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New drugs in the therapy of multiple myeloma
Novas drogas na terapia do mieloma múltiplo

Antonio Palumbo
Patrizia Falco

The advances in the understanding of the pathogenesis of multiple myeloma and the
mechanism of drug resistance have led to the development of novel targeted therapies
that are able to overcome resistance and show additive or synergistic effects with old
chemotherapeutic agents. Thalidomide, its immunomodulatory derivative
lenalidomide, and the proteasome inhibitor bortezomib, in combination with oral
melphalan in the elderly and with intravenous melphalan in younger patients, are
changing the traditional treatment paradigm of multiple myeloma. High-dose melphalan
followed by autologous stem cell transplantation in the younger patients and oral
melphalan-prednisone-thalidomide in the elderly are the standard of care for newly
diagnosed multiple myeloma. In younger patients, combinations incorporating
thalidomide or lenalidomide or bortezomib significantly increase the pre-transplant
response rate before high-dose melphalan and autologous transplantation, and may
further improve the response rate and survival achieved after transplant. Prospective
randomized studies incorporating new agents and stratifying patients based on
cytogenetic abnormalities, are needed to define the therapeutic algorithm in high-risk
disease. Rev. bras. hematol. hemoter. 2008;30(Supl. 2):10-17.
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Introduction

Multiple myeloma (MM) is a malignant plasma cell
disorders that accounts for approximately 10% of hematologic
malignancies.1,2 At diagnosis, the majority of patients are older
then 65 years; about a third of myeloma patients are younger
than 65 years, and a third are older than 75 years of age.3

In newly diagnosed myeloma patients younger than 65
years, high-dose melphalan followed by autologous stem
cell transplantation is considered the standard of care. In
elderly patients, usually older than 65 years, oral melphalan
and prednisone (MP) has been considered the standard until
recently.

The introduction of new drugs, such as thalidomide,
lenalidomide and the proteasome inhibitor bortezomib,
targeting both the myeloma cells and the bone marrow
microenvironment has significantly increased the clinical

efficacy of the old chemotherapy regimens. The target is now
to define the optimal sequence and combination of these
drugs to significantly impact the natural history of the
disease. (Table 1).

Treatment of myeloma in patients eligible for
transplantation

Initial therapy for patients with newly diagnosed
multiple myeloma is dependent on eligibility for autologous
stem cell transplantation (ASCT), determined by age,
performance status, and coexisting comorbidities. Front-line
autologous transplant is generally preceded by few courses
of conventional chemotherapy that are aimed to reduce tu-
mor cell mass prior to stem-cell mobilization. At present,
vincristine, doxorubicin and dexamethasone (VAD) have been
widely used as induction therapies, as well as dexamethasone
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alone, while induction therapy with melphalan-based regimen
should be avoided in patients who are considered eligible for
ASCT, since it can interfere with adequate stem cell
mobilization.

Vincristine, doxorubicin, dexamethasone (VAD) was
used for many years as pre-transplant induction therapy.
However, VAD has drawbacks such as needing an intra-
venous indwelling catheter, and neurotoxicity from vincristine
which can limit the future use of thalidomide and bortezomib.
Recently, Cavo and colleagues in a matched case-control
study of 200 patients demonstrated that response rates with
VAD were significantly lower compared to thalidomide-
dexamethasone combination (Thal/Dex), 76% versus 52%,
respectively.4 Preliminary results from randomized trials
confirm these findings.5-6 As a result, VAD is not
recommended anymore as initial therapy and Thal/Dex has

increasingly been used in place of VAD. The inclusion of
Thalidomide into the high-dose therapy schema followed by
autologous transplantation led to a higher CR rate (62% vs
43%) and improved 5-year event-free survival (56% vs 44%)
compared with high-dose therapy without thalidomide.7

Unfortunately, the 5-year overall survival (OS) was similar in
both groups (p=0.9). In the thalidomide group, a higher rate
of thromboembolism (30% vs 17%) and peripheral neuropathy
(27% vs 17%) were reported.

