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Background and Objective. Multiple myeloma (MM)
accounts for about 10% of all hematologic malig-
nancies. The standard treatment with intermittent
courses of melphalan and prednisone (MP) was intro-
duced more than 30 years ago and, since then there
has been little improvement in event-free and over-
all survival (EFS & OS). The aim of this article is to
review: 1) the role of initial chemotherapy (ChT),
maintenance treatment with a-interferon and sal-
vage ChT, 2) the results of high-dose therapy (HDT)
followed by allogeneic or autologous stem cell trans-
plantation (allo-SCT and auto-SCT), and 3) the most
important supportive measures.

Evidence and Information Sources. The authors of
this review have been actively working and con-
tributing with original investigations on the treat-
ment of MM during the last 15 years. In addition, the
most relevant articles and recent abstracts pub-
lished in journals covered by the Science Citation
Index® and Medline® are also reviewed.

State of the Art and Perspectives. The importance of
avoiding ChT in asymptomatic patients (smoldering
MM) is emphasized. The criteria and patterns of
response are reviewed. MP is still the standard ini-
tial ChT with a response rate of 50-60% and an OS
of 2-3 years. Combination ChT usually increases the
response rate but does not significantly influence
survival when compared with MP. Exposure to mel-
phalan should be avoided in patients in whom HDT
followed by auto-SCT is planned, in order to not pre-
clude the stem cell collection. The median response
duration to initial ChT is 18 months. Interferon main-
tenance usually prolongs response duration but in
most studies does not significantly influence survival
(a large meta-analysis by the Myeloma Trialists’ Col-
laborative Group in Oxford is being finished). In alky-
lating-resistant patients, the best rescue regimens
are VBAD or VAD. In patients already resistant to
VBAD or VAD and in those in whom these treatments
are not feasible we recommend a conservative
approach with alternate day prednisone and pulse
cyclophosphamide. While HDT followed by auto-
transplantation is not recommended for patients
with resistant relapse, patients with primary refrac-
tory disease seem to benefit from early myeloabla-
tive therapy. Although results from large randomized
trials are still pending in order to establish whether

early HDT intensification followed by auto-SCT is
superior to continuing standard ChT in responding
patients, the favorable experience with autotrans-
plantation of the French Myeloma Intergroup sup-
ports this approach. However, although the complete
response rate is higher with intensive therapy, the
median duration of response is relatively short (medi-
an, 16 to 36 months), with no survival plateau. There
are several ongoing trials comparing conventional
ChT with HDT/autoSCT in order to identify the
patients who are likely to benefit from one or anoth-
er approach. With allo-SCT there is a transplant-relat-
ed mortality ranging from 30 to 50% and also a high
relapse rate in patients achieving CR. However, 10
to 20% of patients undergoing allo-SCT are long-term
survivors (>5 years) with no evidence of disease and,
consequently, probably cured. The use of allogeneic
peripheral blood stem cells (PBSC) in order to speed
the engraftment and also the use of partially T-cell
depleted PBSC which can decrease the incidence of
graft-versus-host disease are promising approaches.
In the setting of allo-SCT, donor lymphocyte infusion
is an encouraging strategy in order to treat or pre-
vent relapses. Finally, important supportive mea-
sures such as the treatment of anemia with erythro-
poietin, the management of renal failure and the use
of bisphosphonates are reviewed.
©1999, Ferrata Storti Foiundation
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In spite of the different drug combinations tried in
multiple myeloma (MM), progress in event free
and overall survival has, at most, been modest.

At present, conventional melphalan and prednisone
(MP) continue to be regarded as the gold standard.
The response rates obtained with MP or other poly-
chemotherapeutic regimens are around 50 to 70%,
with less than 5% complete remissions, and more-
over, almost all patients who do respond will ulti-
mately develop chemoresistance and relapse. These
poor results led to the search for alternative treat-
ment strategies. In 1983, McElwain and Powles1

demonstrated that dose escalation of intravenous
melphalan could overcome primary resistance to
conventional doses of alkylating agents, resulting in
a significant increase in the response rate. This pilot
study also indicated the feasibility of high-dose treat-
ment in patients with MM and was the basis for fur-
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ther investigations into the intensification of therapy.
Nevertheless, high doses of chemotherapy resulted
in a prolonged marrow aplasia associated with a rel-
atively high frequency of fatal infectious episodes.
Therefore, the subsequent goal was to reduce such
consequences through bone marrow stem cell
(BMSC) support – either autologous or allogeneic. In
this review we will first discuss the role of conven-
tional chemotherapy and maintenance treatment
with interferon and then we will analyze the results
obtained with autologous and allogeneic transplan-
tation and finally the most relevant strategies for
supportive therapy will be reviewed.

Conventional chemotherapy

General considerations
Patients who should not be treated. The majority of

patients with MM require chemotherapy at the time
of diagnosis because of symptomatic disease at pre-
sentation. However, not all patients fulfilling the
diagnostic criteria of MM require cytostatic therapy.
In this regard, patients with smoldering multiple
myeloma (SMM) (serum M-protein >30 g/L and pro-
portion of bone marrow plasma cells > 10%)2 must
not be treated even if the M-component and the per-
centage of bone marrow plasma cells are consider-
ably higher than the cut-off required for the definition
of SMM, provided that they do not develop bone
pain, anemia, hypercalcemia, renal insufficiency or
recurrent bacterial infections. In addition, when the
tumor mass is relatively high (i.e., serum M-protein of
40 to 50 g/L and proportion of bone marrow plas-
ma cells in the range of 30 to 40%), the hemoglobin
level is usually below the normal limit. In this setting,
a moderate degree of anemia is not a criteria for ini-
tiation of treatment in otherwise asymptomatic
myeloma. As the diagnosis of SMM is sometimes dif-
ficult to prospectively establish, a decision on no
treatment might be reinforced by a low plasma cell
labeling index, normal serum b2-microglobulin and
normal MRI of the spine.

There is also an small proportion of patients with
non-responding, non-progressive myeloma. In our experi-
ence, these patients usually present with a high serum
M-protein concentration, particularly of IgG type, a
high proportion of bone marrow plasma cells, mod-
erate anemia, bacterial infections or symptoms of
mild hyperviscosity, but they have no lytic bone
lesions, hypercalcemia, renal insufficiency or extra-
medullary plasmacytomas. These patients are usual-
ly treated with chemotherapy because of anemia or
recurrent infections. If no change in their parapro-
tein level and clinical status is observed after 4 to 6
courses of chemotherapy, these patients should not
be given further chemotherapy until evident disease
progression occurs. It is of note that, although these
patients are normally classified as non-responders it has
been recognized that in fact they have a prolonged

survival because of temporarily non-progressive dis-
ease.3,4

Criteria of response. In contrast to that occurring in
acute hematologic malignancies, conventional chemo-
therapy for MM, although inducing different degrees of
partial response, rarely results in complete remission
(i.e., disappearance of the M-protein and fewer than
5% bone marrow plasma cells). The first criteria of
response were developed by the Committee on the Chron-
ic Leukemia Myeloma Task Force (CLMTF). According to
the CLMTF, the main parameter for objective response
was a 50% reduction in the amount of the serum and
urinary M-proteins.5 The Southwest Oncology Group
(SWOG) proposed a system in which the objective
response was based on a reduction of at least 75% in
the serum M-protein synthesis rate and a decrease of
at least 90% in the light chain urinary protein excretion
sustained for at least two months.6 Patients with clin-
ical improvement but in whom the M-protein decrease
was lower than 50% (CLMTF criteria) and those with
a decrease in the M-protein synthesis between 50 and
74% (SWOG criteria) were considered as having indi-
rect or partial responses. Both, the CLMTF and the
SWOG criteria have been extensively used in clinical
trials, although frequently with modifications on the
original proposals. In 1980, the concept of a plateau
phase, consisting of a period of stability after chemo-
therapy lasting for at least 4 to 6 months, in which
tumor progression does not occur despite the persis-
tence of measurable disease with a stable serum M-
protein and a significant number of bone marrow plas-
ma cells, was introduced in the response evaluation of
MM.7 Since the survival of patients with MM who
achieve the plateau phase with disease stabilization is
similar irrespective of whether they fulfil the objective
response criteria, or just those of a partial response,
this latter group of patients should also be considered
as responders and consequently managed as such.8-10

