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ABSTRACT
The management of multiple myeloma has undergone a major
change during the past decade. Currently, patients <65 years of
age with advanced disease (stage II�III) are best treated with
initial chemotherapy (3�4 cycles of vincristine, adriamycin and
dexamethasone, or vincristine, adriamycin and methyl predniso-
lone, or thalidomide and dexamethasone followed by high dose
chemotherapy with autologous peripheral blood stem cell trans-
plantation. More than 50% of patients achieve complete
response following this approach. The results of a number of non-
randomized and randomized studies indicate that treatment with
high dose chemotherapy followed by autologous peripheral
blood stem cell transplantation is associated with improved
overall and event-free survival compared with conventional
chemotherapy. The absence of chromosome 13 abnormalities,
serum albumin levels >3.5 g/dl and low serum β-2 microglobulin
are associated with a better outcome. Almost all patients with
significant bone disease or osteoporosis are candidates for
therapy with bisphosphonates. About one-third of patients with
relapsed or refractory myeloma benefit from therapy with
thalidomide or bortezomib (a proteosome inhibitor).

Recent work in the immunotherapy of myeloma suggests that
some novel immune-based approaches might be useful in the
management. The application of cytogenetics and molecular
genetics, especially gene expression profiling, are likely to be
areas of active research in future studies.
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INTRODUCTION
Multiple myeloma is a neoplastic disease of the plasma cells.
These accumulate in the bone marrow and produce a monoclonal
protein (immunoglobulin), usually IgG or IgA, often referred to as
M or myeloma protein.

Multiple myeloma comprises 10% of all haematological malig-
nancies and 1% of all neoplastic disorders. Its incidence in North
America is 4.8 per 100 000 population for men and 3.3 per
100 000 for women.1 Its exact incidence in India is not known.
Based on data available from 6 population-based cancer registries
(covering <0.3% of the population), its incidence varies from 0.3

to 1.9 per 100 000 for men and 0.4 to 1.3 per 100 000 for women.
Delhi has the highest incidence.2

CLINICAL FEATURES
In India the median age of patients presenting with myeloma is 55
years2—a decade less than that in the USA. The incidence of
myeloma increases with age and the men-to-women ratio is 1.5:1.
Bone pains (usually backache), anaemia, renal failure, soft tissue
masses, neurological symptoms and recurrent bacterial infections
are the predominant clinical features. General malaise and non-
specific complaints are often present. At the time of diagnosis
about one-third of patients have renal failure and/or hypercalcae-
mia. The less common clinical manifestations include radiculopathy
(due to nerve compression) or peripheral neuropathy, disorders of
metabolism (hypercalcaemia, hyperuricaemia) or amyloidosis,
cryoglobulinaemia and the hyperviscosity syndrome.3 Less than
20% of patients may have a smouldering myeloma—a mono-
clonal gammopathy with atypical plasma cells in the bone mar-
row, but without anaemia, bone lesions or renal failure.

A retrospective analysis of 534 patients seen by us over 10
years (1988–97)3 shows that compared with the West (Table I), in
Indian patients myeloma occurs at a younger age (median: 55 v.

TABLE I. Clinical and laboratory features of multiple myeloma in
some published series

Parameter India America
New Delhi3 Mumbai4 South5 North6

2001 1978 2005 2003
n=534 n=231 n=751 n=1027

Mean age (years) 55.4 51 60.5 66
<40 years 11.7 13 NA 2

Men 69 69.7 49 61
Bone pains 84 81 – 68
Hepatomegaly 9.4 0 – 21
Splenomegaly 2.4 0 – 5
Lymphadenopathy 1.8 0 – 4
Neurological 11.4 8 – –

manifestations
Anaemia 62.4 59 57 73
Serum creatinine 31.3 22 22 19

≥2 mg/dl
Skeletal 93.7 – 81 79

abnormalities
Hypercalcaemia 10.3 28 25 13*
IgG/IgA/LC 67.6/18.5/12.8 NA 60/22/11 LC 20
Stage I/II/III 6.4/12/81.7 NA 8/12/80 Not given

All values are percentages except where specified * ≥11 g/dl LC light chain
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66 years), with more patients ≤40 years of age (11.7% v. 2%), a
higher proportion have skeletal abnormalities (93.7% v. 79%) and
the serum creatinine level is higher (31.3% v. 19%).4–6

DIAGNOSIS
Bone marrow examination, serum and urine electrophoresis, and
skeletal survey are essential components of the initial work-up for
myeloma (Table II).

Radiologically, typical myeloma lesions are multiple, osteolytic
and have sharp punched-out margins. These lesions are well seen
in X-rays of the skull, ribs and pelvic bones. In the vertebrae, there
may be partial or complete compression and the pedicles are often
spared. Vertebral destruction may be associated with a paraspinal
soft tissue mass. Spinal cord compression may occur secondary to
extradural involvement or vertebral collapse. Pathological frac-
tures of the humerus or neck of the femur may be seen. Extramed-
ullary myeloma generally occurs in the upper respiratory tract,
usually in the paranasal sinuses or pharynx. Osteoporosis is a
frequent finding in myeloma; it is multifactorial in aetiology and
includes diffuse marrow involvement. It may occur with or with-
out bone lesions.3,6 Recent studies suggest that magnetic reso-
nance imaging (MRI) can detect involvement of the vertebral
marrow in 50% of patients with indolent myeloma (defined as
asymptomatic myeloma with <4 osteolytic lesions and normal
renal functions).7 One-third of patients considered to have a
solitary plasmacytoma have bone marrow abnormalities consis-
tent with multiple myeloma. Table III lists the major and minor
criteria for the diagnosis of myeloma.8,9

Recently, the International Myeloma Working Group has
proposed criteria for the diagnosis of myeloma. These include the
presence of M protein in the serum and/or urine, presence of at
least 10% of plasma cells in the bone marrow or biopsy of a tissue
with monoclonal plasma cells, and evidence of end-organ damage
(hypercalcaemia, renal insufficiency, anaemia or bone lesions).8
Conditions such as monoclonal gammopathy of unknown signifi-
cance (MGUS), solitary plasmacytoma and smouldering my-
eloma need to be differentiated from symptomatic multiple my-
eloma (Table IV).8 Primary amyloidosis without myeloma has
features similar to MGUS with evidence of amyloidosis on biopsy.

