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Abstract
Multiple myeloma (MM) is a neoplastic plasma cell disorder that results in end-organ damage
(hypercalcemia, renal insufficiency, anemia, or skeletal lesions). Patients should not be treated
unless they have symptomatic (end-organ damage) MM. They should be classified as having high-
risk or standard-risk disease. Patients are classified as high risk in the presence of hypodiploidy or
deletion of chromosome 13 (del[13]) with conventional cytogenetics, the presence of t(4:14),
t(14;16), t(14;20) translocations or del(17p) with fluorescence in situ hybridization. High-risk
disease accounts for about 25% of patients with symptomatic MM. If the patient is deemed
eligible for an autologous stem cell transplantation (ASCT), 3 or 4 cycles of lenalidomide and
low-dose dexamethasone, or bortezomib and dexamethasone, or thalidomide and dexamethasone
are reasonable choices. Stem cells should then be collected and one may proceed with an ASCT. If
the patient has a complete response or a very good partial response (VGPR), the patient may be
followed without maintenance therapy. If the patient has a less than VGPR, a second ASCT is
encouraged. If the patient is in the high-risk group, a bortezomib-containing regimen to maximum
response followed by 2 additional cycles of therapy is a reasonable approach. Lenalidomide and
low-dose dexamethasone is another option for maintenance until progression. If the patient is
considered ineligible for an ASCT, then melphalan, prednisone, and thalidomide is suggested for
the standard-risk patient, and melphalan, prednisone, and bortezomib (MPV) for the high-risk
patient. Treatment of relapsed or refractory MM is covered. The novel therapies—thalidomide,
bortezomib, and lenalidomide—have resulted in improved survival rates. The complications of
MM are also described. Multiple myeloma is a plasma cell neoplasm that is characterized by a
single clone of plasma cells producing a monoclonal protein (M-protein). The malignant
proliferation of plasma cells produces skeletal destruction that leads to bone pain and pathologic
fractures. The M-protein might lead to renal failure, hyperviscosity syndrome, or through the
suppression of uninvolved immunoglobulins, recurrent infections. Anemia and hypercalcemia are
common complications.
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Introduction
Multiple myeloma (MM) accounts for about 1% of all types of malignancy and slightly
more than 10% of the hematologic malignancies. The incidence of MM is 4-5 per 100,000 in

Address for correspondence: Robert A. Kyle, MD, Mayo Clinic, 200 First St SW, Rochester, MN 55905, kyle.robert@mayo.edu.

Disclosures
Dr. Robert A. Kyle serves on disease monitoring committees for Celgene Corporation, Johnson & Johnson; disease monitoring board
for Novartis Pharmaceuticals Corporation; data monitoring committee for Merck & Co.; independent review committee for Kosan
Biosciences, Inc.; independent monitoring committee for Bristol-Myers Squibb Company; and has served as a consultant for
Millennium Pharmaceuticals, Inc.
Dr. S. Vincent Rajkumar has no relevant disclosures to report.

NIH Public Access
Author Manuscript
Clin Lymphoma Myeloma. Author manuscript; available in PMC 2014 February 03.

Published in final edited form as:
Clin Lymphoma Myeloma. 2009 August ; 9(4): 278–288. doi:10.3816/CLM.2009.n.056.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



the United States. In Olmsted County, Minnesota, the incidence has not changed for the past
56 years.1 The reported increased incidence during the past several decades is probably
related to the increased availability of medical facilities for elderly patients and to improved
diagnostic techniques than to an actual increased incidence. Multiple myeloma occurs in all
races, but rates are higher among black populations and lower among Asian populations.2,3

Criteria for Diagnosis and Therapy
The criteria for diagnosis of myeloma require clonal bone marrow plasma cells, presence of
serum and/or urinary monoclonal protein except in patients with true nonsecretory MM, and
evidence of end-organ damage that can be attributed to the underlying plasma cell
proliferative disorder, specifically hypercalcemia (serum calcium > 0.25 mmol/L above the
upper limit of normal or > 2.75 mmol/L), renal insufficiency (serum creatinine > 1.73 mmol/
L), anemia (hemoglobin < 10 g/dL or > 2 g/dL below the lower limit of normal), or bone
lesions (lytic lesions, severe osteopenia with compression fractures or pathologic fractures;
CRAB).4-6 Bone marrow involvement may be focal rather than diffuse, requiring repeated
bone marrow examinations for diagnosis. Multiparametric flow cytometry or identification
of a monoclonal protein in the cytoplasm of plasma cells by immunoperoxidase or
immunofluorescence is required in differentiating a monoclonal plasma cell proliferation
from reactive plasmacytosis due to connective tissue disorders, chronic liver disease, chronic
infections, or metastatic carcinoma. No level of serum M-protein or urine M-protein is
included in the diagnostic criteria, but the majority of patients with MM have an M-protein
> 3 g/dL. It is important to remember that 97% of patients with MM will have an M-protein
in the serum or in the urine by immunofixation.

Smoldering (asymptomatic) MM must be excluded. It is characterized by an M-protein ≥ 3
g/dL and/or bone marrow plasma cells ≥ 10% but no evidence of anemia, hypercalcemia,
renal insufficiency, or lytic bone lesions (CRAB).7 They should be recognized and followed
up closely because symptomatic myeloma develops at a rate of 10% per year for the first 5
years of follow-up.

mSMART Classification and Approach to Therapy
Patients with symptomatic MM may be classified into high-risk or standard-risk disease.8,9

Patients may be classified as high risk in the presence of hypodiploidy or deletion of
chromosome 13 (del[13]) with conventional cytogenetics, the presence of t(4;14), t(14;16),
t(14;20), or del(17p) on fluorescence in situ hybridization (FISH; Figure 1). High-risk
disease accounts for about 25% of patients with symptomatic MM. Lactate dehydrogenase
and β2-microglobulin levels are additional important risk factors.