In some recent studies the achievement of complete
response (disappearance of the M protein in serum
and urine and less than 5% bone marrow plasma cells)
is being considered.11,12 In this regard, the emergence
of new treatment approaches, particularly high-dose
therapy followed by autologous or allogeneic stem cell
rescue, is resulting in a much higher tumor reduction
with complete response rates ranging from 25 to 75%.
Although this high response rate is encouraging, longer
follow-up is required to establish the real impact of
this greater tumor reduction on survival. The EBMT
(European Group for Blood and Marrow Transplantation),
IBMTR (International Bone Marrow Transplant Registry),
and ABMTR (Autologous Bone Marrow Transplant Registry)
have developed a new proposal for definition of
response, relapse and progression in MM, particular-
ly after high-dose therapy.13

Response patterns and their influence on survival in multi-
ple myeloma. Patients with MM display different pat-
terns of response.14 Thus, between 40% and 50% of
patients with MM show an objective response to
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chemotherapy, while an additional 10 to 20% attain
a clinical improvement or partial response (CLMTF,
SWOG criteria). As already mentioned, there is an
small proportion of patients who have no response
but in whom the disease does not progress: non-
responding, non-progressive disease.3,4 When the patients
are asymptomatic and the maximal degree of response
is sustained for at least 4 months it is considered that
the disease is in the plateau phase. The attainment of
response in MM is usually slow. In this sense, most
patients with MM achieve the response between 2 and
6 months after the initiation of conventional chemo-
therapy. Moreover, in some cases the response not is
observed until more than 6 months, or even more than
one year, beyond the initiation of treatment. In con-
trast, about 10% of the patients show a rapid response
to chemotherapy (< 2 months). For many years, it was
considered that a rapid response to chemotherapy
was followed by a quick relapse and subsequent short
survival.15,16 However, Boccadoro et al.17 found that a
rapid response, by itself, is not an indicator of poor
prognosis. Rapid responders with a labeling index (LI)
> 2% had a median response duration and survival of
12 and 16 months, respectively. In contrast, rapid
responders with a LI < 2% had a median response
duration of 26 months and the median survival was
still not reached at 47 months.17 Thus, early response
is only a poor prognostic factor when it is associated
with a highly proliferative tumor. In patients with low
LI the early response is due to an intrinsic chemosen-
sitivity of the myeloma cells, unrelated to the cell pro-
liferation. About 25 to 30% of the patients with MM
do not respond to chemotherapy and have progressive
disease.

In summary, patients with a slow objective or par-
tial response, early responders with low LI as well as
those with non-responding, non-progressive disease have a
better prognosis with a median survival of about 4
years. In contrast, non responding patients with pro-
gressive disease and early responders with high LI have
a poor prognosis with a median survival of less than
one year. In our experience, response to chemothera-
py is the most important prognostic factor.18

Initial chemotherapy
Before the introduction of alkylating agents, medi-

an survival of patients with MM was less than one
year.19 Since its introduction by Alexanian et al. thir-
ty years ago,20 the combination of melphalan and
prednisone (MP) has constituted the standard ther-
apy for patients with MM.14 With this regimen the
overall response rate is 50 to 60% and the patients’
median survival ranges between 2 and 3 years.
Cyclophosphamide is as effective as melphalan,21,22

but has been less employed in the treatment of MM.
Melphalan is usually administered at a dose of 0.25
mg/kg/day for four days, along with 60 mg/m2 of
prednisone every 4 to 6 weeks depending on the
hematologic tolerance. Because of the variability in

the melphalan absorption, this drug must be given
while the patient is fasting and the dose should be
adjusted until mild midcyle cytopenia occurs. In
patients with renal failure the initial dose of melpha-
lan should be reduced by 25 to 50% to prevent severe
myelotoxicity. If renal function improves or no exces-
sive toxicity is observed, full doses must be adminis-
tered in the following courses. It has been stressed
that combination chemotherapy could produce a
faster response with a quicker decrease in light-chain
production thereby avoiding further renal damage.23

However, in our experience the survival of patients
treated with single alkylating agents plus prednisone
was similar to that of those treated with combination
chemotherapy. An alternative approach for these
patients might be the administration of the VAD reg-
imen (vincristine and adriamycin in a four-day con-
tinuous infusion plus high-dose dexamethasone)
which produces a more rapid response than MP and
other more conventional regimens with low hemato-
logic toxicity.24,25 In MM patients with cardiac disor-
ders and renal failure another approach is the use of
cyclophosphamide (1 g/m2 every 3 weeks) and dexa-
methasone (as used in VAD).

Although the introduction of melphalan constitut-
ed an important advance in the management of MM,
the survival of patients with this disease still remains
unsatisfactory. Numerous attempts to improve the
results obtained with the standard MP regimen have
been made. Several combinations of melphalan (M)
with cyclophosphamide (C), prednisone (P), car-
mustine (BCNU) (B), vincristine (V), and adriamycin
(A) have so far been employed, the most common
associations being VBMCP (M-2 protocol), BMCP,
VCMP, VBAP, and VCAP.

The results of a non-randomized trial performed
at the Memorial Hospital in New York with the M-2
protocol, showing a 78% objective response rate and
a median survival of 38 months, were encouraging.26

However, four prospective randomized trials com-
paring the same M-2 protocol27-29 or one slight vari-
ant30 with MP, failed to show any significant survival
advantage for patients treated with the combination
chemotherapy, and in only one of them the com-
bined regimen produced a significantly higher
response rate (74 vs. 53%).29 In other prospective ran-
domized trials, the results with BCP31 or MCBP,32-34

were similar to those achieved with MP, except in the
study by Harley et al.33 where poor-prognosis patients
survived significantly longer when treated with
MCBP, while those with good prognosis fared better
when given MP.

In 1983, the SWOG reported significant improve-
ments in both the response rate and survival for
patients treated with VCMP/VBAP or VCMP/VCAP as
compared with those receiving MP.35 In a large series
recently reported by the MRC, the ABCM regimen also
increased both the proportion of patients reaching the
plateau phase and the survival, in comparison with
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melphalan alone.8 However, other randomized stud-
ies found no significant differences in survival of
patients treated with adriamycin-containing regimens
or MP,34,36-39 although in one of them a significantly
higher response rate in favor of combination chemo-
therapy was observed.39 In a non-randomized series
of 72 patients with MM who were younger than 40
years, combination chemotherapy produced a higher
response rate with no significant influence on sur-
vival.40 The Italian Multiple Myeloma Study Group has
recently stressed that conventional induction treat-
ments do not influence overall survival in MM.41 The
study by McIntyre et al.,42 showing that the use of a 70-
day tapering course of prednisone alone in good-risk
myeloma patients which results in a 44% objective
responses, has stimulated the investigation of high-
dose dexamethasone in previously untreated patients.
This primary treatment is simple and safe and yielded
a 43% objective response.43 However, its use either as
single agent or in combination with chemotherapy
(VAD) as front line therapy, has not resulted in signif-
icant prolongation of survival.12,25 In several trials, mel-
phalan has been administered intravenously.33,34,44

There is no evidence that pulsed intravenous low dose
melphalan is superior to oral melphalan in the treat-
ment of MM.33,34,44 Intravenous melphalan produces
a higher frequency of allergic reactions and is associ-
ated with higher myelotoxicity, particularly in patients
with renal function impairment.44 In summary, it
seems that combination chemotherapy can improve
the response rate but without creating a significant
improvement in survival.

In two pilot studies the administration of MP or
VBMCP plus IFN-a2b in previously untreated patients
resulted in a response rate, respectively, of 80% and
74%.45,46 Following these promising results, several
randomized studies comparing chemotherapy versus
chemotherapy plus IFN were carried out. In two of
them a higher response rate to the chemotherapy plus
IFN arm was observed.47,48 A third study showed a sig-
nificantly higher complete remission rate in patients
treated with BVMCP/INF-a2b as compared to those
given BVMCP alone, although the overall response
rate to chemotherapy was similar to that observed
with chemotherapy plus IFN.49 Other studies have
shown no increase in response rate in favor of the
chemotherapy plus IFN arm.50-55 Regarding survival, a
significant survival prolongation for the MP/IFN com-
bination versus MP alone was reported in one small
series.47 No other studies showed significant prolon-
gation of survival for patients treated with chemother-
apy plus IFN compared with those receiving chemo-
therapy alone.48-55