STAGING
The Durie and Salmon clinical staging system10 is widely used
(Table V). Each stage is further subdivided into A or B depending
upon the serum creatinine levels. Due to limitations in this staging
such as difficulty in categorizing lytic bone lesions, failure to
identify an intermediate risk subgroup and inclusion of patients
with different survival rates within the same stage, an Interna-

TABLE II. Investigations required for the work-up of patients with
myeloma

• Haemoglobin; white cell, platelet and reticulocyte counts, peripheral smear
• Urine: complete examination
• Liver and renal functions, sodium, potassium, calcium, phosphates,

serum uric acid
• Skeletal survey including X-rays of the skull, pelvis, ribs, vertebrae,

shoulder girdle and long bones
• Bone marrow aspiration and biopsy, cytogenetics
• Serum protein electrophoresis and immunofixation
• 24-hour urinary protein with urine electrophoresis
• Serum β-2 microglobulin
• Quantitative serum IgG, IgA and IgM levels
• Serum lactate dehydrogenase
• Serum C-reactive protein
• Needle aspiration of a solitary lytic bone lesion, enlarged lymph node and

extramedullary tumours

TABLE III. Diagnostic criteria for multiple myeloma*

Major criteria
1. Plasmacytoma on tissue biopsy
2. Bone marrow plasmacytosis with >30% plasma cells
3. M spike on serum electrophoresis exceeding 3.5 g/dl for IgG peaks, or

2 g/dl for IgA peaks, ≥1 g/24 hours of kappa or lambda light chain
excretion on urine electrophoresis in the presence of amyloidosis

Minor criteria
a. Marrow plasmacytosis (10%–30% plasma cells)
b. M spike present but less than the level defined above
c. Lytic bone lesions
d. Residual normal IgM <50 mg/dl, IgA <100 mg/dl or IgG <600 mg/dl

* For the diagnosis of multiple myeloma in symptomatic patients, a
minimum of 1 major and 1 minor criteria or 3 minor criteria which must
include a and b should be documented

TABLE IV. Salient features differentiating myeloma from other
conditions

Feature Multiple Solitary Smouldering MGUS
myeloma plasmacytoma myeloma

Bone marrow ≥10 <10 ≥10 <10
plasma cells (%)

Serum M protein >3 g/dl Usually negative, >3 g/dl <3 g/dl
occasionally
positive <3 g/dl

Bence–Jones >1 g Negative <1 g <1 g
protein/24 hours

Anaemia Present, Absent Absent, Absent
60% rarely present

Renal failure 20%–30% Absent Absent Absent
Hypercalcaemia 10%–20% Absent Absent Absent
Lytic lesions Usually Solitary bone Absent Absent

present lesion due to plasma-
cytoma, skeletal survey
and MRI of skull, spine
 and pelvis normal

MGUS Monoclonal gammopathy of unknown significance

TABLE V. Staging systems for multiple myeloma

Stage Durie and Salmon International Staging
Staging criteria System criteria

I All of the following β-2 microglobulin
Haemoglobin >10 g/dl <3.5 mg and
 Serum calcium <12 mg/dl albumin ≥3.5 g/dl
 X-ray: normal or solitary bone plasmacytoma
Low M component production rates
Ig G <5 g/dl, Ig A <3 g/dl, urine light chain
M component <4 g/24 hours

II In between stages I and III Neither stage I nor III
III One or more of the following β-2 microglobulin

Haemoglobin <8.5 g/dl >5.5 mg/dl
Serum calcium >12 mg/dl
Advanced lytic bone lesions
High M component production rates
 Ig G >9 g/dl, Ig A >5 g/dl, urine light chain
M component >12 g/24 hours

Subclassification: A Normal renal function (serum creatinine <2 mg/dl)
B Abnormal renal function (serum creatinine ≥2 mg/dl)
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tional Staging System (ISS) has been proposed based on serum
β-2 microglobulin and serum albumin levels (Table V).11

CYTOKINES IN THE PROGRESSION OF MYELOMA
MGUS (with a limited number of clonal plasma cells) is consid-
ered to be the initial event in the pathogenesis of myeloma.12

Patients with MGUS are asymptomatic and have no evidence of
end-organ damage but they do have an annual risk of 1% of
progression to myeloma.12 Approximately 50% of patients have
translocations that involve the immunoglobulin heavy chain locus
on chromosome 14q32 and one of the 5 partner chromosomes
11q13, 4p16.3, 6p21, 16q23 and 20q11. These and other cytoge-
netic changes are thought to play an important role in the evolution
of MGUS.13,14

Interleukin-6 (IL-6) is an important growth factor in the termi-
nal differentiation of B cells into immunoglobulin-secreting plasma
cells. The increased levels of IL-6 in the serum of patients with
myeloma, proliferation of myeloma cells in response to IL-6 and
evidence that antibody to IL-6 can dramatically decrease the
labelling index of tumour cells all suggest that IL-6 is the central
growth factor for myeloma cells. Significantly elevated serum IL-
6 levels have been detected in 3% of MGUS and smouldering
myeloma patients, in 35% of overt myeloma patients and in 100%
of a plasma cell leukaemia group. It has been suggested that both
autocrine and paracrine sources of IL-6 production may be impor-
tant in the pathogenesis of myeloma.14

