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Treatment of multiple myeloma, a B-cell
cancer, is usually palliative, however, as a
result of intensive clinical research there
are numerous new treatment options
available today. The present review
summarizes non-transplant treatment
options for multiple myeloma on the
basis of available publications. Treatment
with new substances, such as
immunomodulatory agents, farnesyl
transferase inhibitors and apoptosis
stimulators, and their mechanisms of

action are discussed. In addition to this
systematic review of the available
evidence on multiple myeloma therapy we
have also summarized current
recommendations from national and
international organizations on aspects of
the treatment of multiple myeloma. This
should enable readers to see different
points of view at a glance and, hopefully,
will provide a basis for translation of the
available evidence into the best possible
therapy.

Multiple myeloma
Multiple myeloma is a cancer of the plasma
cells that produces abnormal antibodies
called paraproteins (also known as M
proteins) and various blood and urine tests
are available for the quantitative
measurement of paraproteins.
Multiple myeloma grows on the interior

or exterior of bones; healthy bone marrow
contains < 5% of plasma cells. Osteolytic
lesions may lead to fractures of the long
bones or compression fractures in the spine
and bone pain is often a symptom of
multiple myeloma. Furthermore, when
myeloma cell growth occurs inside marrow-
producing bones, healthy cells (e.g. red blood
cells, white blood cells, platelets) are

‘crowded out’ by the cancer cells, causing
immune system impairment, with an
increased susceptibility to infections, as well
as tiredness and weakness. Myeloma cells
also produce growth factors in their
microenvironment which promote either
their own growth or angiogenesis, the
creation of new blood vessels.

CLINICAL SYMPTOMS
A mnemonic sometimes used to remember
common myeloma-related organ or tissue
impairment (end-organ damage) is CRAB
(C, calcium [elevated]; R, renal failure; A,
anaemia; B, bone lesions). Patients with
monoclonal plasma cell proliferation in
their bone marrow without end-organ
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damage can be considered asymptomatic.
They do not require therapy but must be
regularly monitored since they have a life-
long risk of progressing to multiple myeloma
or developing related malignancies.
Monoclonal gammopathy of undetermined
significance (MGUS) is a premalignant
condition that may progress to multiple
myeloma.
In clinical practice, the Durie–Salmon

staging system1 (Table 1)was replaced by the
International Staging System (ISS) (Table

2).2,3 The ISS system, however, is based on
only two factors, serum β2-microglobulin
and serum albumin, and is independent of
age, type of therapy and geographical
region. Analysis of prognostic factors is
essential to compare outcomes within and
between clinical trials. For individual
patients the best staging system can predict
survival outcome with around 70%
sensitivity and specificity.3 Whether staging
systems can beneficially influence choice of
therapy is unproven.4

TABLE 1:
The Durie–Salmon staging system for multiple myeloma1

Stage I Stage II Stage III

Criteria All of the following: Fitting neither One or more of the following:
• Haemoglobin > 10 g/dl Stage I nor Stage • Haemoglobin < 8.5 g/dl
• Bone X-ray, normal bone III • Serum calcium > 12 mg/dl
structure (scale O), or • Advanced lytic bone lesions
solitary bone (scale 3)
plasmacytoma only • High M-component

• Low M-component production rates
production rates • IgG > 7.0 g/dl

• IgG < 5.0 g/dl • IgA > 5.0 g/dl
• IgA < 3.0 g/dl • Urine light chain
• Urine light-chain M-component in
M-component in electrophoresis > 12 g/24 h
electrophoresis < 4 g/24 h

Cancer cell < 0.6 x 1012 cells/m2 of > 0.6 x 1012 cells/ > 1.2 x 1012 cells/m2 of
mass body surface m2 of body surface body surface

Renal function Serum creatinine < 2 mg/dl: Stage A Serum creatinine > 2 mg/dl: Stage B

IgA, immunoglobulin A; IgG, immunoglobulin G.