One of the reasons for the poor outcome of
patients with MM is the short duration of response.
In this regard, the median duration of response in all
the above mentioned studies ranged between one and
a half and two years. It is of note that the response
duration in MM seems to be independent of both the

induction treatment and the degree of initial
response.39 This has also been observed when more
intensive regimens, such as VAD12 or high dose mel-
phalan are used.11 Furthermore, the duration of
response after high-dose therapy/autotransplantation
exceeds the response duration achieved with conven-
tional chemotherapy by only a few months,56 and all
patients eventually relapse. In fact, the actuarial prob-
ability of being in continued first response at five years
after chemotherapy or autotransplantation ranges
between 14 and 28%.56,57 A meta-analysis of eighteen
published trials involving 3,814 patients comparing
MP versus combination chemotherapy suggested that
patients with good prognosis do better with MP,
whereas those with poor prognosis, as well as patients
with IgA myeloma, fare better with the combined
treatment.58 The results, which are still confidential,
of another meta-analysis of 27 trials also comparing
MP versus combination chemotherapy and including
6,633 patients, based on the individual patients’ data
from the Myeloma Trialists’ Collaborative Group in Oxford
have just been submitted for publication.59

Duration of initial chemotherapy and mainte-
nance treatment

After several months of treatment, myeloma
patients responding to chemotherapy enter into the
so-called plateau phase, characterized by the persis-
tence of residual disease that does not decrease,
regardless of whether or not patients are receiving
more chemotherapy.7 Clinically and biologically this
phase is very close to the quiescent state observed in
monoclonal gammopathy of undetermined signifi-
cance (MGUS) or SMM. The crucial difference
between MGUS and MM in stable plateau phase is
that in MM the residual malignant cells will lead to
relapse in virtually all cases, while only about 25% of
MGUS-individuals with evolve to MM, usually after a
long period of stability.

The ideal duration of initial chemotherapy is
unknown. In several randomized trials16,60,61 no dif-
ference in survival was found between patients receiv-
ing maintenance therapy, usually MP, and those who
were not given maintenance therapy. In addition,
chemotherapy maintenance increases the risk of
myelodysplasia or secondary leukemia.32 Sequential
hemibody irradiation for response consolidation has
also been tried with disappointing results.62 Initial
chemotherapy should be given for a minimum of 4 to
6 months after the plateau phase is achieved and for
a period of at least one year.

The most promising approach in the maintenance
treatment of MM is the administration of interferon-
a (IFN-a). The results of INF-a maintenance on
response duration and survival are, however, still con-
troversial.63 There are five randomized studies show-
ing a significant benefit from INF-a maintenance with
a prolongation in response duration, ranging from 5
to 12 months in favor of the INF-a arm.53,64-67 In con-
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trast, other trials have not shown longer response
duration in patients maintained with IFN-a.68,69 There
are two other trials, recently published in abstract
form, comparing the use of IFN-a versus no treat-
ment in patients in plateau phase after the initial
chemotherapy. In both studies IFN-a maintenance
significantly improved progression-free survival.70,71

Concerning survival, most studies have shown no sig-
nificant differences in patients maintained with IFN-
a as compared with the observation groups.52,65,67-71

However, two studies showed a significant survival
prolongation in favor of the IFN maintenance in
patients in objective response after the initial chemo-
therapy.53,64 In addition, a third study showed a sur-
vival benefit of borderline significance for the IFN
maintenance group when the statistical analysis was
performed after the adjustment for chance imbal-
ances in baseline prognostic factors.66

The inconveniences of IFN treatment, particularly
toxicity, that can result in a decrease in the quality of
life and the financial cost should be considered when
prescribing IFN maintenance. Concerning patients’
preferences, in an interview study, the majority of
patients would accept a treatment with the toxicity
and financial cost of IFN, if at least a 6-months gain
in relapse-free or overall survival was expected.72 In an
attempt to establish the role of IFN, both in induc-
tion and maintenance treatments, a large meta-
analysis, based on the individual patients’ data of
patients included in 24 IFN-a trials is being finished
by the Myeloma Trialists’ Collaborative Group in Oxford.

Two studies have shown encouraging results with
the association of IFN plus glucocorticoids as main-
tenance treatment of MM.68,73 In line with this obser-
vation, the preliminary results of a trial by the Italian
Myeloma Study Group comparing maintenance with
IFN alone versus IFN plus dexamethasone show a sig-
nificantly longer survival in patients receiving IFN plus
dexamethasone.74

The results of IFN maintenance after high-dose
therapy followed by stem cell rescue will be discussed
in the autologous transplant section of this review.

Treatment of resistant multiple myeloma
Patients with MM who either fail to respond (pri-

mary refractory) or become refractory to the alkylat-
ing treatment (relapsing refractory) have a low
response rate to subsequent chemotherapy and a
short survival. With the combination of vincristine,
BCNU, adriamycin, and prednisone (VBAP), response
rates of about 25%, as well as survival prolongation
for responding patients, have been reported.4,75 A
modification of the VBAP regimen, in which pred-
nisone was replaced by dexamethasone (VBAD), pro-
duced an overall response in more than one third of
the patients, the response rate being significantly
higher in primary resistant patients than in those
becoming resistant after a prior response.76 The high-
est response rate in patients with MM resistant to

alkylating agents has been reported with four-day
continuous infusion of vincristine and adriamycin,
along with high-dose dexamethasone.77 The major
shortcomings of this regimen are that vincristine and
adriamycin have to be given via a central venous
catheter and the significant steroid toxicity manifest-
ed by infections, myopathy and gastrointestinal
bleeding. Furthermore, the median duration of
response is less than one year. High-dose glucocorti-
coids, particularly dexamethasone, have also shown
antitumor activity in refractory MM with an expected
response rate of 20 to 25%.78 In this regard, VAD or
dexamethasone alone were equally effective in the
treatment of patients with primary refractory myelo-
ma, while VAD was better than dexamethasone alone
in relapsing refractory patients.78 A combination of
etoposide, dexamethasone, cytarabine and cisplatin
(EDAP) produced 40% of responses in heavily pre-
treated patients, but the myelosupression of this reg-
imen was extremely severe and the patients’ median
survival short.79 There are other regimens consisting of
cyclophosphamide/etoposide,80 cyclophosphamide/
teniposide/dexamethasone,81 or cyclophosphami-
de/dexamethasone/idarubicin/etoposide,82 usually
given with growth factors, which produce a high
response rate but the duration of response and sur-
vival are short. These regimens usually produce severe
myelosupression and are costly. It is important to
highlight that, when considering the treatment of
resistant myeloma, the inconveniences of therapy,
particularly toxicity, that can decrease the quality of
life, and cost must be weighed against a questionable
prolongation of survival when compared with more
conservative approaches. Hemibody irradiation can
produce transient subjective improvement and
decrease in the M-component size, but the hemato-
logic toxicity is severe.83

The results of treatment of relapsing or resistant
MM with IFN, used as a single agent, have been dis-
appointing, with an overall response rate ranging
from 10 to 20%.65 San Miguel et al.84 treated 51
refractory patients with IFN-a2b plus high-dose dex-
amethasone. Thirty-seven of them completed the 3
months induction period and 18 (48%) achieved an
objective or partial response. In contrast, Alexanian
et al.85 reported that the combination of either dex-
amethasone or VAD chemotherapy with IFN-a did
not improve the response duration and survival when
compared with historical results using dexametha-
sone or VAD chemotherapy alone.

Monotherapy with many different agents (hexam-
ethylmelamine, high-dose cytarabine, clorozotozin,
mitoxantrone, vincristine, vindesine, m-AMSA, VM-
26, deoxycoformycine, epirubicin, 2-clorodeoxyade-
nosine) has been tried with disappointing results.86,87

The vinca alkaloid vinorelbine has shown antitumor
activity in MM (unpublished data) and is being inves-
tigated in association with dexamethasone in pro-
spective trials. A multicenter study of oral idarubicin
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versus idarubicin plus dexamethasone is currently in
progress.

The failure of MM patients to respond to VAD may
be due to the expression of the multidrug resistant
phenotype. Multidrug resistance (MDR) is charac-
terized by the expression of glycoprotein p-170
encoded by the MDR-1 gene. Cells with p-170 glyco-
protein expression achieve lower intracellular drug
concentration. Attempts to prevent or overcome the
MDR in resistant myeloma with verapamil or quinine
have been disappointing.88 It was reported that clin-
ical resistance to VAD could be modulated by adding
cyclosporine to the chemotherapy regimen.89 How-
ever, in a subsequent study no association could be
demonstrated between response to VAD and MDR-
1 expression, suggesting that in MM there are other
mechanisms of resistant apart from MDR.90,91 The
efficacy of the association of VAD with the cyclo-
sporine analog PSC 833, which is a potent chemo-
sensitizer and is less nephrotoxic and immunosup-
pressive than cyclosporin A, in refractory myeloma is
investigated.