The presence of osteolytic bone lesions is a hallmark of
myeloma. These lesions are due to increased bone resorption. The
central pathway in this process involves the receptor activator of
nuclear factor kappa B (NFκB) (RANK); RANKL—the ligand for
RANK and osteoprotegerin—a decoy receptor for RANKL.
Osteoprotegerin prevents bone resorption by acting as a decoy
receptor, preventing binding of RANKL to RANK, thereby inhib-
iting the upregulation, proliferation and fusion of osteoclast pre-
cursors to produce mature osteoclasts. The increase in the ratio of
RANKL to osteoprotegerin results in the activation of osteoclasts
and bone resorption. Overexpression of RANKL is probably
mediated in part by the release of macrophage inflammatory
protein-1µ (MIP-1µ) by neoplastic plasma cells.15–17 The balance
of bone resorption and formation is also affected by other systemic
and local factors, e.g. glucocorticoids, 1,25 dihydroxyvitamin D3,
parathyroid hormone, prostaglandins, cytokines including IL-1,
-6,-11 and -17, and tumour necrosis factor (TNF)-α.16

PROGNOSIS
The factors affecting the prognosis of patients with myeloma can
be broadly grouped into the following:

1. Clinical factors: Age, performance status, renal function and
haemoglobin level

2. Factors related to tumour cell mass: β-2 microglobulin,
concentration of the M-component, serum calcium, osteolytic
lesions, percentage of bone marrow plasma cells and circulating
plasma cells18

3. Factors reflecting the biological characteristics of the disease:
Plasma cell labelling index (PCLI), C-reactive protein, IL-6,
sIL-6R, cytogenetic abnormalities, serum albumin, plasma-
blastic morphology of plasma cells, immunophenotype of
myeloma cells, oncogene alterations, etc.

The 2 most important prognostic factors are a combination of
β-2 microglobulin and serum albumin at diagnosis. The South
West Oncology Group (SWOG) has developed a staging system

based on these two factors (Table VI) which predict the overall
survival, 1-year mortality and long term event-free survival.19 The
importance of β-2 microglobulin and serum albumin has also been
validated by the International Myeloma Working Group in a study
of 10 750 patients. A 3-stage model was developed (Table V),
with stage I patients having a median survival of 62 months, stage
II 44 months and stage III 29 months. These observations have
been validated in patients from North America, Europe and Asia.11

Recently, conventional cytogenetics by karyotyping has emerged
as a relevant prognostic factor in myeloma patients. Deletion of
chromosome 13 (del 13 ) is the most common and most significant
prognostic abnormality observed. Abnormalities can be detected
in 20%–30% of patients with conventional cytogenetics. Fluores-
cent in situ hybridization (FISH) offers more sensitive and specific
identification of such abnormalities. Currently, lack of standard-
ization, restricted availability and high cost are the major limiting
factors for the routine use of these techniques.11,20

TREATMENT
The outlook of patients with myeloma has improved during the
past 2 decades as a result of better understanding of the biology of
myeloma, use of high dose chemotherapy followed by autologous
stem cell transplantation (ASCT) and supportive drugs such as
bisphosphonates and erythropoietin.21 All patients who are symp-
tomatic should receive treatment. However, for asymptomatic
patients or those with smouldering myeloma, there is no definite
evidence that treatment improves survival.22,23 Two phase II stud-
ies24,25 have used thalidomide alone in patients with asymptomatic
or smouldering myeloma. One study from the Mayo Clinic showed
a 2-year progression-free survival of 63% for patients treated with
thalidomide as opposed to 47% for untreated historic controls.24

Currently, such treatment should be considered experimental.
The current approach to the treatment of symptomatic my-

eloma is as follows. Patients who are ≤65 years of age and eligible
for stem cell transplantation should receive 3–4 cycles of vincris-
tine, adriamycin and dexamethasone (VAD) or vincristine,
adriamycin and methyl prednisolone (VAMP) or thalidomide and
dexamethasone, followed by high dose chemotherapy (HD-CT)
and autologous peripheral blood stem cell transplantation (ASCT).
Others can be started on melphalan and prednisolone or similar
combinations, or thalidomide and dexamethasone until a plateau
is reached.

Conventional chemotherapy
The combination of melphalan and prednisolone was first intro-
duced in the late 1960s26 and is still used for many patients.
Intermittent courses of melphalan and prednisolone (MP) are
given at intervals of 4–6 weeks for 9–12 months. The remission
rate is 40%–50% with complete remission (CR) in 5% (CR is
defined as absence of M protein both in the serum and the urine by

TABLE VI. The South West Oncology Group (SWOG) staging
system

Stage Criteria Median Risk of 5-year EFS
β-2 microglobulin Albumin survival mortality (%)
(mg/L) (g/dl) (months) at 1 year (%)

I <2.5 – 55 8 24
II ≥2.5 but <5.5 – 40 13 15
III ≥5.5 ≥3 24 27 11
IV ≥5.5 <3 16 40 4

EFS event-free survival
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immunofixation for a minimum of 6 weeks, <5% marrow plasma
cells, no increase in the number and size of lytic bone lesions and
disappearance of soft tissue plasmacytomas).27 The median dura-
tion of remission is approximately 2 years and the median survival
3.5 years. An important shortcoming of melphalan is that it is
partly excreted in the urine and damages early haemopoietic
progenitor cells, eventually leading to late and long-lasting
myelosuppression. Therefore, melphalan and other alkylating
agents should be used sparingly or avoided completely in patients
who are potential candidates for ASCT, as prior therapy affects
stem cell procurement. Extensive use of alkylating agents may
also predispose to the subsequent development of the
myelodysplastic syndrome or acute myeloid leukaemia. Com-
pared with melphalan, cyclophosphamide induces less cumula-
tive haematological toxicity and can be administered in full doses
in the presence of moderate renal failure.