Dexamethasone alone has also been used as induction
therapy, with an objective response rates of approximately
45%,8 significantly lower compared to newer induction
regimens. In randomized trials the early mortality rate
associated with dexamethasone is over 10% in the first 4
months of therapy, reflecting the toxicity and
ineffectiveness of this regimen. Consequently, single-agent
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dexamethasone is no longer recommended as initial
therapy.

The main choices for initial therapy are Thal/Dex,
bortezomib-based regimens, and lenalidomide-dexa-
methasone (Rev/Dex) (Tables 2 and 3). These new
combinations act very rapidly and are associated with high
response rates; Thal/Dex and Rev/Dex have the added
advantage of being orally administered. The risk of deep vein
thrombosis (DVT) increases with Thal/Dex and Rev/Dex and
routine thromboprophylaxis is recommended.

Thalidomide-Dexamethasone (Thal/Dex)
The first clinical trial with thalidomide demonstrated a

response rate of 25% in heavily pre-treated patients with
relapsed refractory disease.9 Response rates in relapsed
myeloma patients increased to 50% with the addition of
corticosteroids; and to over 65% with a three-drug
combination of thalidomide, corticosteroids and alkylating
agents.

The use of Thal/Dex in newly diagnosed myeloma was
initially based on three phase II clinical trials.10-12 The Eastern
Cooperative Oncology Group (ECOG) recently compared
Thal/Dex to dexamethasone in 207 patients.8 The best
response within four cycles of therapy was significantly
higher with Thal/Dex compared to dexamethasone alone (63%
versus 41%, P=0.0017).  Stem cell harvest was successful in
90% of patients in each arm. DVT was more frequent with
Thal/Dex (17% versus 3%). Overall, grade 3 or higher non-
hematologic toxicities were seen in 67% of patients treated
with Thal/Dex and 43% in those treated with dexamethasone
alone (P <0.001). Early mortality (first 4 months) was 7% with

Thal/Dex and 11% with dexamethasone alone. Based on this
trial, the United States Food and Drug Administration (FDA)
granted accelerated approval for Thal/Dex for the treatment
of newly diagnosed myeloma.

Preliminary results are available from a second
randomized, double-blind, placebo-controlled study
comparing Thal/Dex versus dexamethasone alone as primary
therapy in 470 newly diagnosed MM patients.13 Among 470
pts enrolled, time to progression (TTP) was significantly su-
perior with Thal/Dex, P<0.001. As in the ECOG trial, DVT and
other grade 3-4 events were more frequent with Thal/Dex.

Patients receiving thalidomide in combination with high-
dose steroids or chemotherapy need routine thrombo-
prophylaxis with coumadin (target INR 2-3) or low-molecular
weight heparin (equivalent of enoxaparin 40 mg once daily).
Aspirin can be used instead in patients receiving only low
doses of dexamethasone (40 mg, 4 days a month or lower) or
prednisone in combination with thalidomide, provided no
concomitant erythropoietic agents are used.

Lenalidomide-dexamethasone (Rev/Dex)
Two large phase III trials have recently shown

significantly superior response rate (61% vs 22%, P<0.001)
and TTP (11.2 vs 4.7, P<0.001) with lenalidomide plus
dexamethasone (Rev/Dex) compared to placebo plus
dexamethasone in relapsed myeloma.14-16 Based on these
studies, Rev/Dex is currently approved by the FDA and
EMEA for the treatment of myeloma in patients who have
received one prior therapy.

A phase II trial conducted at the Mayo Clinic
demonstrated remarkably high activity with the Rev/Dex
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regimen in newly diagnosed myeloma. Ninety-one percent of
34 patients achieved an objective response, including 6% of
patients achieving complete response (CR), and 32% meeting
criteria for very good partial response (VGPR).17 With longer
follow-up, 56% of patients achieved at least a VGPR.18

Approximately 50% of patients experienced grade 3 or higher
non-hematologic toxicity.