We strongly recommend clinical trials, but if the patient is not eligible or if clinical trials are
not available, one may separate the patients into those who are autologous stem cell
transplantation (ASCT) eligible or ineligible (Figure 2).9 The results of selected randomized
trials that have had a major effect are shown in Table 1. Eligibility for ASCT in MM varies
from country to country. In most European countries, ASCT is offered mainly to patients
aged < 65 years, whereas in the United States, decisions are made on a patient-by-patient
basis depending upon “physiologic age” rather than chronologic age. In most institutions,
patients aged > 70 years, serum creatinine > 2.5 mg/dL, Eastern Cooperative Oncology
Group (ECOG) performance status of 3 or 4, or New York Heart Association functional
status class III or IV are considered ineligible for ASCT. Patients with renal failure may
undergo transplantation, but the morbidity and mortality is higher.10
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Initial Therapy for Transplantation-Eligible Patients
Alkylating agents have been associated with damage to the hematopoietic stem cells. In a
prospective study of peripheral blood progenitor cell collection, Goldschmidt et al reported
that adequate hematopoietic stem cells were collected in only 30% of patients who had
received melphalan compared with 80% of those who had not.11 Elderly patients who have
refractory MM after extensive therapy or those who have received long-term alkylator-based
chemotherapy are generally unable to mobilize sufficient stem cells for successful
transplantation.12 Plerixafor is helpful in the mobilization of hematopoietic stem cells.13

Lenalidomide Plus Low-Dose Dexamethasone
Patients who are candidates for stem cell transplantation may be treated with lenalidomide.
Lenalidomide is an aminosubstituted variant of thalidomide and is an immunomodulatory
agent. Patients who are candidates for stem cell transplantation may be treated with
lenalidomide plus low-dose dexamethasone. In a randomized trial of 445 previously
untreated symptomatic MM, patients were assigned to lenalidomide (25 mg daily days 1-21)
plus high-dose dexamethasone (40 mg daily on days 1-4, 9-12, and 17-20) or to
lenalidomide in the same dose and schedule plus dexamethasone 40 mg given weekly for
each 28-day cycle.14 Preliminary results presented in abstract form show that the 1-year
survival was 96% for lenalidomide/low-dose dexamethasone compared with 88% for
lenalidomide plus standard-dose dexamethasone. The 2-year survival probability was 87%
and 75%, respectively.15 The risk of deep-venous thrombosis was less in the low-
dexamethasone regimen (6% vs. 25%), and the incidence of infection was also reduced (7%
vs. 14%). In another study, Niesvizky et al reported that lenalidomide, clarithromycin, and
weekly dexamethasone produced an objective response in 90%.16 Pregnancy must be
avoided in all patients receiving lenalidomide.

Thalidomide Plus Dexamethasone
Thalidomide was introduced as a sedative in the late 1950s and was withdrawn from the
market after reports of teratogenecity in 1961. Though trials with thalidomide as an
anticancer agent were unsuccessful in the 1960s, the recognition of increased angiogenesis
in MM and the awareness of antiangiogenic properties of thalidomide led to the first clinical
trial of this agent for the treatment of MM at the University of Arkansas.17 In a randomized
study, 470 patients with symptomatic previously untreated MM were randomized to receive
thalidomide in a dosage of 50 mg daily with escalation to 200 mg daily if tolerated plus
dexamethasone 40 mg (days 1-4, 9-12, and 17-20) versus placebo plus dexamethasone 40
mg (days 1-4, 9-12, and 17-20). A response (CR/PR) was attained in 63% of patients
receiving thalidomide/dexamethasone compared with 40% for those receiving only
dexamethasone. The time to progression was 22.6 months versus 6.5 months, favoring the
thalidomide/dexamethasone regimen. Deep-venous thrombosis occurred in 12% of patients
receiving thalidomide/dexamethasone compared with 2% for the dexamethasone-alone
regimen.18 In another study, pegylated liposomal doxorubicin (40 mg/m2 intravenously
[I.V.] on day 1) plus thalidomide 100 mg daily plus dexamethasone 40 mg on days 1-4 and
9-12 produced an overall response of 98%, while a complete response (CR)/near-complete
response (nCR) occurred in 48% after 4 cycles of therapy. The major side effects were
infection, thromboembolic events, and neutropenia.19 Prophylactic prevention of
thromboembolic phenomena is necessary. The System for Thalidomide Education and
Prescribing Safety (STEPS) program must be followed when thalidomide is given.

Bortezomib plus Dexamethasone
Bortezomib plus dexamethasone is another option for induction therapy. In a report of 48
patients with untreated symptomatic myeloma, Jagannath et al gave bortezomib 1.3 mg/m2
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twice weekly for 2 weeks every 3 weeks plus dexamethasone 40 mg on the day of and the
day after bortezomib. The CR/nCR rate was 19%, and the partial response (PR) was 71%,
giving a 90% response rate.20 Bortezomib plus dexamethasone is recommended for patients
with renal insufficiency. Bortezomib also appears to overcome the adverse effect of
unfavorable cytogenetic abnormalities.21 In a phase II trial, 6 cycles of alternating
bortezomib and dexamethasone produced a 65% response rate, with the majority occurring
during the first 2 cycles of therapy.22

VTD: Bortezomib, Thalidomide, and Dexamethasone
Bortezomib/thalidomide/dexamethasone (VTD) has shown high activity in relapsed
refractory myeloma and in newly diagnosed disease. Cavo and colleagues compared
thalidomide/dexamethasone to VTD in a randomized controlled trial in 256 patients.23 As
pretransplantation induction therapy, the CR plus very good PR (VGPR) rate was
significantly higher with VTD compared with thalidomide/dexamethasone (60% vs. 27%; P
< .001). The VTD regimen was well tolerated and permitted adequate stem cell collection.