A large number of drug combinations have been compared
with MP in prospective trials. While a few of these have been
shown to induce better remission rates (60% v. 53%), prolonga-
tion of survival has not been demonstrated.28,29 An overview of
6633 patients from 27 randomized trials by the Myeloma Trialists’
Collaborative Group (MTCG) found no difference in mortality
between the combination chemotherapy and MP regimen groups.30

VAD chemotherapy (4 days continuous intravenous infusion
of vincristine and adriamycin and oral dexamethasone pulse) or
VAMP was developed in the late 1980s and became a common
induction regimen prior to stem cell transplantation. The response
rate is higher (60%–80%, with CR in 20%–30%) and the onset of
remission more rapid.31 Rapid induction of remission is an advan-
tage in patients with renal failure or hypercalcaemia. However, in
a randomized trial it had no survival advantage over other regi-
mens.32 Pulse dexamethasone alone has also been useful in pa-
tients who need vertebral radiotherapy for spinal cord compres-
sion, as this approach avoids severe myelosuppression.

The role of maintenance therapy following induction chemo-
therapy (e.g.VAD) has been explored in patients who do not
undergo ASCT. One randomized study compared 10 mg v. 50 mg
oral prednisolone given on alternate days. There was significant
improvement in the overall and event-free survival in the group
receiving 50 mg prednisolone.33 However, the side-effects of long
term steroid therapy (e.g. weight gain, hyperglycaemia, proximal
myopathy, increased risk of infectious complications, osteoporo-
sis, avascular necrosis, mood changes, etc.) preclude its routine
use. In a non-randomized study, we administered 6 cycles of
vincristine, melphalan, cyclophosphamide and prednisolone
(VMCP) maintenance chemotherapy following 4–6 cycles of
VAD in patients who did not undergo ASCT. There was improved
overall and event-free survival among patients receiving mainte-
nance chemotherapy.34 Thus, at present, the role of maintenance
chemotherapy in patients with myeloma remains unclear and
should be part of a clinical trial.

Thalidomide plus dexamethasone (thal-dexa)
After the success of thalidomide in refractory myeloma,35 it was
incorporated as first line therapy along with dexamethasone. A
number of phase II studies have confirmed a high response rate
similar to that with VAD.36,37 Data from a recent phase III study
have confirmed the superiority of thal-dexa over dexamethasone
alone.38 Cavo et al. have published the results of a retrospective,
matched, case–control analysis of 200 previously untreated pa-
tients who received thal-dexa (n=100) and VAD (n=100).39 The
matching criteria included age, clinical stage and serum β-2

microglobulin levels. Compared to VAD, thal-dexa resulted in a
higher response rate (52% v. 76%, respectively, p<0.001) and
effected more profound reduction in the myeloma cell mass of both
the IgG (p<0.02) and IgA (p<0.03) types. Deep vein thrombosis
was the main adverse effect with thal-dexa (15%) and grade III–
IV neutropenia (12%) with VAD. In each arm, 91% of patients
proceeded to stem cell collection which was similar in both arms
(CD34+ 7.85×106/kg in thal-dexa v. 10.5×106/kg in VAD (p=ns).
For mobilization of stem cells prior to ASCT, thal-dexa is equally
safe as shown in 2 other recent studies.40,41 Thalidomide has also
been used along with alkylating agents (melphalan and cyclo-
phosphamide) for patients with relapsed/refractory disease (Table
VII).

High dose chemotherapy
McElwain in 1983 demonstrated that treatment with high dose
(HD) melphalan (100–140 mg/m2) in previously treated patients
was associated with high CR rates and improved survival.42

Subsequent studies used HD melphalan followed by ASCT as a
rescue to reduce the period of myelosuppression.43 During the past
decade, a number of randomized and non-randomized studies in
a large number of patients have confirmed that treatment with HD
melphalan 200 mg/m2 followed by ASCT is associated with CR
rates of 40%–60% with improved overall and event-free survival
(Table VIII).

We transplanted 78 patients (median age:52.5 years; range:
26–68 years) with advanced myeloma till May 2005 (data on the
first 50 patients have been reported).51 All patients received HD
melphalan followed by ASCT and 54% of the patients achieved
CR (without immunofixation). At a median follow up of 26
months, the probability of overall and event-free survival was 62%
and 42%, respectively, at 30 months. Chemosensitive disease
(p<0.008) at transplant and achievement of CR post-transplant
(<0.0001) were associated with significantly improved survival.
These results are similar to those reported in other studies.