ECOG tested Rev/Dex as administered in the Mayo
Phase II trial (and in the regulatory relapsed refractory
myeloma studies) versus Rev/low-dose Dex (40 mg
dexamethasone once weekly).19 Results so far show that
toxicity rates are significantly higher with Rev/high-dose Dex
compared to Rev/low-dose Dex. Early (first 4 month) mortality
rates were low in both arms, 5% and 0.5% respectively. The
early mortality rate in the Rev/low-dose dexamethasone arm
is probably the lowest reported in any large phase III newly
diagnosed trial in which enrollment was not restricted by age
or eligibility for stem cell transplantation, making this one of
the safest pre-transplant induction regimens for myeloma.
This ECOG study was recently closed by the data monitoring
committee because of significantly superior overall survival
in patients receiving Rev/low-dose dexamethasone compared
to Rev/high-dose dexamethasone. Based on these results,
Rev/low-dose Dex is currently the regimen of choice at Mayo
Clinic outside the setting of a clinical trial. As a result, doses
of dexamethasone in excess of 40 mg for 4 days each month
are not recommended in patients with newly diagnosed
myeloma, either as a single agent or in combination with other
agents.

The incidence of DVT is low with single-agent
lenalidomide or lenalidomide plus low-dose dexamethasone
and increased significantly when the agent is combined with
high-dose dexamethasone. Recommendations for thrombo-
prophylaxis are similar to those discussed above with Thal/
Dex; aspirin alone is probably sufficient for patients receiving
lenalidomide plus low-dose dexamethasone.

Bortezomib-based regimens
Bortezomib is a potent, reversible, and selective

inhibitor of the proteasome targeting intracellular survival
signaling pathways. Treatment with single agent bortezomib
in relapsed/refractory patients showed an overall response
rate of approximately 30% with an average response duration
of 12 months.20 Progression free survival (PFS) is superior
with bortezomib compared to dexamethasone alone in patients
with relapsed, refractory MM.21 Bortezomib is currently
approved by the FDA and EMEA for the treatment of MM
patients who have failed one prior therapy.

In newly diagnosed myeloma, bortezomib has shown
response rates of approximately 40% as a single-agent,22 and
significantly higher response rates (70%-90%) in combination
with dexamethasone (Vel/Dex),23,24 or thalidomide and
dexamethasone (VTD), or other chemotherapy combinations.
No adverse effect on stem cell mobilization has been noted.

The most common grade 2 or higher adverse events in one
study were sensory neuropathy (31%), constipation (28%),
myalgia (28%) and fatigue (25%).23 Harousseau and
colleagues recently reported preliminary results of a
randomized trial comparing VAD versus Vel/Dex as pre-
transplant induction therapy.25 With over 400 patients
enrolled, preliminary results show superior response rates
and long-term outcome with Vel/Dex compared to VAD.  No
increased risk of DVT was observed with bortezomib- based
regimen (<5%).

The main drawback of bortezomib-based therapy is the
need for intravenous therapy. However, bortezomib-based
regimens may be of value in patients with renal failure, and in
patients with high-risk myeloma.

Transplantation
In newly diagnosed myeloma patients younger than

65 years, high-dose melphalan followed by autologous stem
cell transplantation is considered the standard of care. An
increasing number of patients are opting for delayed
transplantation. There is also new interest in allografting.
In a recent trial, newly diagnosed multiple myeloma patients
received an ASCT followed by an allograft from an HLA-
identical sibling or a tandem ASCT. Patients with an HLA-
identical sibling were first treated with an ASCT and then
received  nonmyeloablative total-body irradiation and stem
cells from the sibling. Patients without an HLA-identical
sibling received two consecutive myeloablative doses of
melphalan, each of which was followed by autologous stem-
cell rescue. The median OS  and EFS  were longer in patients
with HLA-identical siblings than in those without HLA-
identical siblings (80 months vs. 54 months, P = 0.01; and 35
months vs. 29 months, P = 0.02, respectively). These data
suggest that survival in recipients of a hematopoietic stem-
cell autograft followed by a stem-cell allograft from an HLA-
identical sibling may be superior to that in recipients of
tandem stem-cell autografts.26 Further studies are needed
to confirm these findings in the context of improved initial
therapeutic approaches discussed below.