The administration of anti-interleukin-6 antibodies
to 10 patients with advanced MM resulted in the
inhibition of CRP production and in a decrease in
the plasma cell LI. However, this treatment had no
effect on the patients’ clinical status or in the amount
of M-protein.92

In summary, in patients with MM resistant to alky-
lating agents, VBAD or VAD seems to be the more
appropriate rescue regimen. In patients already resis-
tant to a rescue regimen with VAD or VBAD as well
as in those in whom these treatments are not feasi-
ble (very advanced age, poor performance status,
severe pancytopenia, cardiac disorders) we recom-
mend a conservative approach with alternate day
prednisone (30 mg), and pulsed dose cyclophos-

phamide (800 to 1200 mg) every 2 to 3 weeks. This
approach rarely produces objective responses but it
is a palliative treatment that can temporarily control
the disease with a very low toxicity.93,94

Autologous hemopoietic stem cell
transplantation

Introduction
Due to the limitations inherent to allogeneic stem

cell transplantation (SCT), such as age, donor avail-
ability and high toxicity, autologous-SCT has become
an encouraging alternative approach that allows the
use of myeloablative therapy with low toxicity and
mortality. Indeed, the mortality rate has fallen from
20% in the initial series to < 5% in more recent series,
probably due to better patient selection and also to
the shift from BM to PB as the source of stem cells
which has led to faster engraftment. This explains the
rapid expansion in the use of autologous-SCT which
is now offered to MM patients up to 70 years which
means that theoretically half of myeloma patients may
be candidates for such therapeutic approach.95-102

Here, we will review the role of auto-SCT in two
different situations: 1) as rescue therapy for refractory
(primary resistant and relapsed) MM patients, and 2)
as intensification treatment for patients who have
shown initial response to conventional chemothera-
py. Technical aspects such as the conditioning regi-
mens, source of stem cells, impact of purging and
residual disease will also be discussed.

Auto-SCT for refractory MM
Patients with refractory MM were the first candi-

dates for exploring the value of auto-SCT. The overall
results indicate that although intensive therapy
induces a high rate of CR, the duration of responses

Treatment of multiple myeloma

Table 1. Autologous stem cell transplantation in refractory multiple myeloma.

Author ref. n Type of Conditioning CR Total Toxic Progression free survival Overall survival
resistance regimen response deaths Median at 2 yr. Median at 2 yr.

Vesole106 72 Primary Various* 11% 62% 8% 21 m – 47 m –
63 Late Various* 8% 59% 14% 8 m – 15 m –

Alexanian97 26 Primary Various* 15% 65% 8% 17 m 31% 42 m 72%
23 Late Various* 0% 61% 17% 5 m 0% 18 m 23%

Selby104 15 Primary MF140 13% 63% 13% 7m 0% 10 m 32%

Tricot109 31 After Tx Various 22% – – – – 78% alive at 18 months

Vesole107 56 Primary MF200 + IFN 30% 35% 10% 9 m – 20 m -

Fermand103 8 Primary MF140 + hydroxyurea 25% 88% 12% NR 71% NR 88%
+ VP16 + TBI

Abbreviations: yr.: years; m: months; MF: Melphalan; Tx: Transplant; IFN: Interferon; TBI: Total Body Irradiation.
Various*: MF100 without transplantation, MF100 or Thiotepa + TBI, MF200. NR: not reached.
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is short.97,103-106 This high relapse rate together with
the high costs of transplants have put into question
the suitability of such an approach for this cohort of
patients. It is important, however, to recognize that
under the term refractory MM very different subsets of
patients are included: primary resistant, sensitive
relapses and resistant relapses. According to the data
of M.D. Anderson Cancer Center96 and the experience
of Fermand et al.,103 autologous-SCT is useful in
patients with primary resistant disease (65% to 88%
responses with 80% of patients alive at two years)
(Table 1). In line with these positive observations,
Vesole et al.106,107 have reported that the use of a dou-
ble transplant in primary refractory MM patients may
lead to a median PFS and OS of 21 and 47 months,
respectively. These data indicate that tumor resistance
could be overcome with high dose chemotherapy. For
this reason it is particularly important to identify
patients with primary resistant myeloma promptly in
order to avoid the emergence of new resistant cell
clones or more aggressive tumor subclones during dis-
ease evolution. In addition prolonged chemotherapy
damages the progenitor cells, and this may preclude
stem cell collection and can also increase the risk of
secondary MDS/AML.108 The benefit of transplanta-
tion is not so clear in patients at relapse, either sensi-
tive or resistant, since transplants performed during
late phases of the disease (i.e., more than one year
after diagnosis) have yielded very poor results.97,106

Nevertheless, preliminary results from two random-
ized studies (detailed description on next section, see
refs. #122 and 123) designed to compare auto-SCT
versus chemotherapy, but reserving the possibility of
salvage transplant for patients who relapse in the
chemotherapy arm, suggest that if the rescue trans-
plant is performed at a relatively early period, it can be
successful.

Since auto-SCT is performed with increasing fre-
quency for MM and relapses are very frequent, we
should now also consider a new type of refractory
MM: patients that relapse after autotransplantation.
Tricot et al.109 have reported on 94 of these patients in
order to evaluate the efficacy of further therapy. A new
transplant performed as primary salvage therapy was
associated with a significant survival prolongation as
compared to salvage with conventional chemothera-
py. Nevertheless, a patient selection bias may occur
within this cohort of patients, i.e., cases with poor PS
and advanced age may not be considered candidates
for transplantation. In addition, in Tricot’s study109 it
was found that in relapsed transplanted patients, the
presence of both a high pre-salvage b2M (>2.5) and
an early relapse after the first transplant (<12 months),
were unfavorable factors for OS.109

Auto-SCT as consolidation/intensification
therapy

In acute leukemias and lymphomas it is well estab-
lished that the first step for cure is the achievement of

complete remission (CR). In MM, the rate of CR with
conventional chemotherapy is very low (<5%).58 As
soon as initial studies in refractory MM showed that
toxicity of high dose therapy followed by stem cell
support was low, this strategy began to be used as
consolidation/intensification therapy in order to
obtain a response of higher quality after a short pro-
gram of conventional chemotherapy (3 to 4 courses)
– induction therapy. Tables 2 and 3 summarize some of
the most relevant published series using this strategy
either with autologous BM or PBSC. The overall
response rate is around 90% and, more importantly,
between 25% and 70% of these responses – median
50% – are CR.103,110-118 This variability in the CR rate
may be partially due to the criteria used for response
assessment and in this sense immunofixation should
be mandatory in order to assure the disappearance of
the paraprotein. In addition, it should be taken into
account that in some patients the clearance of the
paraprotein may be relatively slow – up to 6 months
or even more –,119 and that oligoclonal Ig bands may
emerge as a result of the expansion of a reactive cell
clone. The increase in CR rates has been accompanied
by a prolongation in PFS of up to 3 years in some
series (Tables 2 and 3), thereby increasing the PFS
usually obtained with conventional chemotherapy by
six to ten months. Although in most series the follow-
up is not long enough for a correct estimation of over-
all survival (OS), the projected median survival is
about 5 years with around 70% of patients alive at 3
years (Tables 2 and 3).110-114,116-118

Nevertheless, despite the apparent advantage of the
results of auto-SCT over conventional chemotherapy,
the results must be interpreted with caution since the
transplant series includes a patient bias: ≤ 70 years,
good performance status (PS), chemosensitive disease
and exclusion of early deaths. In fact, the Spanish
PETHEMA Cooperative Group56 reported that of 487
patients treated with conventional chemotherapy
(VCMP/VBAP or melphalan/prednisone), the 77 cas-
es that were < 65 years old, with good PS and initial
response to chemotherapy (candidates for intensifica-
tion with transplantation but who were conventional-
ly treated) displayed a median survival of 5 years, sim-
ilar to that reported with auto-SCT. In order to avoid
misinterpretations due to patient selection bias, Bar-
logie et al.120 compared their results with auto-PBSCT
with a pair matched group of patients retrospectively
selected from the SWOG trials (treated with conven-
tional therapy) and observed significant benefits for
the transplant group. However, there is no doubt that
the most appropriate way to perform such compar-
isons is through well-designed randomized trials. The
only randomized study so far reported is that con-
ducted by the Intergroupe Français du Myeloma,57 updat-
ed at the 1997 ASH meeting.121 The design of the
study, based on 200 patients, included four courses of
conventional treatment with VMCP/VBAP after which
the patients were randomized to receive either eight
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Table 2. Autologous bone marrow stem cell transplantation.