VAD: Vincristine, Doxorubicin, and Dexamethasone
Vincristine/doxorubicin/dexamethasone (VAD) has been used for initial chemotherapy
before ASCT. It is typically given intravenously continuously for 96 hours plus
dexamethasone 40 mg daily on days 1-4, 9-12, and 17-20 each month.24 Because high-risk
dexamethasone accounts for 80% of the effect of VAD, many physicians have used it as a
single agent because of the inconvenience and side effects of vincristine and doxorubicin.
Significant side effects from VAD include recurrent infections, worsening of diabetes,
myopathy, gastrointestinal bleeding, cardiac damage, and neuropathy. The vincristine-
produced neuropathy might compromise the ability of the patient to receive treatment with
thalidomide or bortezomib in the future. In one study, the overall response was 84% with a
CR rate of 27%.25 However, this regimen is infrequently used now because of the risk of
sepsis and thromboembolic events from the central venous catheter as well as neurotoxicity
from the vincristine. Bolus injection of vincristine and doxorubicin avoids some of these
problems.

Autologous Stem Cell Transplantation
Following 3-4 months of induction therapy with lenalidomide, thalidomide, or bortezomib,
all with dexamethasone, one must collect the stem cells. In our experience with 472 patients
with newly diagnosed MM who underwent an ASCT, we found no significant difference in
response rates, posttransplant complications, or treatment-related mortality in patients who
received VAD; dexamethasone alone; thalidomide plus dexamethasone; or lenalidomide
plus dexamethasone.26 Though we have failed to show that the depth of response before
transplantation is associated with improved long-term posttransplantation outcomes, 2 recent
studies suggest that induction therapies associated with greater depth of response (VGPR or
CR) before transplantation do translate into superior progression-free survival (PFS)
following transplantation. Cavo and colleagues reported this in a trial comparing VTD with
thalidomide plus dexamethasone.27 A similar finding was also reported by Harousseau and
colleagues in a trial comparing bortezomib/dexamethasone to VAD chemotherapy.28

The stem cells must be collected before the patient is exposed to alkylating agents. One may
use granulocyte colony-stimulating factor (G-CSF) with or without cyclophosphamide.
There are no randomized trials comparing these two approaches. G-CSF plus
cyclophosphamide usually produces more stem cells than G-CSF alone, but it is associated
with a longer time to begin collection and greater neutropenia. We attempt to collect 6 × 106

CD34+ cells/kg, which is sufficient for 2 ASCTs.
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Theoretically, purging of tumor cells would be beneficial, but this has produced no apparent
benefit even after removal of 2-3 logs of tumor cells. Furthermore, delayed engraftment may
result. In a report of 190 previously treated patients with stable or responsive disease,
CD34+ selection resulted in a 3.1-log reduction of tumor cells. There were no differences in
median survival or disease-free survival after 37 months follow-up between those patients
receiving CD34+ selected or unselected stem cells.29 Bourhis et al,30 in a prospective study
of 111 patients with newly diagnosed MM who were randomly assigned to infusion of either
CD34+ selected stem cells or unselected autologous stem cells, reported a median reduction
of tumor load of 2.2 logs but no significant difference in event-free survival (EFS), relapse
rate, or 5-year overall survival (OS). Consequently, purging is not advised at the present
time.

The advantages of an ASCT are that the mortality is low (about 1%) and is available for up
to one half of patients with MM. In fact, approximately 40% of our patients undergo an
ASCT entirely as an outpatient. Most importantly, the procedure is not curative because of
the failure to eradicate the tumor and patients must be told that they will likely relapse. The
median duration of response is approximately 2 years.26

Timing of Transplantation
The initial ASCT may be given when the patient recovers from hematopoietic stem cell
collection or delayed until relapse. In one study, 185 patients were treated with 3-4 cycles of
vincristine, doxorubicin, and methylprednisolone and then randomized to high-dose
chemotherapy and an autologous transplantation or to receive conventional therapy with the
autologous transplantation performed if resistant to chemotherapy or at relapse. The median
survival was virtually the same in the two groups (64 months vs. 65 months). The
advantages of early autologous transplantation were a superior quality of life, a shorter
period of chemotherapy, and a longer EFS (39 months vs. 13 months).31 For those reasons,
we prefer an early ASCT.