Based on these results, HD chemotherapy followed by ASCT
is now considered standard therapy for multiple myeloma in
younger patients (≤65 years) with stage II–III disease. The data on
the effectiveness of ASCT in patients >65 years of age and those
with end-stage renal disease are limited.52–54
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TABLE VII. Comparison of induction chemotherapy regimens

Regimen Response (%) Comment

Melphalan and 50–55 Duration 9–12 months
prednisolone CR 5–8 Affects stem cell quality

Potential risk of myelodysplastic
syndrome/acute leukaemia

Vincristine, 55–65 Duration: 3–4 months
adriamycin and CR 10–20 Rapid response
dexamethasone Preferred in patients with renal failure

Needs central line
Risk of catheter-related infections,
thrombosis

Alopecia, steroid toxicity*
Thalidomide 65–70 Duration 3–4 months
and CR 10–16 Deep vein thrombosis (10%–20%)
dexamethasone Thalidomide toxicity

No adverse effect on stem cell
mobilization, steroid toxicity*

CR complete response * Weight gain, hyperglycaemia, proximal myopathy, mood
changes, increased risk of infectious complications, osteoporosis, avascular necrosis
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Though initial workers used bone marrow (BM) stem cells,
currently peripheral blood (PB) stem cells are routinely used for
transplantation. Compared with BM stem cells, PB stem cells are
associated with rapid engraftment, reduced infectious complica-
tions, decreased period of hospitalization, and the mortality rate
due to transplantation has decreased to 1%–2%.55,56

Two studies have evaluated the timing of transplantation in
myeloma. In a randomized French study, 200 patients received
transplant either immediately after induction chemotherapy or
after they relapsed. Even though the overall survival was not
significantly different between the two groups, patients who were
transplanted earlier had significantly higher median disease-free
survival compared with those transplanted later (39 v. 13 months,
p<0.01).57 Similarly, a retrospective analysis of myeloma patients
reported to the International Bone Marrow Transplant Registry
(IBMTR)58 showed superior overall survival at 3 years for patients
transplanted within 18 months of diagnosis compared with those
transplanted later (55%±4% v. 43%±5%, p<0.08). Thus, the data
suggest that patients eligible for high dose therapy and ASCT
should be transplanted early.59

Currently, melphalan alone in a dose of 200 mg/m2 is used for
myeloablation prior to ASCT. In earlier studies also, a combina-
tion of melphalan and total body irradiation (TBI) was used for
myeloablation prior to ASCT. Melphalan alone was superior to
melphalan and TBI in terms of overall survival and reduced
toxicity in a study by the French Group60 and in a multivariate
analysis of the European Bone Marrow Transplant Registry
(EBMTR) data.61

The lack of a plateau in the survival curve following single
ASCT has led investigators to explore ways to prolong the
duration of remission achieved with the first transplant. These
strategies include the use of maintenance therapy post-transplant
(with IFN-α or low dose thalidomide) or second or double (tan-
dem) ASCT and mini or reduced intensity allogeneic transplant.

Following ASCT most patients will ultimately relapse. Re-

lapse is possibly due to contamination of the graft (stem cells) with
residual tumour (plasma) cells. In 2 randomized studies, patients
received CD34+ (stem) cells after positive selection to reduce the
risk of contamination. However, no effect on overall or event-free
survival was observed.62,63

IFN-α has been used after ASCT on the assumption that it may
be more effective in patients with minimal residual disease after
transplantation. Available data indicate modest benefit in both
overall and progression-free survival for the initial 4–5 years.64

More recently, thalidomide in low doses is being studied post-
transplant; the initial results from a French trial (IFM99-02) are
promising.65 We have recently reported the preliminary results of
a prospective study where patients were randomized post-ASCT
to receive either IFN-α (3 mU twice a week subcutaneously) or
low dose thalidomide (50 mg daily) as maintenance therapy for
one year. All 17 patients (IFN-α, n=8; thalidomide, n=9) continue
to be in CR at a median follow up of 14 months. Interferon was
discontinued in 1 patient due to poor tolerance. We are continuing
this study to accrue more patients and achieve a longer follow up.66

A second autologous transplant within 1–6 months of recovery
from the first transplant has been attempted to improve the CR
rates and survival. Barlogie et al. first developed this concept of a
second transplant.21 Non-randomized studies from their group21

and others67 reported a higher CR rate, improved overall and
event-free survival with double transplant compared with single
transplant. The results of 5 randomized trials65,68–71 have shown
that the CR rate was significantly superior in one study (p<0.002),71

and the event-free survival was prolonged with double transplant
compared with single transplant in 4 of 5 trials. However, the
overall survival was superior only in the French study.65 Even in
this study, divergence of the survival curve was seen at 4 years
(Table IX). Thus, it is possible that with a longer follow up, a
survival benefit may be found in some more studies.

Do all patients benefit from double transplants? In the recent
French study, patients with less than a very good partial response

TABLE VIII. Comparison of conventional chemotherapy (CC) with high dose chemotherapy and autologous stem cell transplantation

Study n Age (years) Complete response (%) p value Median EFS (months) p value Median OS (months) p value
CC HD-CT, ASCT CC HD-CT, ASCT CC HD-CT, ASCT

IFM 9044 200 ≤65 5 22 <0.0001 18 28 0.01 44 57 0.03
MRC VII45 401 ≤64 8 44 <0.001 19 31 <0.001 42 54 <0.001
MAG 9146 190 55–65 na na – 19 25 0.05 45 42 ns
PETHEMA47 164 ≤65 11 30 0.002 34 42 ns 67 65 ns
USIG48 50 na 15 17 ns 21 25 0.05 53 58 ns
IMMSG49 195 50–70 7 26 <0.0001 16 28 0.0036 43 58+ 0.0008
Lenhoff50 548 <60 na 41 – na 32 – 44 nr 0.001

HD-CT, ASCT high dose chemotherapy and autologous stem cell transplantation EFS event-free survival OS overall survival  IFM Intergroupe Francophone du Myelome
MRC Medical Research Council MAG Myelome Auto Greffe PETHEMA Programa para el Estudio y Tratamiento de las Hemopatias Malignas USIG US Intergroup
IMMSG Italian multiple myeloma study group  ns not significant na not available na not reached

TABLE IX. Single v. double transplant for myeloma

Study n Age (years) Complete remission (%) p value Median EFS (months) p value Median OS (months) p value
Single Double Single Double Single Double