TABLE 2:
The International Staging System (ISS) for multiple myeloma2,3

Stage I Stage II Stage III

Criteria β2-Microglobulin < 3.5 g/l β2-Microglobulin < 3.5 g/l β2-Microglobulin > 5.5 g/l
Albumin > 3.5 g/dl Albumin < 3.5 g/dl or

β2-microglobulin 3.5 –
5.5 g/l

Median survival 62 months 45 months 29 months
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EPIDEMIOLOGY AND RISK FACTORS
With an estimated 86 000 new multiple
myeloma cases per year worldwide,5

multiple myeloma is the second most
prevalent blood cancer after non-Hodgkin’s
lymphoma, making up 1% of all cancers.5 It
accounts for 62 546 deaths per year,6 which
is approximately 2% of all cancer deaths. In
the USA, multiple myeloma is more common
amongst the Afro-American population
than in the white population, and occurs
more often in men than in women (with a
ratio of 3:2). This distribution probably only
reflects the fact that lower socioeconomic
status is associated with a higher risk7 and
that men are more likely to work in low-
income industrial sectors associated with
more risk factors. Recently, associations
between obesity and multiple myeloma have
been established.8 Finally, the risk of
developing multiple myeloma increases with
age.9 Multiple myeloma cannot be cured;
mean survival is 3 years with fewer than
10% of patients living longer than 10
years.10,11

Therapy management
Treatment strategy for multiple myeloma is
determined mainly by the stage of the
disease, defined according to the ISS,2,3 and
by the patient’s age. Asymptomatic patients
with multiple myeloma do not benefit from
early initiation of treatment12,13 and drug
therapy is, therefore, not indicated in this
group. Patients with disease stage II and III
should always start treatment.

CONVENTIONAL THERAPY OPTIONS
Until very recently, the standard therapy for
multiple myeloma involved glucocorticoids
in combination with alkylating agents
and/or anthracyclines. Melphalan/prednisone
has been used as a first-line treatment for 30
years, however melphalan, like other

alkylating drugs, is associated with an
increased risk of marrow toxicity, including
myelodysplasia, acute leukaemia and
impaired stem cell production, and long-
term melphalan/prednisone treatment
increases the risk of drug-induced acute
myeloid leukaemia.14 This is an important
consideration in patients who are candidates
for high-dose therapy with stem cell rescue
(autologous transplants). Variations of the
melphalan/prednisone regimen (e.g.
vincristine, carmustine, melphalan, cyclo-
phosphamide, prednisone) have not proven
to be superior.15 Conventional therapy
achieves up to 5% complete remissions.16

For salvage therapy, relapsed or primary
refractory disease, a vincristine, doxorubicin
and dexamethasone (VAD) regimen is used.
This, or similar, combination therapies
achieve remission in 50 – 75% of patients.17 – 19

These regimens also show greater toxicity.
The most active agent in the combination is
dexamethasone, however a recent prospective,
randomized trial, compared the efficacy and
safety of several dexamethasone-based
regimens (dexamethasone plus melphalan;
dexamethasone plus interferon α-2b; or
dexamethasone alone) with melphalan/
prednisone in 500 patients aged > 65 years.20

After 3 years, this trial was stopped because
of the poor rate and length of progression
free survival among patients receiving
dexamethasone withoutmelphalan, although
there was no significant disadvantage with
respect to overall survival.

