern Coopera-
tive Oncology Group (ECOG). Hematology is moving at a rapid pace, and advances in molecular medi-
cine and targeted therapy are making a mark in our field more than any other. I consider myself privi-
leged to be part of this community.
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