Conditioning Regimens
In a randomized trial, 282 newly diagnosed symptomatic myeloma patients aged < 65 years
were randomized to receive melphalan 140 mg/m2 plus 8 Gy total body irradiation or
melphalan 200 mg/m2.32 Patients receiving melphalan 200 mg/m2 had a more rapid
hematologic recovery, lower incidence of severe mucositis, fewer transfusions, and shorter
hospitalizations. Survival at 45 months was better in patients receiving melphalan 200 mg/
m2 (66% vs. 46%). Autologous stem cell transplantation has been shown to be superior to
combination chemotherapy. An example is a study from the UK in which 401 patients with
newly diagnosed symptomatic MM were randomized to receive a preparative regimen of
melphalan 200 mg/m2 followed by stem cell rescue or chemotherapy (doxorubicin,
carmustine, cyclophosphamide, and melphalan). The CR rate was 44% for the
transplantation group and 8% for the chemotherapy regimen. The PFS (32 months vs. 20
months) and the OS (54 months vs. 42 months) also favored transplantation.33 Most studies
have been performed on patients whose serum creatinine was < 2.0 mg/dL. Autologous stem
cell transplantation can be performed in patients with renal failure. In one report, 60 patients
with creatinine levels > 2 mg/dL received melphalan 200 mg/m2, but this was associated
with excessive toxicity. Subsequently, 21 patients were given melphalan 140 mg/m2. Those
who received the higher dose of melphalan had higher rates of pulmonary toxicity and
mucositis. However, transplantation-related mortality and OS were not different between the
two melphalan doses.10 Studies are ongoing now to improve on melphalan-based
conditioning by adding bortezomib to melphalan 200 mg/m2.

Kyle and Rajkumar Page 5

Clin Lymphoma Myeloma. Author manuscript; available in PMC 2014 February 03.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Single Versus Tandem Transplantation
The question of a single or a tandem (double) ASCT is controversial. Attal et al, in a
randomized study comparing single and tandem transplantation, reported a superior EFS
(21% vs. 10%) and OS (42% vs. 21%) favoring a tandem transplantation after 7 years’
follow-up.34 They concluded that those patients who obtained a CR or a VGPR with the first
autologous transplantation did not benefit from a second transplantation. Most investigators
use this approach. In another randomized study of 321 patients, Cavo et al reported an OS of
71 months for a tandem transplantation versus 65 months for the single transplantation.35 On
the other hand, Fermand et al, in a smaller, randomized study of 193 patients, reported no
difference in OS or EFS.36 Sirohi et al in a retrospective study of 451 patients with a single
autologous transplantation concluded that results were comparable to those with a tandem
transplantation.37,38

Maintenance Therapy Following Autologous Stem Cell Transplantation
A total 597 patients aged < 65 years in an Intergroupe Français du Myélome (IFM) trial
received a tandem autologous transplantation and then were randomized to no maintenance,
pamidronate maintenance, or pamidronate plus thalidomide maintenance. A CR or a VGPR
was obtained in 55, 57, and 67% of the patients, while 4-year OS rates were 77%, 74%, and
87%, respectively. Although thalidomide improved the response rate and OS, it often
resulted in peripheral neuropathy.39 Though the IFM trial showed an OS benefit with
thalidomide, with longer follow-up, this difference has lost its statistical significance (JL
Harousseau, personal communication).

In a trial of 868 newly diagnosed patients with MM given intensive chemotherapy and a
tandem ASCT, patients were randomized to receive or not receive thalidomide during the
entire treatment period. The CR rates for thalidomide and the control groups were 62% and
43%, respectively, with an estimated 5-year EFS of 56% and 44%, respectively.40 Severe
peripheral neuropathy and deep-venous thrombosis were significantly more common in the
thalidomide-treated group. The thalidomide arm of Total Therapy 2 showed a survival
benefit only in the subset with high-risk myeloma.40,41 Furthermore, it is hard to attribute
this to maintenance therapy because thalidomide was administered in the induction,
consolidation, and maintenance phases of the trial in the experimental arm. Two other trials
have suggested benefit with thalidomide therapy but have limitations.42,43 In most of these
trials, therapy with thalidomide appeared to benefit only those who were not in VGPR after
transplantation, and the duration of therapy was short (6-12 months),43 and more
appropriately referred to as consolidation rather than maintenance. Results of the recently
completed Bone Marrow Transplant Clinical Trials Network (BMT-CTN) trial will shed
more light on this issue. Given the adverse effects of thalidomide, lenalidomide maintenance
may be more appealing and is being tested in randomized trials.

α-2-Interferon has been used for maintenance therapy. In a large meta-analysis of 24
randomized trials involving 4012 patients, α-2-interferon showed only a modest benefit in
PFS and OS.44 A large Intergroup trial showed no benefit with interferon as maintenance
therapy.45

At present, we recommend that patients who have obtained a response from an ASCT be
followed without maintenance therapy unless they are part of a clinical trial.

Allogenic Transplantation
Allogenic transplantation has the advantage of the absence of contamination of the
hematopoietic stem cells by tumor cells and the possibility of producing a cure. On the other
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hand, more than 90% of patients with MM are ineligible because of their age or lack of an
HLA-matched donor. The initial mortality was approximately 40% and currently has been
reduced to approximately 25%. In a report of 80 patients who received an allogenic stem
cell transplantation, only 5 were alive and without evidence of disease 4-7 years after
transplantation.46 Standard allogenic transplantations in MM is not recommended. If an
identical twin donor is available, one should proceed with a syngeneic transplantation rather
than an ASCT.