BONE DISEASE MANAGEMENT:
BISPHOSPHONATES
Appropriate supportive treatment to prevent
and treat disease-related complications,
particularly of the osteolytic lesions, and the
resulting hypercalcaemia and their
consequences, such as bone pain and
fractures, is a particularly important part of
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the management of multiple myeloma.
Bisphosphonates are potent osteoclast
inhibitors and, therefore, suppress both
natural and pathological bone
resorption.21,22 Bisphosphonates are
pyrophosphate analogues in which the
oxygen bridge has been replaced by a
carbon with various side chains (P–C–P).23

Clodronate and etidronate are non-
aminobisphosphonates because they do not
contain nitrogen in a side chain, in contrast
to alendronate, risedronate, pamidronate,
zoledronic acid and ibandronate which are
called aminobisphosphonates.
As bisphosphonates have an inhibitory

effect on bone resorption these clinical studies
were able to show a reduction in pathological
bone fractures in multiple myeloma and in
breast cancer.24 – 26 The latest Cochrane
Collaboration Systematic Review by
Djulbegovic et al.27 on the role of
bisphosphonates in multiple myeloma
supports the standard use of bisphosphonates
in multiple myeloma. In clinical practice,
patients with multiple myeloma are usually
treated with bisphosphonates throughout
their cancer therapy.
In general, serious side-effects due to

bisphosphonate treatment are rare. The
most frequent side effects are gastro-
intestinal.27 Osteonecrosis of the jaw (ONJ)
has been reported28 – 31 and Woo et al.32

recently showed that 94% of published ONJ
cases were in patients with multiple
myeloma and metastatic carcinoma who
were receiving intravenous, nitrogen-
containing bisphosphonates; accordingly,
these patients are at the greatest risk forONJ.
Other recent studies have aimed to identify
the frequency of ONJ (7.4% and 11%).33,34 A
retrospective review established the
following risk factors for developing ONJ:
dental extraction; treatment with
pamidronate/zoledronate; long follow-up

time; and older age at diagnosis of multiple
myeloma.35 Further investigations,
particularly randomized studies, are
undoubtedly needed in order to be able to
offer patients the best possible and safest
treatments.

Novel agents
The key challenge facing developers of
multiple myeloma therapies is how to
improve cure rates. The best active induction
therapies may kill most myeloma cells,
although some cells will have resistant
mutations that allow them to survive and
propagate, which is why patients relapse.
Identifying the cells that survive induction
chemotherapy and finding more effective
means of killing a greater proportion of
myeloma cells are important goals. Myeloma
cells must interact with the microenvironment
of the bone marrow to survive and proliferate.
Interfering with the components of this
interaction is a target of new therapies.
Several ‘new’ tumour targeting agents appear
to be effective in combination with
conventional agents and clinical trials should
confirm the expectation of the limited toxicity
of this ‘targeted’ therapy.

BORTEZOMIB
Bortezomib is a low molecular weight
protease inhibitor that acts via several
pathways, including those that influence
apoptosis and angiogenesis. Proteases are
enzymatic complexes that are responsible for
protein breakdown and that also play a role
in cell division. One example of such an
enzymatic complex is nuclear factor-κB (NF-
κB), which is inhibited by bortezomib.
The latest studies have shown that

bortezomib can produce a response in about
30% of patients with relapsed disease, while
additional administration of dexa-
methasone can produce remission in
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patients who do not respond to bortezomib
as a single agent.36

The recent approval of bortezomib in the
USA for second-line treatment in patients
with multiple myeloma was based on data
from the randomized phase III APEX study.
Patients with relapsed multiple myeloma
were included in this international
multicentre trial and randomized to receive
bortezomib or dexamethasone. Interim
results were presented at the 2004 meeting of
the American Society of Hematology
(ASH).37 APEX was terminated early because
of favourable results for bortezomib therapy
and updated results of the APEX trial after
extended follow-up were presented at the
ASH meeting in 2005.38

Richardson et al.38 reported a further
analysis of this phase III trial of 669 patients.
Median duration of therapy for responders
(complete or partial response) was 7.2
months. Improved response with longer
therapy (after cycle 6) was observed in 76
patients (56% of responders) in the
bortezomib arm (20 patients improved from
minor or partial response to complete
response, and 56 patients from minor
response to partial response). Furthermore,
28 of 135 responders (21%) achieved first
response (complete or partial response) after
cycle 4, including 18 patients (13%) on or
after cycle 6, and 10 patients (7%) on or after
cycle 8. Overall survival increased
substantially with increased follow-up time.
These results support the findings of the
original analysis,37 which demonstrated a
superior response rate, time to progression
and survival for bortezomib over
dexamethasone alone.