IFM 9065 399 <60* 42 50 ns 25 30 <0.03 48 58 0.01
7- year – – – 10 20 – 21 42 0.01

MAG 9568 230 <56 39 37 ns 31 33 ns 49 73 ns
Bologna9669 220 <61 31 43 ns 21 31 <0.02 56  60 ns
HOVON71 303 <66 13 28 <0.002 20 22 <0.01 55 50 ns

EFS event-free survival OS overall survival ns not significant IFM Intergroupe Francophone du Myelome MAG Myelome Auto Greffe
HOVON The Dutch–Belgian Haemato-oncology Cooperative Study Group * benefit of double transplant limited to those with <90% partial remission



85

(<90% response) benefited more from a second transplant; overall
survival of 11% at 7 years in the group receiving single v. 43% in
the group receiving double transplant (p<0.001). The benefit was
not so significant (p=0.70) among patients who had very good
partial response (≥90% response) or CR after the first transplant.65

It is not clear how a second transplant improves survival.
Higher CR rates and prolongation of the response duration are the
most likely possibilities. A second transplant is also associated
with major toxicity including mortality; the mortality was 20% in
the double transplant group compared with 4% in the single
transplant group;65 higher toxicity was attributed to the use of TBI
for conditioning. Thus, second or double ASCT may be a reason-
able option for younger patients who achieve less than a very good
PR with the first transplant or have high risk features.

Allogeneic BMT
Allogeneic BMT has the potential to eradicate the myeloma clone
due to graft v. myeloma effect. However, the role of conventional
allogeneic BMT in myeloma remains limited due to (i) high
transplant-related mortality from severe graft v. host disease
(GVHD), (ii) availability of HLA-identical sibling donor in one-
third of patients, and (iii) age (median age at diagnosis is 55–58
years, about 5%–10% of patients are young). Gahrton et al.
compared the outcome of patients transplanted between 1983–93
and 1994–98. The median overall survival was 10 months in the
initial period and 50 months in the later period. This improvement
was due to significant reduction in transplant-related mortality in
the later period.72

Donor lymphocyte infusions (DLI) have been shown to be
effective for the treatment of relapsed myeloma after allogeneic
stem cell transplantation.73 Molecular CR can be obtained in a
relatively high proportion of myeloma patients who have achieved
clinical CR after allogeneic transplantation.74

Recently, a number of studies have explored the role of non-
myeloablative (mini-transplant) allogeneic transplantation from
an HLA-identical sibling donor. Initially, ASCT followed by mini
allo-transplants is associated with a decreased risk of acute and
chronic GVHD resulting in reduced transplantation-related mor-
tality (15%–20%). This approach allows transplant even for older
patients up to 65 years of age.75,76 Most recently, Crowley et al.77

have reported the results of 229 patients (median age 52 years)
who underwent reduced intensity allogeneic transplantation at 33
centres in Europe. Most patients received fludarabine-based con-
ditioning along with antithymocyte globulin (ATG) or
alemtuzumab for T cell depletion. Transplantation-related mortal-
ity at 1 year was 22%. The 3-year overall and progression-free
survival was 41% and 21%, respectively; 31% of patients had
grade II–IV acute GVHD. Thus, the high morbidity and mortality
associated with ASCT precludes its routine use and presently this
treatment must be considered experimental. However, by virtue of
the graft v. myeloma effect, allogeneic transplant results in cure in
some patients and may be worth considering in young patients
with high risk myeloma who have an HLA-identical sibling
donor. The approach of ASCT followed by reduced intensity
transplant is promising.

Interferon-alfa
IFN-α has been used as maintenance therapy for patients who
respond to conventional chemotherapy. Mandelli et al.78 reported
an Italian multicentric study in which there was a significantly
improved outcome with respect to duration of remission (26 v. 14
months in controls) and a trend to longer overall survival (52 v. 39

months) with IFN-α maintenance. Subgroup analysis revealed
that those responding to chemotherapy (at least partial respond-
ers) had a prolonged survival (p<0.001). At 9 years of follow up,
the duration of median response (from time of randomization to
maintenance treatment) in the IFN arm was superior to that in
controls (24 months v. 13 months, p<0.0016). The overall survival
was not significantly different, 50 v. 39 months, p=0.21).79 The
SWOG study for evaluation of IFN-α maintenance failed to
confirm the findings of the Italian study.80

The MTCG has recently done a meta-analysis of individual
patient data from 24 randomized trials. Data on 4012 patients
were available (2469 patients in 12 induction trials, 1543 patients
in 12 maintenance trials). Where the data were not available, pub-
lished data were used. The survival was slightly better with IFN-
α (3-year survival: 53% v. 49%, p=0.01). A similar effect was seen
in both the induction and maintenance trials, with an increase in
median survival of 2 and 7 months, respectively. In the induction
group, CR (17% v. 14%, p=0.08) and PR (58% v. 53%, p=0.01)
rates were slightly better with IFN-α. The recurrence-free survival
was significantly better with IFN-α.81 Considering the adverse
effects, financial costs and modest benefit in responders, mainte-
nance therapy with IFN-α is not routinely recommended.