Maintenance therapy
The role of maintenance therapy remains controversial

in myeloma. After conventional or high-dose therapy,
maintenance with interferon-alpha provided marginal
benefits. In patients who responded to conventional
chemotherapy, maintenance therapy with 50 mg alternate-
day prednisone significantly improved PFS and OS in
comparison with 10 mg alternate-day prednisone.27

In a large French randomized study, patients younger
than 65 years were randomly assigned to receive no
maintenance, pamidronate, or pamidronate plus thalidomide.28

The 3-year post-randomization probability of EFS and the 4-
year OS were significantly prolonged in patients who received
thalidomide (P<0.009 and P<0.04, respectively). Grade 3-4
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neuropathy (7%), fatigue (6%) and constipation (1%) were
more prominent in the thalidomide group, while the incidence
of thromboembolic events was not significantly different in
the 3 arms. A recently randomized trial compared thalidomide-
prednisone versus prednisone alone as maintenance therapy
after ASCT: the 1-year progression-free survival was 91% vs
69%, and the 2-year overall survival was 90% vs 81%
respectively. Neurological side effects were more common
with thalidomide, but no differences were observed in the
incidence of thromboembolic events.29 Additional studies are
needed to determine the role of routine maintenance in
myeloma, especially the use of lenalidomide which has a
better safety profile than thalidomide for long-term
maintenance.

Treatment of myeloma in patients not eligible
for ASCT

Patients who are not transplant candidates are treated
with standard alkylating agent therapy. Since the 1960s
melphalan-based chemotherapy had played a central role in
the treatment of multiple myeloma. Oral, intermittent
association of melphalan and prednisone (MP) has been the
most widely used schedule for elderly patients. Over the
years, despite better response rates, no survival benefit has
been reported with any of the more aggressive combination
chemotherapy regimens compared to MP.

In a recent randomized trial the MP regimen was
compared with melphalan plus dexamethasone, high-dose
dexamethasone, or high-dose dexamethasone plus interferon-
alpha.30 Response rate was significant higher among patients
receiving melphalan-dexamethasone. Median PFS was 21 and
23 months after MP or melphalan plus dexamethasone, but
only 12 and 15 months after high-dose dexamethasone or
high-dose dexamethasone plus interferon-alpha, respectively.
However, no difference in overall survival was reported among
the 4 different groups. Melphalan should be incorporated in
the induction regimen for elderly patients who are not
candidates for autologous transplant.

Despite its proved efficacy, melphalan 200 mg/m2

followed by autologous transplant can be accepted only for
patients up to the age of 65, since in elderly patients the
treatment-related mortality is higher. Conditioning regimens
with intermediate dose melphalan have been performed, in
order to extend the transplant benefit to patients aged over
65 years. Intermediate-dose melphalan (100-140 mg/m2)
appears more suitable in this group patients. In one study,
patients were aged 65-70 years and melphalan 100 mg/m2 was
superior to MP.31 In another study, patients were aged 65-75
years and melphalan 100 mg/m2 was superior to MP in terms
of response rate, but not in terms of PFS and OS.32 In the first
study, 22% of patients did not complete the assigned
treatment; in the second trial, 37% of patients did not com-
plete it. According to these data, the age of 70 years may be

suggested as the age limit for intermediate-dose melphalan.
Recently 3 new induction regimen suitable for elderly

patients, have emerged: melphalan, prednisone, thalidomide
(MPT); melphalan, prednisone, lenalidomide (MPR), and
melphalan, prednisone, bortezomib (Table 2).