Nonmyeloablative Transplantation
Nonmyeloablative (reduced intensity or mini-allogeneic) stem cell transplantation regimens
have been used in MM. The goal is to use the improved CR rate and relapse-free mortality
seen with an allogenic transplantation while eliminating the high treatment-related mortality.
Initially, patients with relapsed or refractory myeloma were treated, but results were
disappointing. Consequently, the use of an ASCT followed after recovery with a
nonmyeloablative allogeneic stem cell transplantation is preferable. The initial studies
reported a mortality of 25% and a 3-year OS and PFS rate of 41% and 21%, respectively.47

Poor OS was associated with chemoresistant disease, > 1 previous transplantation, and
absence of chronic graft-versus-host disease (GVHD). It is impossible to separate GVHD
from graft-versus-tumor effect. A total of 162 consecutive patients with newly diagnosed
MM who were aged ≤ 65 years and had at least one sibling were treated initially with 2 or 3
courses of VAD. This was followed by cyclophosphamide 3-4 g/m2 with or without
paclitaxel 250 mg/m2, following which allogeneic stem cells were mobilized after treatment
with G-CSF. Those patients with an HLA-identical sibling received an autologous
transplantation followed by a nonmyeloablative allogeneic transplantation using the sibling
donor. Patients without an HLA-identical sibling received a double ASCT. The mortality
rate was 2% for the double autologous transplantation and 10% for the patients receiving an
autologous followed by a nonmyeloablative transplantation. With a median follow-up of 45
months, the disease-related mortality was 43% for the tandem autologous transplantation
versus 7% for the autologous/allogeneic groups. Grade 2-4 GVHD occurred in 43% of the
autologous/allogeneic group. The median OS had not been reached in the autologous/
allogeneic group with a median follow-up of 46 months, while median survival was 58
months in the tandem transplanation group.48 A larger trial comparing autologous
transplantation with autologous/nonmyeloablative transplantation completed accrual in 2006
by the BMT-CTN and will be analyzed in 2009. A nonmyeloablative transplantation should
not be performed unless a patient is in a clinical trial or has high-risk MM.

Initial Therapy for Patients Who Are Ineligible for an Autologous Stem Cell
Transplantation
Melphalan/Prednisone

Since the 1960s, melphalan and prednisone have been the standard of therapy. We used
melphalan 0.15 mg/kg daily for 7 days plus prednisone 15 mg 4 times daily for the same 7
days. The leukocytes and platelets are measured at 3-week intervals, and the cycle repeated
every 6 weeks. The dose of melphalan needs to be altered so that modest cytopenia occurs at
midcycle. Even when melphalan and prednisone are used in an ideal fashion, the response
rate is only 50%-60%. Consequently, for decades, investigators developed various
combinations of chemotherapy. In a large meta-analysis of 4930 symptomatic myeloma
patients in 20 prospective trials, the response rate was 60% for various chemotherapy
combination regimens compared with 53% for melphalan and prednisone (P < .00001).
However, there was no difference in survival and no subsets who benefited from either
single or multiple combinations of chemotherapy.49 As discussed below, other options have
emerged in recent years for elderly patients, but melphalan plus prednisone might still be the
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best option for selected patients who are unable to tolerate or have access to new agents such
as thalidomide or bortezomib.

Melphalan, Prednisone, and Thalidomide
Palumbo et al reported a randomized trial comparing melphalan, prednisone, and
thalidomide (MPT) with melphalan and prednisone (MP) in 255 patients with newly
diagnosed myeloma aged 65-85 years who were considered ineligible for an ASCT. The
patients were randomized to MPT 100 mg daily for 6 months or MP in the same dose and
schedule. The response rate was 76% and CR 16% in the MPT regimen, compared with 48%
and 2%, respectively, for MP. The 2-year EFS was 54% versus 27%, while the 3-year
survival was 80% versus 64%, favoring the MPT regimen.50 However, grade 3/4 adverse
events occurred in 48% with the MPT regimen, compared with 25% for MP. The risk of
thromboembolic phenomena (12% vs. 2%), infection (10% vs. 2%), and peripheral
neuropathy (8% vs. 0) was greater in MPT compared with MP. The IFM reported on 447
previously untreated patients with myeloma aged 65-70 years who were deemed ineligible
for an ASCT. They were randomized to MPT for 1 year with thalidomide given in an
increasing dosage to a maximum of 400 mg daily if tolerated; or MP in the same dosage and
schedule for 12 months; or VAD followed by melphalan 100 mg/m2 × 2 followed by stem
cell rescue. The median PFS times were 28 months, 18 months, and 19 months, respectively,
while the OS was 52 months, 33 months, and 38 months.51 MPT was associated with higher
rates of grade 3 or 4 neutropenia (48%), thromboembolic phenomena (12%), constipation
(10%), and somnolence and fatigue/dizziness (8%). In another IFM study of 229 patients
with previously untreated MM who were aged > 75 years, the patients were randomized to
melphalan 0.2 mg/kg plus prednisone 2 mg/kg days 1-4 every 6 weeks for 12 months or MP
in the same dosage plus thalidomide 100 mg daily.52 The median PFS was 24.2 months and
median OS 45.3 months compared with 19 months and 27.7 months, respectively, for the
MP alone. Palumbo et al, in a phase II study of MM patients aged ≥ 65 years, determined
that the maximum tolerated dose for melphalan was 0.18 mg/kg and lenalidomide 10 mg
daily.53 A large, prospective, randomized study comparing melphalan, prednisone, and
lenalidomide versus MP is ongoing in Europe.