THALIDOMIDE
Thalidomide has been shown to have
pleiotropic effects including antiangiogenic,
immunomodulatory, neurological and anti-

inflammatory effects.39,40 With regard to its
antiangiogenic effects, it has been proposed
that it downregulates tumour necrosis factor-
α (TNF-α), basic fibroblast growth factor and
vascular endothelial growth factor (VEGF),
and corresponding activity has been found in
vivo in the chick chorioallantoic membrane
assay.41

Thalidomide was first shown to be
effective as a single agent in patients with
relapsed and refractory multiple myeloma.42

Numerous subsequent studies have
confirmed its efficacy, with a response rate of
around 30% when used alone43,44 and
around 60% when used in combination with
dexamethasone.45 A review by Glasmacher
et al.46 identified 42 uncontrolled phase II
trials of thalidomide as monotherapy in
relapsed/refractory patients. Complete or
partial response was 29.4% and the median
overall survival from all trials was reported
to be 14 months.
Ludwig at al.47 reported a phase II/III

study of a thalidomide/dexamethasone
combination versus the standard
melphalan/prednisone for first-line
treatment in 350 patients. A per protocol
analysis in 125 patients evaluable for
response revealed an overall response rate of
89% in the thalidomide/dexamethasone
group and 66% in the melphalan/
prednisone group.48,49 Addition of
thalidomide to standard melphalan/
prednisone in a study conducted by French
investigators showed significantly superior
outcomes in terms of overall survival and
time to progression in the melphalan/
prednisone/thalidomide group compared
with either the melphalan/prednisone or
autologous stem cell transplantation (auto-
SCT) groups.50 A prospective trial of
melphalan / prednisone / thal idomide
treatment conducted by the Italian Multiple
Myeloma Network also showed promising
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results.51 The 2-year event-free survival rate
in the melphalan/prednisone/thalidomide
group with 129 evaluated patients was 54%
versus 27% in the melphalan/prednisone
group with 126 evaluated patients.
Thalidomide-based therapies have

revolutionized the treatment of multiple
myeloma in recent years, but the toxicity
associated with thalidomide, notably its
well-known teratogenic effects and the risk of
venous thromboembolism, remains
problematic and the drug should, therefore,
be administered with specific precautions,52

including strict contraceptive precautions, in
both sexes.

THALIDOMIDE-DERIVED
IMMUNOMODULATORY DRUGS
The shortcomings of thalidomide have
prompted the development of more potent
thalidomide analogues with improved safety
profiles and some potent thalidomide-
derived immunomodulatory drugs (IMiD®s)
are available. Like thalidomide, IMiD®s
stimulate the proliferation of activated T
cells, increase levels of interferon-γ and
interleukin-2, and promote natural killer
cell-mediated killing of myeloma cells.53

IMiD®s may also directly inhibit mitogen-
activated protein kinase signalling, which
may account for the downregulation of
interleukin-6 seen with IMiD® treatment of
cells in vitro.54

Lenalidomide
The thalidomide derivative, lenalidomide, is
a lead compound of the second generation of
IMiD®s. This new group of thalidomide
analogues are immunomodulatory drugs
initially developed as more potent inhibitors
of TNF-α.55,56 and lenalidomide is 2000 times
more potent than thalidomide at inhibiting
TNF-α.57 The immunomodulatory effects of
lenalidomide include: growth arrest or

apoptosis of drug-resistant myeloma cell
lines; abrogation of myeloma cell adhesion
to bone marrow stromal cells; and
modulation of cytokines that promote the
growth, survival and drug resistance of
myeloma cells.58 – 60 Lenalidomide is non-
teratogenic in rabbits and has a different
clinical toxicity profile to that of
thalidomide.61