Progression free survival Overall survival

Author ref. No. Situation at Tx Conditioning % of CR % of total Toxic Median Median
regimen responses deaths (months) at 3 yr. at 5 yr. (months) at 3 yr. at 5 yr.

Gore113 503 post-VAMP MF-200 + ASCT (28) 50%2 74% 14% 18 20% – NR 78% –
MF140 alone (22)

Harousseau114 35 Untreated MF140 & ASCT 34%1/2 94% 6% 25 30% 0% 41 68% 29%
Responsive MF140±TBI & ASCT

Attal115 31 Responsive to VCMP MF-140+TBI+IFN 48%1 94% 3% NR 53% – NR 85% –

Jagannath111 19 Responsive to VAD MF-140 + TBI 37%2 95% 5% 20 – – 70% 54%
18 Responsive to VAD MF-200 (x2) 44%2 89% 0% NR 75% – NR 89% –

Cunningham117 53 Post-VAMP MF-200 75%1 98% 2% >20 – – >60 65% –
84 MF-200±IFN 77%1 – 0% NR 60% 50% NR – 87%

Harousseau144 61 Responsive MF-140 + TBI 36%1/2 82% 2% 28 28% – 42 50% –
20 Primary refractory

Alexanian96 45 Responsive to VAD MF-140 + TBI 45%2 89% 11% NR 58% – 50 77% –

Barlogie110 34 Responsive to VAD MF-140 + TBI 27%2 92% 6% 24 – – 66 67% –

IFM133 200 Responsive Single/Double Tx 33% – 57% at 2 yr. 67% at 2 yr.

Bjørkstrand183 189 143 responsive MF ±TBI ± Cy (156) 40% 86% 13% 23 28% 21% 34 45% 38%
46 unresponsive Various (33)

Attal59 100 Post-VCMP/VBAP MF-140 + TBI + IFN 22%1 81% 2% 28 40% 28% 57 75% 52%

Tx: Transplant; MF: Melphalan; ASCT: Autologous Stem Cell Transplantation; NR: Not reached; TBI: Total Body Irradiation; IFN: Interferon; CY: Cyclophosphamide.
1. CR not confirmed by immunofixation; 2. CR confirmed by immunofixation; 3. Calculations on intention to treat; 4. Those patients who achieved CR where previously treated
with IFN.

Table 3. Autologous peripheral blood stem cell transplantation.

Progression free survival Overall survival

Author ref. No. Mobilization Conditioning % CR % of global Toxic Median Median
regimen regimen responses deaths (months) at 3 yr. at 5 yr. (months) at 3 yr. at 5 yr.

Fermand103 39 Mega-CHOP MF-140 + TBI 51% 100% 15% – – – 60 m 65% –

Fermand122 63 Mega-CHOP HDC+TBI 20% 100% 11% 43 53% 42% 59 m 75% 54%

Jagannath111 119 Cy 6 g/m2+GM-CSF MF200 31% – 2% 37 – – NR 70% 62%

Harousseau144 51 Cy 7 g/m2 or MF140+TBI 37% 84% 6% 34 47% 35% 52 m 63% 40%
Mega-CHOP

Marit146 51 Cy 7 g/m2+GM MF140+TBI 44% 98% 2% – – – – 52% –

Jagannath131 231 Cy 6 g/m2+GM Double Tx° 38% 81% 7% 42 39% – 65 53% –

Björkstrand116 15 GM-CSF Double Tx° 53% 93% 7% NR 62% – NA 80% –

EBMT124 79 Various Double Tx 65% – – 38 – 71% at 4 yr.

Harousseau123 60 VCMP+MF+G-CSF MF + TBI 40% 93% – – – 79% at 2 yr.

Schlossman187 78 Various MF or Cy + TBI Purged SC 35% 95% 1% 25 – <20% 51 m 40%

Alegre125 259 Various MF200 or MF+TBI 51% 91% 4% 23 – – 35 m – –

MF: melphalan; TBI: total body irradiation; Cy: cyclophosphamide; Tx: transplant; m: months; NR: not reached; yr.: Year; SC: Stem cells; –: data unavailable;
HDC: carmustine (120 mg/m2), etoposide (250 mg/m2, x3) and melphalan (140 mg/m2) ± – in 26 patients – cyclophosphamide (60 mg/kg) . 
°First transplantation with MF200 and second with MF140+TBI.



additional courses of VMCP/VBAP or high-dose ther-
apy (melphalan 140 mg/m2 plus TBI) followed by
autologous BMT. The results show that auto-BMT
used as consolidation therapy is significantly superior
to chemotherapy in terms of CR (22% vs. 5%,
p<0.0001), PFS (median 28 vs. 18 months p<0.02)
(24% vs. 15% at 6 years p<0.01) and OS (median 57
vs. 42 months, p<0.03; 43% vs. 21% at 6 years,
p<0.03). Preliminary results of another randomized tri-
al conducted by Fermand et al.,122 including 167
patients led to slightly different results, since no signif-
icant differences were observed between the transplant
and the conventional VCMP arms (median OS of 58
months vs. not reached p=0.8) (OS at 2 years 80 % vs.
62 %). However, it should be noted that in this study,
as previously mentioned, relapsing patients from the
chemotherapy arm could be salvaged with auto-SCT.
In fact, this study raises the question of the alternative
approach of reserving the transplant until the time of
first relapse after chemotherapy. On the other hand, in
Fermand’s study122 the transplant arm was associated
with a longer period of time without any chemothera-
py, which suggests that such a therapeutic strategy may
be clinically beneficial, and they actually recommend
early rather than late transplant for young patients with
symptomatic MM. At the VI International Workshop on
Multiple Myeloma, Harousseau et al.123 presented pre-
liminary data of a randomized trial designed to explore
the optimal timing of autologous transplantation.
Patients received front line therapy with a combina-
tion of 3 cycles of conventional chemotherapy plus
high-dose melphalan (140 mg/m2) and G-CSF with-
out stem-cell support. Responding patients were ran-
domized to receive either an autologous BMT condi-
tioned with melphalan + TBI (60 cases), or mainte-
nance therapy with IFN (55 cases), reserving, in this
second arm, the autologous transplant as salvage ther-
apy for relapses should they occur. In the IFN group,
23 patients have already received the auto-BMT.
Although the follow-up is still short, the actuarial 2-
year-survival (79%±6 vs. 76%±2) does not show a sig-
nificant difference between the two approaches. Sev-
eral national trials (USA, Scandinavia, UK and Spain)
comparing conventional chemotherapy versus early
high-dose therapy intensification are in progress, which
will, it is to be hoped, help to clarify the role of auto-
SCT as intensification therapy in MM.

Although as we have previously mentioned, inten-
sification therapy with auto-SCT has led to an
increase in CR rates and prolongation in PFS and OS
in some series, relapses are still the major challenge.
The most widely used strategy for prolonging
response is the employment of IFN after auto-SCT. In
a randomized study including 84 patients, Cunning-
ham et al.117 showed that PFS was significantly longer
in patients under IFN maintenance than in those not
receiving IFN (46 vs. 27 months, p<0.03) and this
resulted in a significant prolongation in OS. Several
other non-randomized studies120,123 as well as the

European124 and Spanish125 BMT registries have also
shown the benefit of IFN in similar cohorts of
patients. Moreover, in order to improve the duration
of response some groups126 have combined IFN and
dexamethasone, due to the apparent synergism of
these two drugs.68,84 In addition bisphosphonates can
also be attractive drugs for MRD eradication, due to
their possible anti-tumor activity.127 Other experi-
mental strategies to reduce the incidence of relapses
after autologous transplantation are being investi-
gated and include: 1) the use of cyclosporine to
induce a GvHD-like process in an attempt to gener-
ate a graft-versus-myeloma effect,96,128 induction of a
T-cell immune response against idiotypic determi-
nants on the myelomatous cell clone, or vaccination
using autologous dendritic cells pulsed ex vivo with
tumor-specific idiotypic protein.129,130

Double transplants
The favorable results and low toxicity of PB-SCT

have stimulated the search for new transplant pro-
grams in an attempt to increase the response rate and
to reduce the relapse rate. The feasibility of using two
courses of myeloablative therapy was first demon-
strated in high-risk refractory MM patients,106,131 and
several double transplant programs were subsequent-
ly activated for newly diagnosed MM patients. The
widest experience in this field has been accumulated
by Barlogie et al. at the University of Arkansas102 and
is based on over 500 patients and a total therapy pro-
gram including: three non-cross-resistant induction
regimens (VAD x2, HD-CTX + GM-CSF with subse-
quent PB stem cell collection and EDAP) followed by
a first transplant with melphalan 200 mg/m2 and a
second transplant with melphalan 140 mg/m2 + TBI
or again melphalan 200 mg/m2. The updated results
reported in December 1997 at the ASH meeting131

showed that 71% of enrolled patients (231 subjects)
proceeded to the second transplant within 5 months.
The treatment related mortality was 7%. The CR rate
increased from 15% at the end of induction to 29%
and 38% after the first and second transplant, respec-
tively. The median PFS and OS in patients receiving
the two transplants was 42 and 65 months, respec-
tively. From multivariate analysis the occurrence of two
transplants emerged as the most important prognos-
tic factor, even more relevant than cytogenetics.