Bortezomib, Melphalan, and Prednisone
Another option for the nontransplantation candidate is bortezomib, melphalan, and
prednisone (VMP): bortezomib 1.3 mg/m2 I.V. days 1, 4, 8, 11, 22, 25, 29, and 32 during
cycles 1-4 and bortezomib 1.3 mg/m2 on days 1, 8, 22, and 29 during cycles 5-9 plus
melphalan 9 mg/m2 and prednisone 60 mg/m2 days 1-4 of each cycle or to MP in the same
dosage and schedule.21 The CR plus VGPR was 45% for VMP compared with 10% for MP.
As expected, neutropenia, thrombocytopenia, anemia, and gastrointestinal symptoms were
more common with the MPV regimen. Peripheral neuropathy occurred in 44% of the VMP
group and in 5% with MP. The peripheral neuropathy resolved or improved in 74% of
patients within a median of 2 months.21

Trials directly comparing MPT, VMP, and melphalan/prednisone/lenalidomide (MPR) are
needed. Currently, we prefer MPT for the treatment of standard-risk myeloma patients,
whereas VMP is recommended for patients with high-risk disease. Though the numbers are
small, it appears that VMP overcomes the adverse effect of chromosomal abnormalities.21

We continue the initial chemotherapy regimen until the patient reaches a plateau state. There
is no evidence that continued chemotherapy with MP is of benefit after achieving a plateau
state. In addition, there is a risk of myelodysplasia from continued treatment with alkylating
agents. The role of thalidomide, bortezomib, and lenalidomide for maintenance therapy is
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not known. Nonalkylating agents should be administered as maintenance therapy only
within the context of a clinical trial.

Summary of Treatment Recommendations for Newly Diagnosed Myeloma
Initial chemotherapy for the patient with symptomatic MM depends upon whether the
patient is felt to be a candidate for ASCT. The major features that determine eligibility are
age, performance status, and the presence of comorbid conditions. For those patients who
are not eligible for an ASCT, we recommend MPT. If the patient falls in the high-risk group,
VMP is preferable. For the transplantation-eligible patient who is in the standard risk group,
we recommend a single ASCT following 3 or 4 cycles of lenalidomide plus low-dose
dexamethasone. A second ASCT is recommended if the patient does not achieve a VGPR or
CR. If the patient is transplantation eligible and falls in the high-risk group, a bortezomib-
containing regimen is indicated. Bortezomib rather than lenalidomide is preferable for
patients with renal insufficiency.

Management of Thromboembolic Risks in Patients Receiving Thalidomide
or Lenalidomide

Anticoagulation is not needed for patients taking single-agent thalidomide or lenalidomide.
If the two agents are used with low-dose dexamethasone (or prednisone), aspirin 81 mg or
325 mg daily is recommended.54

If thalidomide or lenalidomide is given with high-dose dexamethasone, doxorubicin,
liposomal doxorubicin, or erythropoietin, the use of prophylactic low-molecular-weight
heparin (equivalent of enoxaparin 40 mg subcutaneously daily) or full-dose warfarin to
maintain a therapeutic International Normalized Ratio of 2-3 is advised. Low-dose warfarin
is not beneficial and should be avoided. It is challenging to maintain a therapeutic level of
warfarin while giving corticosteroids or other chemotherapeutic agents intermittently. The
risk of bleeding when using anticoagulation agents must be weighed against the risk of
bleeding in a given patient. If a patient has a history of a previous thromboembolic event or
is on bed rest or is obese or has any other risk factor for thrombosis, one must consider
anticoagulation. Bortezomib does not produce a higher level of thromboembolic risk.8

Treatment of Relapsed or Refractory Multiple Myeloma
Multiple myeloma is an incurable disease, and almost all patients will eventually develop
resistant or refractory disease. The role of relapse in MM is important. In a report of 578
patients with symptomatic MM who were followed up and monitored throughout their
clinical course at Mayo Clinic, the OS rates at 1, 2, and 5 years were 72%, 55%, and 22%,
respectively. The median OS was 28.4 months. The median OS of 355 patients who
experienced relapse after initial therapy was 17.1 months from institution of the second
therapy. The duration of response decreased with each successive relapse. The median
duration of time from diagnosis to the first relapse was 9.9 months. Time from diagnosis for
the second, third, fourth, fifth, and sixth relapses were 7.3, 6.0, 4.5, 4, and 3.2 months,
respectively.55

If relapse occurs more than 6 months after initial therapy is stopped, the initial
chemotherapy regimen should be reinstituted in most instances. In the past decade,
thalidomide, bortezomib, and lenalidomide have been introduced and have revolutionized
the treatment of patients with relapsed MM.
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Thalidomide
Singhal et al reported that thalidomide in a dosage of 200 mg daily with escalation to 800
mg daily, if tolerated, produced a response in 32% of 84 patients.17 The responses are
durable, with a median duration of approximately 12 months.56 When used with
corticosteroids, the response rate with thalidomide increased to approximately 50%. Side
effects from thalidomide include sedation, fatigue, constipation, rash, peripheral neuropathy,
deep vein thrombosis, edema, bradycardia, and hypothyroidism. The use of thalidomide in
pregnancy is contraindicated, and the STEPS program must be followed to prevent
teratogenic effects.57

Bortezomib
Bortezomib is a proteasome inhibitor that shows activity against MM. In a phase I study,
Orlowski et al reported activity in MM.58 A multicenter phase II trial of bortezomib in 193
patients with refractory MM showed a response rate of 35%. Furthermore, the median
duration of response was 12 months.59 A randomized phase II trial of bortezomib versus
dexamethasone in 669 myeloma patients who had not responded to treatment or who had
relapsed after initial therapy was reported.60 The patients were randomized to bortezomib
1.3 mg/m2 on days 1, 4, 8, and 11 every 3 weeks or dexamethasone 40 mg on days 1-4,
9-12, and 17-20. The time to progression was 6.2 months with bortezomib and 3.5 months
with dexamethasone. The OS was 29.8 months versus 23.7 months, favoring the bortezomib
regimen.60 The response to bortezomib is rapid and usually occurs with 1 or 2 cycles of
therapy. In another randomized study of patients with relapsed or refractory myeloma, 646
patients were randomized to bortezomib 1.3 mg/m2 I.V. on days 1, 4, 8, and 11 or to
bortezomib in the same dose and schedule plus doxorubicin 30 mg/m2 I.V. on day 4
(pegylated liposomal doxorubicin). The time to progression was 6.5 months for bortezomib
and 9.3 months for bortezomib plus doxorubicin. Survival at 15 months was superior in the
bortezomib/doxorubicin combination (75% vs. 65%).61 The most common side effects of
bortezomib are gastrointestinal symptoms, cytopenias, fatigue, and peripheral neuropathy.
The peripheral neuropathy is often very painful and develops in 30%-40% of patients.