Lenalidomide has been evaluated in a
large phase III clinical trial and in several
phase II studies. In a multicentre, phase II,
open-label trial of 222 patients with relapsed
or refractory multiple myeloma conducted
by Richardson et al.62 lenalidomide
monotherapy achieved complete or partial
response in 25% of patients, stable disease or
better in 71%, and a median time to
progression of approximately 6 months. The
study data also suggest a manageable toxicity
of lenalidomide with a very low incidence of
deep venous thromboembolism (DVT) and
minimal treatment-emergent neuropathy.
Another phase II study by Rajkumar et al.,63

in 34 patients not previously treated,
examined the results of a combination of
lenalidomide and high-dose dexamethasone.
The objective remission rate was 91%. No
cases of deep-vein thrombosis were seen.
In two phase III studies involving a

combined total of 705 patients with
symptomatic refractory myeloma, the
combination of lenalidomide and high-dose
dexamethasone (Len–Dex) was compared
with high-dose dexamethasone plus placebo
(Dex–placebo).64,65 The overall response rate
in the USA trial by Weber et al.64 was greater
with Len–Dex than with Dex–placebo
(59.4% versus 21.1%). Complete response
was achieved in 12.9% of patients treated
with Len–Dex and in 0.6% of patients
treated with Dex–placebo. The overall
response rate in the international trial by
Dimopoulous et al.65 was greater in patients
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who received Len–Dex than in patients who
were given Dex–placebo (58% versus 22%).
In a phase II study by Richardson et al.,66

lenalidomide was used in 102 patients for
second-line therapy. Patients were
randomized to receive 15 mg twice daily or
30 mg once daily. After two cycles of
monotherapy, patients with progressive or
stable disease received lenalidomide plus
dexamethasone. After lenalidomide
monotherapy, 12% of the patients in the
once-daily group and no patient in the twice-
daily group had complete remission. Partial
remissions rates were 6% and 14%. After
combination of lenalidomide plus
dexamethasone, 2% of patients in the once-
daily group and no patient in the twice-daily
group achieved complete response. Partial
remission rates were 20% and 22%,
respectively. After dexamethasone addition,
one case of deep-vein thrombosis was
reported in the once-daily group and two
cases in the twice-daily group.
In June 2006, the USA’s Food and Drug

Administration (FDA) granted approval for
lenalidomide in combination with
dexamethasone for multiple myeloma
patients with at least one prior therapy.

FARNESYL TRANSFERASE
INHIBITORS
Farnesyl transferase inhibitors are a promising
new group of drugs aimed at selective ras
(proto)oncogene inhibition. Ras proteins are
small guanosine-5′-triphosphate (GTP)-
binding proteins that are involved in the
regulation of various cellular processes, such
as cell growth, differentiation and intracellular
signal transduction.67,68 Ras mutations lead to
uncontrolled Ras activation, which in turn
plays an important role in carcinogenesis.
They occur in up to 39% of newly diagnosed
multiple myeloma patients.69 In the
underlying Ras modifications the phenylation

reactions by farnesyl transferase play a
particularly important role.70 Their blockade
by farnesyl transferase inhibitors is a
potentially important therapeutic approach
that is currently being investigated in a
number of ongoing studies.

Tipifarnib
Tipifarnib is the farnesyl transferase
inhibitor at the most advanced stage of
clinical development. It is an oral non-
peptidomimetic farnesyl transferase
inhibitor71 developed to inhibit a variety of
farnesylated targets potentially relevant to
the therapy of various malignancies. The
agent has, thus far, been tested in a wide
array of both solid tumours and myeloid
malignancies.72

Despite its modest single-agent activity in
multiple myeloma,73 tipifarnib in
combination with other agents should be
useful for treating multiple myeloma. In a
preclinical study, Kaufman et al.74

investigated the mechanism of action of
tipifarnib in combination with bortezomib.
The investigators presented their hypothesis
that the combination of bortezomib and
tipifarnib results in synergistic cell death by
overcoming the antiapoptotic effects of an
antiapoptotic protein, Akt; Akt
overexpression has been associated with
resistance to bortezomib induced apoptosis.
Their results showed, however, that this
combination is effective and synergistic in
human myeloma cell lines and patient
myeloma cells. In addition, good apoptosis
rates were found, suggesting a potential
future role of tipifarnib as an adjunctive
therapy.