The Spanish co-operative group GEL/TAMO132 use
the same regimen for the first transplant, but
cyclophosphamide, BCNU and VP16 for the second.
Out of 42 patients, 85% achieved CR with OS of 54+
months and only 5% toxic deaths.

The EBMT124 has collected 79 patients who com-
pleted two transplants and compared them with a
cross-matched series of patients who received a single
transplant. The CR rate was slightly better in the dou-
ble transplant group (65% vs. 49% p=0.01) as was the
median PFS (38 vs. 24 months, p=0.01). The OS for
patients receiving double or single transplants was
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71% vs. 47% at 4 years post-transplantation (p=0.16).
At present the IFM group133 is conducting a ran-

domized trial comparing, after 3-4 cycles of VAD, sin-
gle transplant (melphalan 140-TBI) with double
transplant (melphalan 140 mg/m2 in the first proce-
dure and melphalan 140-TBI in the second). Four
hundred untreated MM patients have been enrolled
and a partial analysis of the first 200 patients with a
median follow-up of 2 years shows no differences in
CR rate (32% vs. 33%), EFS (54% vs. 57% at two
years) or OS (71% vs. 67% at two years).

Source of stem cells, mobilization schemes
and number of CD34 cells

The issue of the optimal source of stem cells – bone
marrow or peripheral blood – is not a subject of debate
since the use of peripheral blood has been adopted
universally. The advantages of PB are: i) the numbers
of tumor cells are lower in PB than in BM,134-137

although circulating clonotypic cells have been
detected by PCR and immunophenotyping and ii)
engraftment is more rapid and consequently trans-
plant related morbidity and costs are lower.138-140 This
fact was confirmed at the 1997 ASH meeting by the
French Intergroup123 through a randomized study com-
paring BM (78 cases) and PB (84 cases). PBSCT was
associated with a significant reduction in the dura-
tion of aplasia and transfusion requirements, without
impact on survival.

A more controversial issue is the optimal method
for stem cell mobilization.141 As shown in Table 3 the
most common procedure includes the combination
of high dose cyclophosphamide (HC-CTX) (2.5-
7g/m2) and G or GM-CSF.142-146 The Spanish group
has, however, recently demonstrated the efficacy of
using G-CSF with no chemotherapy for stem cell col-
lection with almost no toxicity.125 Concordant with
this latter data, the Arkansas group147 has shown,
through a randomized study, that although the com-
bination of HC-CTX with G-CSF generated a higher
number of CD34 cells as compared to only G-CSF,
there was no difference in the number of patients
from whom sufficient numbers of stem cells for trans-
plantation were collected. Moreover, in the HC-CTX
arm a significantly higher toxicity (neutropenia and
anemia) was observed, resulting in higher costs for
the procedure. Demier et al.148 reported that the com-
bination of CTX (4 g/m2) and etoposide (200
mg/m2/day, 3 days) with G-CSF (10 mg/kg/day) is
superior to CTX plus G/GM-CSF or G-CSF alone. In
addition, they observed that a higher dose of G-CSF
(16-32 µg/kg/day) can be useful in MM patients fail-
ing an initial mobilization regimen. There is now clear
evidence that the duration of previous chemotherapy,
exposure to alkylating agents or nitrosoureas, or pri-
or radiotherapy are important predictors of PBSC
yield.56,148 Accordingly, our strategy is to reserve com-
bination treatments for patients heavily pre-treated
or for cases in which CD34 selection is planned, and

to use G-CSF alone for the remaining patients.
The number of CD34+ cells necessary to ensure

engraftment varies depending on both the method
used for CD34 quantification and the clinical setting.
In our experience the figures are usually overestimat-
ed because the CD34 counts are not restricted to the
CD34+ cells with high intensity of fluorescence
although these are probably the most important for
engrafment.149 Moreover, Tricot et al.118 reported that
patients previously treated for long periods (>2 years)
require double the number of CD34+ cells to ensure
a stable engraftment (53106 CD34 cells/kg).

Conditioning regimen
A major goal for transplantation is to identify the

myeloablative therapy that best combines low toxici-
ty with high anti-tumor effect. The most widely used
schemes include: 1) high dose melphalan (200
mg/m2) as a single agent or 2) combination of total
body irradiation (TBI) (800 to 1350 cGy) associated
with melphalan (140 mg/m2). The benefit of adding
TBI is not clear according to the published data,
which often proves to be somewhat contradicto-
ry.110,116,118,142,150-152 For instance, in 1993, the Arkansas
Group suggested that addition of TBI increased the
efficacy of melphalan,150 while two years later the
same group reported a slight benefit for patients con-
ditioned with melphalan alone, particularly in terms
of a lower toxicity.110,118 Goldschmidt et al.151 have
shown that the rate of CR or PR is not significantly dif-
ferent upon using TBI+HD melphalan or HD mel-
phalan alone. Interestingly, at the European registry it
was found that the use of TBI is associated with poor
outcome.152 In double transplants the conventional
scheme includes the use of high dose melphalan in the
first transplant and TBI plus melphalan in the sec-
ond.116,142 Nevertheless, an interesting recent report
presented at the 1997 ASH meeting by the Arkansas
group,153 compared melphalan 200 mg/m2 with mel-
phalan-TBI or melphalan-cyclophosphamide as con-
ditioning regimens for the second transplant in
patients who are already in PR after the first trans-
plant. Results indicate a significant benefit in terms of
OS and EFS for patients treated with melphalan-200.
The lack of radiotherapy facilities at some centers will
hamper the design of large randomized trials which
would be the only appropriate way to clarify the role
of TBI in the preparative regimen.

Several alternative regimens are being investigated
in MM. Since busulfan may have a similar activity to
TBI for myeloablation, regimens combining melpha-
lan and busulfan154,155 have been designed, showing
an efficacy similar to high dose melphalan, although
the series of patients and follow-ups are too short to
reach firm conclusions. Other reported regimens156-160

are shown in Table 4 and include the combination of
thiotepa, busulfan and cyclophosphamide;156,157 da-
carbazine, cyclophosphamide, carmustine and eto-
poside;158 busulfan, and melphalan;154,155 busulfan,
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cyclophosphamide and TBI159 or carboplatin, cyclo-
phosphamide and etoposide.160 Probably one impor-
tant task for the large co-operative groups will be to
investigate the optimal ablative regimen through
appropriate randomized trials.

Tumor cell contamination
The two major obstacles when comparing autolo-

gous with allogeneic SCT are the possible contami-
nation of stem cells with myelomatous cells and the
lack of graft vs. myeloma effect. There is evidence that
autologous harvested cells, obtained from either BM
or PB, are contaminated by myelomatous cells
(including both PC and clonal B lymphocytes). Thus,
at the VI Workshop on Multiple Myeloma, Corradini et al.
confirmed previous studies135 showing that using
allele-specific oligonucleotide (ASO)-PCR, 96% of the
collections (24 out of 25) were contaminated by
clonal tumor cells. Using IgH fingerprinting, which is
around two logs less sensitive than other PCR tech-
niques, Bird et al.161 found contamination in 60%
(14/32) of the samples. In line with these observa-
tions, both Witzig et al.162 and Pope et al.163 have
reported contamination by immunologic methods in
60% of the cases. As previously mentioned, studies
comparing PB vs. BM collections have shown that
the former are usually less contaminated by tumor
cells (from 2 to 23105 fewer myelomatous PCR+
cells, median 100 times less).136,137 Accordingly, PB
would be the source of choice for stem cell harvest.
However, questions regarding the influence of the
mobilization regimen and time of collection still need
to be clarified. It has been suggested that the num-
ber of malignant cells increases in the last days of
apheresis (e.g. days 5 and 6) while the highest pro-
portions of normal hematopoietic progenitor cells
are collected early during apheresis (within the first
two days),164 but studies in this field are still scanty.