Melphalan, prednisone, thalidomide (MPT)
Two randomized studies show that MPT improves

response rate and EFS compared to MP;32,33 an overall survival
advantage has been reported in one of the two trials.32

 In the Italian randomized trial, oral MPT was compared
with MP in patients aged 60-85 years.33 The partial response
(PR) rates were 76% in MPT patients and 47.6% in MP
subjects, near-CR or CR rates were 27.9% and 7.2%,
respectively. The 2-year EFS was 54% for MPT and 27% for
MP (p=0.0006). The 3-year OS was 80% and 64%, respectively
(p=0.19). MPT was associated with a higher risk of grade 3-4
neurological adverse events (10% vs 1%), infections (10%
vs 2%, p=0.001), cardiac toxicity (7% vs 4%) and thrombo-
embolism (12% vs 2%) compared to MP regimen. Introduction
of enoxaparin prophylaxis significantly reduced the rate of
thromboembolism from 20% to 3% (p=0.005).

In the French phase III trial, MPT was compared with
MP and with intermediate-dose melphalan (100 mg/m2)
followed by autologous stem cell transplantation. A higher
PR rate was seen in the MPT and in the melphalan 100 mg/m2

arms, compared to MP (81% vs 73% vs 40%, respectively).32

Similarly, the CR rates were significantly higher with MPT
and intermediate-dose melphalan compared to MP.  PFS was
superior in the MPT patients compared with both MP
(p<0.001) and autologous transplantation (p=0.001).
Furthermore, OS was significantly improved in the MPT group
in comparison with both MP (p=0.001) and autologous
transplantation (p=0.004). MPT was associated with a higher
risk of grade 3-4 neutropenia, infections, thrombocytopenia,
thromboembolic complications, peripheral neuropathy,
constipation, and cardiac events. These data along with the
Italian study strongly support the use of MPT as standard of
care in elderly patients with newly diagnosed myeloma.

Antithrombotic prophylaxis is recommended when
using MPT. At present there is no evidence of the best
prophylaxis: low-molecular-weight heparin, therapeutic do-
ses of warfarin, or daily aspirin are the preferred options.34

Melphalan, prednisone, bortezomib (MPV)
The Spanish cooperative group conducted a large

phase I/II trial of bortezomib, melphalan, and prednisone
(MPV).35 Overall response rate was 89%, including 32%
immunofixation-negative CR with half of them achieved
immunophenotypic remission (no detectable plasma cells at
10-4 to 10-5 sensitivity). PFS at 16 months for patients treated
with VMP combination was significantly prolonged in
comparison with historical controls treated with MP only
(91% versus 66%); similarly OS at 16 months was improved
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(90% versus 62%). No impact of chromosome 13 deletion or
IgH translocations was observed on both response rate and
survivals. The most frequent grade 3-4 adverse events were
thrombocytopenia, neutropenia, peripheral neuropathy,
infections and diarrhea. The treatment appeared more toxic
in patients older then 75 years and during early cycles.
Bortezomib may induce transient thrombocytopenia and
peripheral neuropathy. Pre-existing neuropathy or previous
neurotoxic therapy increases the risk of peripheral neuropathy,
which can be reduced or resolved by timely dose-adjustment
of the drug. Bortezomib may enhance the incidence of
infections, in particular herpes zoster reactivation, and
prophylactic antiviral medications are highly recommended.
Preliminary data from a large international randomized study
comparing VMP with standard MP treatment, appeared to
confirm the results from phase I/II study.36

Melphalan, prednisone, lenalidomide (MPR)
In a phase I/II trial safety and efficacy of melphalan

plus prednisone in combination with lenalidomide (MPR) in
newly diagnosed elderly myeloma patients were studied.37

At the maximum tolerated dose (lenalidomide 10 mg plus
melphalan 0.18 mg/kg), 85% of patients achieved at least a
PR and 23.8% immunofixation negative CR. The 1-year EFS
and OS were 92% and 100%. The corresponding 1-year EFS
and OS were 78% and 87.4% in historical MPT treated
patients. Preliminary results showed that the EFS of patients
with deletion of chromosome 13 or chromosomal translocation
(4;14) was not significantly different from those who did not
have show such abnormalities. By contrast, patients with
high-levels of serum ß2-microglobulin experienced a shorter
EFS in comparison with those who showed low-levels of ß2-
microglobulin. Grade 3-4 adverse events were mainly related
to hematological toxicities (neutropenia 66%). Severe non-
hematological side effects were less frequent and were febrile
neutropenia (8%), cutaneous rash (10%) and thrombo-
embolism (6%). Rate of thrombotic complication was low with
daily low dose aspirin prophylaxis. The MPR schema is now
under evaluation in a larger international randomized phase
III trial in comparison with MP, the results of this ongoing
trial will probably define its role in the therapeutic algorithm
for elderly myeloma patients.