APOPTOSIS-STIMULATING AND
CYTOTOXIC DRUGS
Apoptosis, or programmed cell death, is a
common property of all multicellular
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organisms and occurs in a variety of
physiological situations.75,76 An apoptotic
stimulus induces an initiation and
commitment phase followed by a
degradation phase. The final pathway that
leads to execution of the death signal
involves the activation of a series of
proteases, termed caspases.77 – 79 Activation
of the effector caspase cascade differs
between the type I ‘extrinsic’ (death receptor-
mediated) and the type II ‘intrinsic’
(mitochondria-mediated) pathways.80 The
‘extrinsic’ pathway generates an apoptotic
signal following the aggregation of death
ligands that involves caspase-8 and caspase-
10, and the ‘intrinsic’ pathway generates
signals through mitochondria that involve
caspase-9.81 In some cases, type I activation
may also proceed down the mitochondrial
pathway.82 Selective activation of caspases in
cancer cells, leading to induction of their
apoptosis, would be an attractive approach
in the treatment of multiple myeloma.
Cytotoxic drugs may prevent DNA

replication essential for cell division, or
disrupt cell metabolism at any site. They act
predominantly on rapidly dividing cells.
Cytotoxic anticancer drugs are collectively
the largest and most established
chemotherapy group, however, in an effort
to improve patients’ tolerance of the
conventional chemotherapy regimens for
treating multiple myeloma, modified
formulations may be of benefit. The most
notable example is liposomal doxorubicin.

Arsenic trioxide
The mechanism of action of arsenic trioxide
has not been fully elucidated, but it has been
shown to inhibit growth and induce
apoptosis in myeloma cell lines. Arsenic
trioxide activates important caspases in both
the ‘extrinsic’ and ‘intrinsic’ apoptotic
pathways.83 Myeloma cells thrive on

interleukin-6 and VEGF secreted in the bone
marrow microenvironment. Arsenic trioxide
appears to reduce the production of
interleukin-6 and VEGF in the bone marrow
microenvironment, an action that partially
explains the agent’s growth-inhibitory
effects.69

The efficacy of arsenic trioxide has been
tested in a phase II study in 14 patients.84 In
two patients there was a > 50% M-protein
reduction and in one patient the reduction
was > 25% with an objective remission of
21%. Eight patients did not respond and
three patients had progressive disease.
Another multicentre phase II study
evaluated a higher dose of single-agent
arsenic trioxide.85 Eight (33%) of the 24
heavily pretreated patients who were
assessable experienced an objective
response, six patients had stable disease and
five patients had progressive disease.
Trials are underway to investigate the use

of arsenic trioxide with or without ascorbic
acid and in various combinations with other
agents, such as dexamethasone and
melphalan, which are known to be effective
in myeloma.86 A phase I and II clinical trial
sponsored by the American National Cancer
Institute determined the safety and efficacy
of arsenic trioxide in combination with
ascorbic acid in patients with relapsed or
refractory multiple myeloma.87 This
combination did not show significantly
different results compared with the reported
efficacy and safety of arsenic trioxide alone.
Cardiac arrhythmia and sudden death,
which were reported in two previous small
studies of arsenic trioxide alone in patients
with acute promyelocytic leukaemia88,89

were not observed.
Berenson et al.90 investigated the efficacy

and safety of a combination of melphalan,
arsenic trioxide and vitamin C (MAC) in
patients with relapsed/refractory multiple
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myeloma. In their multicentre phase II study
this combination was given to 65 patients
and 31 (48%) patients had an objective
response (two complete response, 15 partial
response, 14 minor response). Median
progression-free survival and overall
survival were 7 and 19 months, respectively.
Specific grade 3/4 haematological (3%) or
cardiac adverse events were infrequently
reported, as well as frequent grade 3/4 non-
haematological adverse events such as
fever/chills (15%), pain (8%) and fatigue
(6%). The authors concluded that the MAC
regimen is effective in multiple myeloma
patients who have either relapsed or are
refractory to standard and/or investigational
multiple myeloma treatments.