Because tumor cells are present in virtually all PBSC
harvests, it is conceivable that autografted myeloma

cells contribute to relapse after auto-transplants. In
order to reduce contamination, two possible
approaches can be used: 1) depletion of malignant
cells with monoclonal antibodies (MoAb) directed
against antigens expressed on the malignant cells in
which the MoAb are conjugated with complement,
immunotoxins or magnetic beads, and 2) positive
selection of CD34+ cells. The first approach is rather
complicated since the myelomatous clone includes a
spectrum from mature PC, identified by markers such
as CD38 and CD138, up to immature B cells that
express the CD19 and CD20 antigens. Accordingly,
several cocktails of MoAb have been used: anti
CD10, CD19, PCA-1 or anti-CD10, CD19, CD20,
CD23 and although they were able to produce a
tumor reduction of at least 3 log, PCR analysis con-
firmed the persistence of residual clonal cells within
autografts.165,166

Regarding CD34 selection, although Pilarsky’s
group reported that the CD34+ cell fraction may har-
bor a small subset of clonal myelomatous cells,167

most studies indicate that CD34+ cells are not part of
the malignant clone as assessed by PCR or immuno-
phenotypic analysis135,164,168-170 and therefore their
selection would offer an adequate purging strategy.
Preliminary studies showed that CD34+ selection led
to between 1.5 and 6.0 (median 3.1) log reduction
in tumor cell contamination.126,171 Moreover, it has
been shown that in half of the patients who undergo
CD34 selection, tumor cells become undetectable
according to sensitivity of the PCR-assay.171 This pos-
itive result has stimulated several trials using this
approach both in Europe and USA, but the initial
impression is that the impact of CD34+ selection on
disease outcome will be marginal, although defini-
tive results are still pending. If these observations are
finally confirmed, they would indicate that relapses in
MM are mainly due to the lack of efficacy of the mye-
loablative regimens in eradicating the malignant
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Table 4. Other conditioning regimens.

Progression free survival Overall survival

Authorref No. Type of Conditioning % CR Global Toxic Median Median
diseasae regimen response deaths (months) at 1 yr. at 3 yr. (months) at 1 yr. at 3 yr.

Reece154 8 untreated Bu+MF+Purged BM 25% 88% 12% NR 100% – NR 88% –

Dimopoulos157 40 various Thiotepa+Bu+Cy 25% 65% 13% NR 72% – NR – –

Alegre155 24 responsive Bu+MF 58% 38% 4% NR 74% – NR 100% 86%

Bensinger179 63 44 refractory Bu+Cy±TBI 30% 66% 25% – – 30% – – 46%
19 responsive

Schiller174 37 responsive Bu+Cy+CD34 selection 15% 87% 0% 67% at 1 yr. 68% at 1 yr.

Adkins158 31 relapsed or Cy+BCNU+VP16+DTIC 52% 68% 18% – 42% – – 70% –
refractory

Long160 34 responsive Cy+VP16±TBI or BCNU 34% 87% 6% – – 26% – – 36%

Bu: busulfan; MF: melphalan; BM: bone marrow; Cy: cyclophosphamide; TBI: total body irradiation; DICT: dacarbazine.



clone, and not to the graft contamination that was
theoretically eliminated by the CD34+ selection.
Moreover, most, if not all autografted patients
remain PCR+ after autologous-SCT,135,172 while mol-
ecular remission, assessed by IgH fingerprinting, has
been reported with double transplant programs,116

which again points out the important role of chemo-
therapy for eradicating residual tumor cells. Interest-
ingly, PCR negativity can be achieved by allogeneic
BMT173 which suggests that the graft-versus-myeloma
effect may play an important role in eliminating min-
imal residual disease and therefore immunization
strategies that would mimick this effect following
autografting should be actively investigated.128,129

Finally, when considering CD34+ selection it is
important to balance the potential therapeutic bene-
fit of tumor cell depletion against the delay observed
in hemopoietic174 and particularly immune recovery.175

Prognostic factors
When discussing a new therapeutic option it is

always important to have models to predict which
patients are more likely to benefit from its use, thus
avoiding the financial and emotional burden imposed
on those unlikely to respond. In this area, it would also
be desirable to have predictive models to individualize
the choice between chemotherapy and autologous
SCT in MM patients as well as between allogeneic and
autologous transplants in young patients.

An obvious question when using high dose chemo-
therapy is whether prognostic factors differ from
those identified under conventional chemotherapy.
Preliminary data suggest that they are similar. The
Arkansas University group150,176 initially identified low
b2M levels, low CRP, less prior therapy, and Ig isotype
other than IgA as independent favorable variables for
overall survival (OS) and disease free survival (DFS).
In addition, age <50 years, ECOG <2, and stages I/II
were also positive factors, but only in univariate
analysis. In a more recent study, the same group
showed that abnormalities in chromosomes 11q and
13 were associated with a poorer outcome in patients
receiving tandem autologous transplants: EFS (21 vs.
50 m. p=.0001) OS (34 vs. +62, p=.001).120,177 In a
landmark analysis, CR was a significant favorable
parameter for both EFS and OS (p=.0001). At the
EBMT,178 it was found that stage I, to be in CR before
transplant, one line of therapy, age < 45, and low
b2M were all favorable factors. In the experience of
Bensinger et al.179 low b2M levels, less than 3 years
from diagnosis to transplant, fewer cycles of chemo-
therapy and absence of previous radiotherapy were
identified as favorable prognostic factors. Similar
results were obtained in the Spanish registry:125 longer
overall survival was associated with one line of ther-
apy, response status pre-transplantation and use of
IFN maintenance. Interestingly, neither the use of TBI
in the conditioning regimen nor the use of growth
factors alone for stem cell mobilization had prog-

nostic influence. Controversial results exist on the
influence of LI, since Boccadoro180  suggested that its
adverse effect disappears with high dose therapy,
while at the Mayo Clinic, Gertz et al.181 have recently
shown that a high LI as well as the presence of circu-
lating monoclonal PC in the blood stem cell harvest
were all associated with shortened survival after
transplantation. Interestingly, in both studies, b2M
retained its adverse prognostic influence. Other new
prognostic factors such as IL-6, sIL-6R or CRP are
under evaluation in ongoing studies and may also
help to identify the patients most likely to benefit
from autologous transplant.

Allogeneic transplantation in multiple
myeloma

Allogeneic BMT is an attractive option in MM
patients, since it offers the possibility of using mye-
loablative therapy followed by rescue with healthy
stem cells which have not been exposed to chemo-
therapeutic agents and are free of contaminating
tumor cells. In addition, the potential graft-versus-
myeloma effect of allogeneic cells may contribute to
the elimination of residual tumor cells that have been
resistant to the conditioning regimen, increasing the
chances of cure in MM patients.182

Clinical results with allogeneic bone marrow
transplantation

Since MM frequently affects patients of advanced
aged (median age around 65 years) and only 25-35%
of patients have a related donor, allogeneic BMT can
only be offered to a low percentage of patients with
MM, not more than 10%. Consequently, the number
of cases so far reported is still relatively small. How-
ever, through national and international registries,
the results of three series including more than one
hundred transplanted patients have been reported
(Table 5).110,183-195 Although the marked heterogene-
ity of these series makes the evaluation of the results
difficult, it is remarkable that all these series show a
high transplant-related mortality (TRM), (>40%).
Some centers have recently reported a TRM as low as
8% (Table 5), but in the two largest series from sin-
gle centers, Seattle186 (80 patients) and Little Rock185

(97 patients), there is an early mortality (within the
first 60-90 days after transplantation) of 22% and
26%, and the overall TRM is 54% and 57%, respec-
tively (Table 5). The major causes of TRM are bacte-
rial and fungal infections, interstitial pneumonitis
and acute GvHD, which in the experience of the
EBMT were responsible for 18%, 17% and 10% of the
deaths, respectively.196,197 In addition, studies with
long follow-ups have shown that chronic GVHD is
also an important factor.183,185,186

Efforts have been made to establish whether the
conditioning regimen could be a reason for this high
toxicity. It has been suggested that preparative regi-
mens including TBI are associated with higher TRM.185
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However, in the Seattle experience, the frequency of
veno-occlusive disease was higher in patients who
received busulfan and cyclophosphamide than with
other regimens which usually included TBI.198

Although the CR rate obtained in most series is rel-
atively high (26 to 78%) (Table 5), most patients
eventually relapse. Thus, in the EBMT registry the pre-
dicted progression free survival for those patients
achieving CR after allogeneic BMT was only 34% at
6 years, with only nine out of 162 patients remaining
in continuous CR more than 4 years after transplan-
tation.196 The results from other registries are similar
(Table 5), as are the results from single center reports,
in which PFS of the whole series ranges from 20% at
4.5 years in Seattle186 and Boston187 to 12% at 3 years
in Little Rock.185 With those relapse rates, together
with the high TRM, it is not surprising that the over-
all survival (OS) is relatively short. Thus, in the EBMT
registry, the reported OS is around 30% at 5 years
(28% at 7 years),183 and seems to be similar in single
center studies, ranging between 18% and 38% at
three years (Table 5).