Treatment of high-risk myeloma

Patients with high-risk myeloma have a poor prognosis,
with median overall survival of approximately two years even
with tandem ASCT. Novel agents could have a role in
therapeutic strategies for this patients, for example Bortezomib
containing regimens can be considered early in the disease
course as primary therapy, with stem cell transplantation
reserved for relapse. In different separate studies, bortezomib
appears to overcome the adverse effect of deletion 13.38,39

 Allogeneic approaches may be an option in selected patients.

However, the recent IFM 99 trial in patients with deletion 13
and high β2-microglobulin levels has not shown significant
benefit with this strategy compared to tandem ASCT.40

In case patients are treated similar to standard-risk
patients, routine maintenance therapy should be considered
(eg., thalidomide plus prednisone) given the high risk of
relapse. Clearly, clinical trials and new agents specifically
designed for high-risk myeloma are needed.

Conclusion

High-dose melphalan followed by autologous stem cell
transplantation in the younger patients and oral melphalan-
prednisone-thalidomide in the elderly are the standard of care
for newly diagnosed multiple myeloma. Survival after
transplant appears to be related to the achievement of CR or
VGPR. Improved response rate after induction treatment, pri-
or to transplant, could translate into a better results after
high-dose therapy and into a prolonged survival. In younger
patients, combinations incorporating thalidomide or
lenalidomide or bortezomib significantly increases the pre-
transplant CR rate before high-dose melphalan and
autologous transplantation. These combinations may further
improve the CR rate achieved after transplant.

Cytogenetic abnormalities, such as deletion of
chromosome 13 or chromosomal translocation (4;14) are
considered negative prognostic factors. In the MPV patients,
as well as in a smaller cohort of MPR patients, the event-free
survival of patients with deletion of chromosome 13 or
chromosomal translocation (4;14) was not significantly
different from those who did not show such abnormalities. If
these data will be confirmed, it seems likely that a
cytogenetically adapted strategy will represent the most
rational, molecularly targeted approach to myeloma therapy.
Prospective randomized studies incorporating new agents
and stratifying patients based on cytogenetic abnormalities,
are needed.

Resumo

O avanço do conhecimento da patogênese do mieloma múltiplo e do
mecanismo de resistência a drogas propiciou o desenvolvimento de
novas terapias alvo que vençam a resistência e apresentem efeitos
sinérgicos e aditivos aos velhos agentes quimioterápicos. A talido-
mida, e o seu derivado imonumodulador, lenalidomida, e o inibidor
da proteasoma bortezomib, em combinação com o melfalano no
idoso e intravenoso no jovem, estão mudando os paradigmas tra-
dicionais de tratamento do mieloma múltiplo. Altas doses de
melfalano seguidas do transplante de células-tronco autólogo no
paciente jovem e o tratamento oral de melfalano-predimisona-
talidomida no idoso são agora tratamentos padrões para os porta-
dores de mieloma múltiplo recém-diagnosticados. Nos pacientes
jovens, as incorporações de combinações de talidomida ou lena-
midomida ou bortezomib aumentam significativamente as taxas de

 Palumbo A et al                                                                                                               Rev. bras. hematol. hemoter. 2008;30(Supl. 2):10-17



16

respostas pré-transplante autólogo. Estas medidas melhoram as
taxas de respostas e de sobrevida observadas após o transplante.
Estudos prospectivos randomizados incorporam novos agentes para
o tratamento de pacientes estratificados em anormalidades
citogenéticas e são necessários para os pacientes com auto risco.
Rev. bras. hematol. hemoter. 2008;30(Supl. 2):10-17.

Palavras-chave: Mieloma; lenamidomida; talidomida; bortezomibe;
terapia.
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