Liposomal doxorubicin
Doxorubicin is an anthracycline and they
interact with several different cellular
targets, most importantly topoisomerase II.
It is by inhibiting this DNA religation
enzyme that anthracyclines exert their
cytotoxic effect. Another mechanism leading
to cell death, known as DNA intercalation,
involves insertion of the anthracycline
molecule between base pairs. This
phenomenon causes single- and double-
stranded breaks in DNA that inhibit cell
proliferation. The free radicals generated by
the reductive metabolism of anthracyclines
may also damage cellular structures.
Conventional doxorubicin is a key

component of the VAD regimen and
liposomal doxorubicin is a component of the
reduced-dose dexamethasone, vincristine
and liposomal doxorubicin (dVD) regimen.
Liposomal doxorubicin consists of
doxorubicin incorporated into polyethylene
glycol-coated liposomes. The liposomes
significantly increase the length of time that
doxorubicin can circulate in the body
compared with the conventional

doxorubicin formulation. Liposomal
doxorubicin is associated with less
myelotoxicity, cardiotoxicity and
nephrotoxicity compared with conventional
doxorubicin in the treatment of acquired
immune deficiency syndrome (AIDS)-related
Kaposi’s sarcoma and metastatic breast
cancer. Preferential accumulation of
liposomes at tumour sites enables
administration of lower doses of the active
agent.91

Data from randomized trials comparing
dVD and VAD in newly diagnosed multiple
myeloma patients showed that the two
regimens produced comparable response
rates (44% versus 41%92 and 61.4% versus
61.3%93). Patients treated with dVD
experienced significantly less grade 4
neutropenia, injection-site reactions and
alopecia, but significantly more
erythrodysesthesia (also known as hand-foot
syndrome) which is known to be associated
with liposomal doxorubicin.

Cisplatin
The platinum complex, cisplatin, triggers
antitumour effects based on its ability to
bind covalently to the nucleobases of DNA
leading to the formation of DNA intrastrand
crosslinks. Cisplatin is not used as a single
agent for the treatment of multiple
myeloma,94 – 96 however, as is obvious from
the following examples, it plays an
important role in multiple-drug
combination regimens against this disease.
The combination of dexamethasone,
cyclophosphamide, etoposide and cisplatin
(DCEP) has proved to be an effective salvage
therapy for refractory/relapsed multiple
myeloma patients and is also well tolerated
and effective for peripheral blood stem cell
mobilization.97 – 99 It can be used in
consolidation therapy after auto-SCT.100,101

Other effective cisplatin-containing
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multiple-drug combination regimens for
previously treated multiple myeloma
patients are ESHAP (etoposide,
methylprednisolone, cytarabine and
cisplatin) and DTPACE (dexamethasone,
thalidomide, cisplatin, doxorubicin,
cyclophosphamide and etoposide).102,103

Furthermore, the combination of cisplatin
with the nucleoside analogue, gemcitabine,
was active in patients not responding to
gemcitabine alone104 and in vitro
experiments showed that U266 multiple
myeloma cells could be sensitized to
cisplatin-induced apoptosis by the STAT3

pathway inhibitors, piceatannol and
tyrphostin.105

Summary of treatment
recommendations
National and international organizations
have published guidelines for the treatment
of multiple myeloma and a number of issues
relating to current recommendations are
summarized in Table 3.106 – 111
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