Thalidomide
The anti-angiogenic and immunomodulatory properties of thali-
domide prompted its evaluation in the treatment of myeloma. The
initial study by Singhal et al. from the University of Arkansas
reported its usefulness in the treatment of relapsed and refractory
myeloma (n=84) with a response rate of 32%.35 These results were
confirmed later in a larger number of patients (n=169) by their
group82 and others.83 Based on these results, currently, thalido-
mide with or without dexamethasone is considered as the treat-
ment of choice for patients with relapsed/refractory disease after
primary chemotherapy or ASCT. Following impressive responses
in relapsed patients, thalidomide has been incorporated in the
primary treatment of myeloma along with dexamethasone. Be-
sides having a direct effect on tumour cells, thalidomide and its
analogues result in an expansion of T cells toward a Th1 response,
resulting in IFN-γ and IL-2 production.23

The main side-effects of thalidomide therapy include somno-
lence, constipation (dose-related), neuropathy and fatigue. The
less common ones are oedema, venous thrombosis, skin rash,
bradycardia (5%), neutropenia and hypothyroidism. The frequency
of venous thrombosis is low when thalidomide is used alone
(<5%) but is higher when combined with dexamethasone (10%–
20%).84 Many investigators have recommended prophylactic low
molecular weight heparin or oral anticoagulant therapy in thera-
peutic doses to prevent venous thrombosis.84 Thalidomide is
generally administered 3–4 hours before dinner in a dose of 200
mg daily. A lower dose (e.g. 50 mg daily) is being advocated as
maintenance therapy after ASCT. Thalidomide is a teratogenic
drug and its use in pregnancy is absolutely contraindicated.

Lenalidomide (CC5013), an analogue of thalidomide, has
potent antimyeloma activity. It induces apoptosis, decreases the
binding of myeloma cells to stromal cells in the bone marrow,
inhibits angiogenesis and promotes cytotoxicity mediated by
natural killer cells.85 In phase II trials, a response rate of 24% was
observed among patients with refractory/resistant myeloma. Un-
like thalidomide, sedation, constipation and neuropathy are not
seen. However, myelosuppression—neutropenia and thrombocy-
topenia—was seen in 28% and 18% of patients, respectively.86

These results are promising and phase III trials are under way.
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Bortezomib
Bortezomib (Velcade, PS 341) is a potent, selective and reversible
inhibitor of the small molecule 26S proteosome. This is a large
intracellular ATP-dependent protease responsible for protein ca-
tabolism in all eukaryotic cells. The proteosome plays a key role
in the degradation of ubiquitinated proteins, which in turn have
important functions in controlling tumour cell growth and sur-
vival. Richardson et al.87 have reported the results of a multicen-
tric, phase II study which included 202 patients with relapsed and
refractory myeloma. They received bortezomib 1.3 mg/m2 twice
weekly for 2 weeks followed by a week without treatment, for up
to 8 cycles. Of the 193 evaluable patients, 35% responded with a
median duration of response of 12 months and a median overall
survival of 16 months. Grade III toxicity included thrombocytope-
nia (28%), fatigue (12%), peripheral neuropathy (12%) and neu-
tropenia (11%). Grade IV toxicity was seen in 14% of patients.87

A recent phase III study comparing bortezomib with pulsed
dexamethasone in 670 patients was closed early because of
significantly better results with bortezomib in terms of rapidity of
response and longer duration of response.88 Clinical studies are
ongoing with bortezomib in combination with pegylated liposo-
mal doxorubicin, thalidomide, melphalan and lenalidomide.

Other drugs
The low rate of CR following chemotherapy is probably due to a
marked drug resistance of the myeloma cells even at diagnosis.
Attempts have been made to overcome or prevent multidrug
resistance with verapamil, quinine, cyclosporin or its analogue
PSC 833 (Valspodar). Other drugs under active research include
vinorelbine, oral idarubicin, topotecan, ImiDs (CDC 501), an
analogue of thalidomide and arsenic trioxide. Other novel poten-
tial agents for therapy include 2ME (methoxyoestradiol), farnesyl
transferase inhibitors and proteosome inhibitors.85

Arsenic trioxide (As2O3) induces apoptosis of drug-resistant
myeloma cells. It has been evaluated in small phase II studies,
based on in vitro activity in cell lines and animal tumour models
(Table X). An overall response rate of 60%–80% was achieved
with partial response in 10%–17% of patients. The major side-
effects were fever, dyspnoea, pleural and pericardial effusion with
or without leukocytosis. These side-effects resolve with high dose
steroids.

Bisphosphonates
These are analogues of inorganic pyrophosphates, having a high
affinity for bone mineral. Bisphosphonates inhibit bone resorp-
tion by inducing apoptotic cell death of osteoclasts and inhibiting
IL-6 production by osteoclasts. Other probable mechanisms in-
clude an effect on the marrow microenvironment and modulation
of the immune function of gamma delta T cells. In general,
bisphosphonates bind to the surface of damaged bone and inhibit
ongoing bone destruction and this improves the chances of bone

healing and recovery of bone density and strength.92 The clinically
important compounds are pamidronate, clodronate, zoledronate
and ibandronate.

Pamidronate (a second-generation drug) has been used more
widely in patients with myeloma. The bisphosphonates are elimi-
nated almost exclusively by renal excretion. When pamidronate is
given intravenously, approximately half of the administered dose
reaches the bone and is concentrated on the surface, where bone
remodelling takes place. In a prospective, randomized trial, pa-
tients with stage III myeloma and at least one lytic lesion received
pamidronate 90 mg as a 4-hour intravenous infusion every 4
weeks or as placebo. At 9 months, patients in the pamidronate
group had significantly less skeletal events (defined as pathologi-
cal fracture, spinal cord compression, need for bone radiation or
orthopaedic skeletal procedures) compared with the placebo group,
(24% v. 41%, p<0.001. The median time to the first skeletal event
was 10 months in the placebo group and was not reached in the
pamidronate group.93 In contrast to the favourable results obtained
with intravenous administration of pamidronate, oral administra-
tion has been relatively unsuccessful due to very poor (1%)
bioavailability. Zolendronate is 100–850 times more potent than
pamidronate; it must be given as an intravenous infusion over 15–
20 minutes.94 Thus, with the available data it appears reasonable
to recommend intravenous administration of pamidronate or
zoledronate to myeloma patients having lytic lesions or those with
severe osteoporosis. It can be administered as an adjunct when
chemotherapy is started. Rarely, treatment with bisphosphonates
may result in renal dysfunction and osteonecrosis of the jaw.