Bortezomib appears to overcome the effect of adverse chromosomal features such as
hypodiploidy and deletion of chromosome 13 by conventional cytogenetics as well as
adverse cytogenetic changes such as t(4;14), t(4;16); or 17p- on FISH. Objective evidence is
meager, but the 26 patients with high-risk cytogenetic profiles—t(4;14), t(14;16)
translocation or a del(17p)—had the same rate of complete response and similar times to
progression as well as OS compared with the 142 patients with normal cytogenetic
profiles.21

Lenalidomide
Lenalidomide produces an objective response in approximately 30% of patients with MM.62

In a large randomized study, 704 patients in North America and Europe with relapsed and/or
refractory MM were randomized to lenalidomide 25 mg days 1-21 plus dexamethasone 40
mg days 1-4, 9-12, and 17-20, or to placebo plus the same dose and schedule of
dexamethasone. The response rate was 60.5% versus 22%, favoring lenalidomide plus
dexamethasone over dexamethasone. The time to progression was 11.2 months for
lenalidomide/dexamethasone compared with 4.7 months for dexamethasone alone.63,64 The
major side effects of lenalidomide are thrombocytopenia, neutropenia, and anemia, whereas
neuropathy, sedation, and gastrointestinal effects were not a problem.65-67
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Survival of Multiple Myeloma in the Past Decade: Effect of Novel Therapies
The survival of MM was < 1 year before the introduction of alkylating agents.68 The
introduction of melphalan was an important advance.69 Introduction of ASCT and the novel
agents of thalidomide and bortezomib have improved survival. Kumar et al in 2008 reported
that OS improved in patients relapsing after stem cell transplantation when they had
received thalidomide, bortezomib, or lenalidomide. In 387 patients from Mayo Clinic, 161
patients who received one of the novel agents had a median survival of 30.9 months
compared with 14.8 months for the 226 patients who relapsed and did not receive any of the
novel agents (Figure 3).70 A review of 2981 patients from Mayo Clinic who were seen
between 1971 and 2006 showed that the median survival of those diagnosed after 1996 was
44.8 months compared with 29.9 months for those diagnosed between 1971 and 1996
(Figure 4).70

New phase I or phase II agents include SAHA, a histone deacytlase inhibitor; tanespimycin,
a heat-shock protein-90 inhibitor; vatalanib (PTK787), a vascular endothelial growth factor
inhibitor; lonafarnib (SCH-66336), farnesyltransferase inhibitor; NPI-005, an oral
proteasome inhibitor; dovitinib lactate (CHIR-258), an FGFR3 inhibitor; talmapimod (SCIO
469), a P38 MAPK inhibitor; and carthrozomab. Podar et al published an excellent review
concerning new agents for the treatment of MM.71

Treatment of Complications
Management strategies for complications in patients with MM have been published.65

Hypercalcemia
Hypercalcemia is present in 15%-20% of patients with MM at the time of diagnosis. It might
be asymptomatic or produce anorexia, nausea, vomiting, polyuria, polydipsia, increased
constipation, weakness, confusion, or stupor. Hypercalcemia is a major cause of renal
insufficiency. Treatment consists of hydration, preferably with isotonic saline. Prednisone
25 mg 4 times daily is effective in most patients. If the patient has severe hypercalcemia or
does not respond to hydration and prednisone, zoledronic acid 4 mg intravenously over 15
minutes is recommended.72

Skeletal Disease
Approximately 80% of patients will have abnormalities on conventional skeletal radiographs
at the time of diagnosis of symptomatic MM. Magnetic resonance imaging (MRI) shows
lesions in > 90% of patients. Technetium bone scans are inferior to roentgenograms for the
detection of lytic lesions.73

Intravenous pamidronate 90 mg delivered over at least 2 hours74 or zoledronic acid 4 mg
delivered over at least 15 minutes every 3-4 weeks is recommended for patients with MM
who have lytic lesions or osteopenia on the basis of plain radiographs, MRI, or computed
tomography (CT).75 Clodronate is an alternative bisphosphonate approved worldwide,
except in the United States, and may be given orally.

Pamidronate should be reduced in patients with renal insufficiency. Zoledronic acid should
be avoided in patients with severe renal impairment. The bisphosphonates should be
continued for 2 years, and at that point, physicians should seriously consider discontinuing
bisphosphonates in patients with responsive or stable myeloma.75 Bisphosphonates should
be reinstituted in the event of relapsed and progressive skeletal involvement. Intravenous
bisphosphonates are not indicated for patients with monoclonal gammopathy of
undetermined significance, smoldering MM, or solitary plasmacytoma. Osteonecrosis of the
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jaw is a potential complication of bisphosphonates.76 It is desirable to have a comprehensive
dental examination and appropriate preventive dentistry before bisphosphonate therapy is
initiated. When on therapy, patients should maintain good oral hygiene and avoid invasive
dental procedures if at all possible in order to reduce the risk of osteonecrosis of the jaw.