New techniques such as vertebroplasty or kyphoplasty have
also been used. Kyphoplasty is a minimally invasive technique in
which bone cement (polymethyl methyacrylate) is injected at the
site of vertebral compression fractures. This can help in restoring
the vertebral height, with significant improvement in pain and
function.95

Anaemia
Inadequate levels of erythopoietin (EPO) are present in up to 50%
of patients with myeloma and anaemia. Replacement therapy with
recombinant EPO is a useful adjuvant and has been shown to be
effective in 80% of myeloma patients with a mean haemoglobin
increase of >2 g/dl. Currently, EPO is given in a dose of 100 units
per kg 2–3 times a week or 30 000–40 000 IU per week or 2.25
mg/kg darbopoietin per week subcutaneously (SC). If after 2
weeks of therapy, serum EPO levels exceed 100 mU/ml and the
haemoglobin does not increase by at least by 0.5 g/dl, lack of
response can be predicted with 93% accuracy.96 In the absence of
serum EPO measurements, serum ferritin can be done to predict
outcome. Patients with low serum ferritin levels (<400 ng/ml)
after 2 weeks of EPO are likely to respond to treatment. Before
starting a patient on EPO, it is important to correct iron, folic acid
and B12 deficiency, if present.

Infections
 Many patients with myeloma develop bacterial infections. This
increased susceptibility is due to hypogammaglobulinaemia, granu-
locytopenia and low cell-mediated immunity. Gram-positive
organisms (e.g. Streptococcus pneumoniae, Staphylococcus
aureus and Haemophilus influenzae) are the common patho-
gens.9 Patients receiving dexamethasone should receive trimetho-
prim–sulphamethoxazole prophylaxis. Intravenous immunoglo-
bulin may be considered as an adjuvant in patients with serious
infections and hypogammaglobulinaemia.

TABLE X. Results of arsenic trioxide use in multiple myeloma

Author n Duration* Response Patients with 50%–75%
(days) decrease in M protein

Berenson et al.89 17 4 13 3
Abou-Jawde90 20 5 16 1  (>75% in 1)
Lee et al.91 11 5 7 1

* dose 0.25 mg/kg/day i.v.
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Renal failure
About 20%–25% of patients have renal dysfunction at the time of
diagnosis. Myeloma kidney or cast nephropathy (80%), light
chain deposition (5%–6%) and amyloidosis (<10%) are the main
causes of renal failure. Dehydration, hypercalcaemia,
hyperuricaemia are reversible precipitating factors and should be
corrected. Chemotherapy with VAD or dexamethasone alone is
preferred in patients with renal failure. Alkaline diuresis can
reverse acute renal failure due to cast nephropathy.9

Relapsed/refractory myeloma
The treatment of relapsed/refractory myeloma is a therapeutic
challenge. Thal-dexa, VAD or C (cyclophosphamide)-VAMP can
be used for patients who relapse after MP therapy. HD-CT
followed by ASCT may be considered for responders and can
result in prolonged remission in 20%–25% of them. Young
patients who relapse following ASCT can be considered for allo-
geneic stem cell transplantation from an HLA-matched sibling
donor using reduced intensity conditioning. Thalidomide with or
without dexamethasone can be used in patients who progress
while on chemotherapy.35 It is important to identify a subgroup of
patients who are asymptomatic; such patients need not be given
further chemotherapy until they are symptomatic.

Newer treatment strategies
Multiple myeloma has been a target for immunological interven-
tions. In the autologous setting, vaccination strategies with den-
dritic cells pulsed with MM antigens,97 MM cell–dendritic cell
fusions, carrier-linked idiotype protein, and catalytic subunit of
telomerase or DNA encoding for single chain variable fragments
linked to a carrier protein gene are under investigation.97,98 Other
potential treatment approaches include the use of antiplasma cell
monoclonal antibodies, anti-IL-6 monoclonal antibodies99 and
monoclonal antibodies or immunotoxins directed against CD20-
or CD19-positive myeloma precursor cells. Strategies to induce
allogeneic anti-MM immunity have included immunization of the
marrow donor to idiotypic protein, as well as DLI.

CONCLUSION
The outlook of patients with multiple myeloma has improved
during the past few years. This change has occurred as a result of
a better understanding of its pathogenesis, application of HD-CT
followed by ASCT and the use of newer drugs such as thalido-
mide, bortezomib and biphosphonates. A number of new ap-
proaches and novel drugs have shown encouraging preliminary
results.

NOTE ADDED ON PROOF
Barlogie et al. in March 2006 reported the results of a study of 668
newly diagnosed patients with multiple myeloma who received 2
cycles of HD-CT followed by ASCT. The patients were randomly
assigned to receive thalidomide (n=323) or no thalidomide (other
combination chemotherapy regimens, n=345) until disease pro-
gression or undue adverse effects occurred. At a median follow up
of 42 months, among survivors, the CR (62% v. 43%, p<0.001)
and 5-year EFS (56% v. 44%, p<0.01) were better in the thalido-
mide group. The 5-year overall survival was about 65% in both
goups. Severe peripheral neuropathy and deep vein thrombosis
occurred more frequently in the thalidomide group. This study
further confirms the superiority of thalidomide as an induction
agent for patients with multiple myeloma.100
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