Patients with MM should be encouraged to be as active as possible and to avoid trauma.
Fixation of fractures or impending fractures of long bones with an intramedullary rod and
methyl methacrylate has produced good results.

Vertebroplasty involves the percutaneous injection of methyl methacrylate under
fluoroscopic guidance into the collapsed vertebral body. Kyphoplasty is a technique that
involves the introduction of an inflatable balloon into the vertebral body. Inflation of the
balloon may restore the height of the vertebral body and creates a cavity that can be filled
with methyl methacrylate. Both procedures might be beneficial and are discussed in detail
by the International Myeloma Working Group.77

Anemia
Anemia is a common feature of MM. Randomized clinical trials have shown that
symptomatic anemia is often improved by the administration of erythropoietin. Other causes
of anemia such as iron, folate, or vitamin B12 deficiencies must be recognized and treated.
Anemia may be secondary to bone marrow involvement or renal insufficiency. Successful
treatment of MM often results in reduction of tumor mass and better renal function, leading
to higher hemoglobin levels. Erythropoietin should be considered for patients whose
hemoglobin is < 10 g/dL. Erythropoietin should not be given if the hemoglobin reaches 11
g/dL. Guidelines for the use of erythropoietin have been published.78 Blood transfusions are
indicated for patients with severe anemia that does not respond to other therapy.

Renal Insufficiency
Renal insufficiency is a major problem in MM.79 It is present in approximately one half of
patients with MM at diagnosis; 20% have a serum creatinine > 2 mg/dL. The two major
causes of renal insufficiency are cast nephropathy, which is due to excessive production of
monoclonal light chains or hypercalcemia. Dehydration or hyperuricemia might also
produce renal failure. The presence of AL amyloidosis or light chain deposition disease
might produce renal failure; they are usually associated with the nephrotic syndrome.

Patients with acute renal failure because of cast nephropathy should be treated with
bortezomib and dexamethasone. Plasmapheresis is a consideration for patients with acute
renal failure. It is important to encourage patients with Bence Jones proteinuria to drink
enough fluids to produce 3 L of urine daily.

Infections
Patients with MM are prone to infections because of suppression of humoral and cell-
mediated immunity from the disease and the effects of therapy. Common organisms include
Streptococcus pneumoniae and Haemophilus influenzae. Herpes zoster is also common and
requires antiviral therapy to prevent dissemination. Intravenous immunoglobulin infusions
might be helpful for patients with hypogammaglobulinemia and recurrent serious infections,
despite the use of prophylactic antibiotics. Despite the fact that patients with MM develop
suboptimal antibody responses, immunization with pneumococcal and influenza vaccine
should be given. Guidelines for the management of infections have been published.80
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Spinal Cord Compression
Spinal cord compression from an extramedullary plasmacytoma should be suspected in
patients with weakness or paresthesias of the lower extremities or bladder or bowel
dysfunction or incontinence. MRI or CT myelography of the entire spine must be performed
immediately. Dexamethasone and radiation therapy are usually helpful if cord or cauda
equina compression is documented. Surgical decompression is usually unnecessary but
should be done if the neurologic deficit increases.

Hyperviscosity Syndrome
Patients with MM infrequently develop hyperviscosity syndrome.81 It is characterized by
blurred vision, oronasal bleeding, neurologic symptoms, confusion, or congestive heart
failure. Serum viscosity measurements do not correlate well with symptoms or the clinical
findings. Consequently, physicians must examine the fundus for evidence of venous
dilatation, presence of hemorrhages or exudates or papilledema. Plasmapheresis promptly
relieves the symptoms and should be performed regardless of the viscosity level if the
patient is symptomatic. It should be kept in mind that some patients might have a marked
increase of relative viscosity but no symptoms or findings of hyperviscosity. These patients
should not be treated with plasmapheresis.
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Figure 1. Classification of Multiple Myeloma at Diagnosis Into High Risk or Standard Risk8
aPatients with t(4;14), β2-microglobulin < 4 mg/L, and Hb ≥ 10 g/dL may have intermediate-
risk disease.
Abbreviations: FISH = fluorescence in situ hybridization; Hb = hemoglobin; MM = multiple
myeloma; mSMART = Stratification for Myeloma and Risk-Adapted Therapy; PCLI =
plasma cell labeling index
From Mayo Clin Proc.,8 with permission.
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Figure 2. Algorithm Outlining the Current Approach to the Treatment of Newly Diagnosed
Myeloma9

Abbreviations: CR = complete response; MPT = melphalan/prednisone/thalidomide; VGPR
= very good partial response
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Figure 3. Overall Survival From Time of Posttransplantation Relapse Grouped by Whether
Patients Received One of the New Drugs (Thalidomide, Bortezomib, or Lenalidomide) or Not70

This research was originally published in Blood. Kumar SK, Rajkumar SV, Dispenzieri A,
et al. Improved survival in multiple myeloma and the impact of novel therapies. Blood.
2008;111:2516-20. © the American Society of Hematology.
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Figure 4. Overall Survival of Multiple Myeloma From Time of Diagnosis Before and After
199670

This research was originally published in Blood. Kumar SK, Rajkumar SV, Dispenzieri A,
et al. Improved survival in multiple myeloma and the impact of novel therapies. Blood.
2008;111:2516-20. © the American Society of Hematology.
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