The information about syngeneic transplantation
in MM is scanty. The widest experience comes from
Seattle,199 where 11 patients were treated: two of
them remain disease free at 9 and 15 years post-
transplantation.

Reducing transplant-related toxicity
As we have previously stated, in the past years a

high TRM has been reported. This could be mainly
due to poor patient selection and late timing of the
procedure. GVHD and infections are also important
factors contributing to TRM which deserve further
efforts in order to reduce the toxicity of the proce-
dure.200-202

In other disorders it has been shown that the use of
growth factors (either for the mobilization of donor
stem cells or for reducing the aplasia period) is asso-
ciated with a reduction in the number of neutropenic
days and the need for antibiotics.203,204 Moreover, the
employment G-CSF has allowed the development of
new strategies for allografting, such as the use of allo-
geneic peripheral blood stem cells (allo-PBSC)
obtained by leukapheresis after stimulation of the
donor progenitor cells.205 The Italian group trans-
planted ten MM patients with allo-PBSC, who took a
median of 13 days to recover 0.5 granulocytes
3109/L, with 10% of deaths before day +100 and 20%
total TRM;206 the short recovery time contributed to
a reduction in the risk of serious infections.

Ex vivo treatments of the stem cells harvested can
also be of value in order to reduce transplant related
toxicity. In the series from Little Rock,185 T-cell deple-
tion was associated with a favorable outcome. In an
update of their series,165,207 the Dana Farber group in
Boston reported a TRM of only 8% in 52 MM
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Table 5. Sibling HLA-matched allografts for multiple myeloma.

Group ref Patients Regimen Early deaths* Transplant related Complete Progression Free Overall
deaths remission° survival survival

IBMTR110 208 various 41% – 35% 35% at 3 yr. 40% at 3 yr.

EBMT183 189 Cy + TBI ± MF 20% 41% 49% 30% at 3 yr. 38% at 3 yr.
20% at 5 yr. 30% at 5 yr.

SFGM184 137 various – 43% 51%* 33 months 28% at 5 yr.

Little Rock185 97 various 26% 54% 26% 12% at 3 yr. 18% at 3 yr.

Seatle186 80 Bu + Cy ± TBI 22% 57% 38% 20% at 4.5 yr. 24% at 4.5 yr.

Boston187 52 MF + TBI 8% 8% 29% 40% at 3 yr. 20% at 4 yr.

Bologna188 62 Bu + Cy
TBI + MF 18% 42% 34% 38% at 5 yr. 15% at 8 yr.

Vancouver189 26 Bu + Cy ± MF
Cy + TBI 19% 35% 56% 40% at 3 yr. 47% at 3 yr.

Royal Marsden190 24 MF or CY + TBI
Bu + Cy 46% 54% 42% 46% at 2 yr. 42% at 3 yr.

Baltimore191 23 Bu + Cy 22% 26% 61% 43% at 3.5 yr. 48% at 3 yr.

Toronto192 22 Cy + TBI 27% 54% 45% 21% at 3 yr. 30% at 3 yr.
Bu + Cy

Nottingham193 13 TBI + MF 15% 23% 78% 69% at 3 yr. 69% at 3 yr.

Wayne194 10 Cy + TBI 20% 20% 40% – 42% at 3 yr.

Halifax195 10 Bu + Cy + MF 10% 30% 60% 50% at 2 yr. 60% at 2 yr.

Bu: busulfan; MF: melphalan; Cy: cyclophosphamide; TBI: total body irradiation; *deaths occurred before 60 to 100 days post-transplantation; °percentages cal-
culated over the total number of patients (including those considered as not evaluable by the authors).



patients transplanted with allogeneic T-cell (CD6+)
depleted cells.187 These encouraging results support
the use of ex vivo manipulations of allogeneic stem
cells in MM, not only through T-cell negative selec-
tion but also through CD34+ positive selection, which
also leads to a T-cell depletion. However, the PFR
was relatively low in this series (20% at ≥4 years),
which may be due to a partial loss of the graft-versus-
myeloma effect, indicating that a balance between
reduction of GVHD and maintenance of GVM effect
should be achieved. 

In summary, we now have several tools which are
expected to decrease the allo-BMT toxicity, and make
this therapeutic approach more feasible.

Reducing the risk of relapse
(graft-versus-myeloma effect)

Several clinical reports have demonstrated that
patients with MM after allogeneic BMT can achieve
clinical remissions using donor lymphocyte infusions
(DLI). This has been the definitive proof of the exis-
tence of a graft-versus-myeloma (GVM) effect.208-211

DLI were able to induce clinical remissions in 4 allo-
grafted patients who had relapsed, even in a case
with extramedullary plasmacytomas.209-211

These findings have prompted several trials using
DLI to treat, or even to prevent, relapses in
MM.187,212,213 However, it should be taken into con-
sideration, that in acute leukemias DLI were associ-
ated with an increase in the incidence and severity of
GVHD,126,127 and, as previously mentioned, GVHD is
a major lifethreatening complication in MM. Never-
theless, there is already evidence that suggests a dif-
ferent mechanism for GVL and GVHD, which makes
it possible to seek out strategies that could reduce
GVHD without affecting the GVL effect, such as CD8+

T-cell depletion. Thus, the group from the Dana Far-
ber Cancer Institute,187 has treated seven MM
patients, who were in relapse after allogeneic CD6+ T-
cell depleted BMT, with donor CD4+ cells (CD8+ T-
cell depleted). One patient died due to progressive
disease 3 weeks after DLI and six are alive after a
mean of 39 weeks from DLI (10-72 weeks). In five of
them, the myeloma responded, including three com-
plete remissions. Of the four responders, one did not
develop GvHD while the other three had cutaneous
GvHD, and two of them also had liver involvement.
These results illustrate that using appropriate T cell
selection, the GVM effect can be preserved while the
GvHD is partially abrogated.

An additional strategy for improving the outcome
in MM patients after allogeneic BMT is to a induce
specific immune response against tumor cells in order
to treat the minimal residual disease which may
remain after transplantation. Kwack et al.216 immu-
nized a donor against the patient’s idiotype protein
and were able to transfer this donor immunity to the
patient at the time of allografting. The effect was
mainly evidenced through the recovery of a CD4+ T-

cell line in the patient derived from the donor
(demonstrated by in situ hybridization), which prolif-
erated specifically to idiotypic protein used as an
immunogen.

Finally, other strategies to avoid relapses after allo-
geneic BMT, such as immunotherapy or maintenance
treatment, can also be applied to MM. In this way,
the EBMT registry has already provided data which
would support the use of interferon as maintenance
therapy in MM after BMT.217

These attractive new strategies have provided the
basis for future experiments directed towards induc-
ing a GVM specific effect which could reduce the high
relapse rate still present in MM after allo-BMT.

Prognostic factors for allografted MM patients
Due to the high toxicity of allogeneic BMT, identi-

fication of prognostic factors associated with favor-
able outcome would be very useful in order to iden-
tify those patients who could be cured or who could
obtain a real benefit from such a therapeutic option.
To this end, several studies have been carried out.
The largest is that of the EBMT registry,196 in which
favorable pre-BMT variables for both response to and
survival after BMT were female sex, IgA myeloma, low
serum b2-microblobulin, stage I at diagnosis, having
received one line of previous treatment and being in
CR prior to BMT. In contrast, no significant differ-
ences were seen regarding age (≥40 or <40 years),
time from diagnosis to transplantation or condi-
tioning regimen. In the Seattle series,186 the following
adverse prognostic factors were recognized: trans-
plantation more than one year after diagnosis, b2-
microglobulin >2.5 mg/L, female patients trans-
planted from male donors, having received more
than eight cycles of chemotherapy, and Durie-
Salmon stage III disease at the time of BMT. The
group from Little Rock has also recently published
their results from 97 MM allografted patients.185 They
found that a poor overall survival was associated with
a LDH >190 U/L pre-BMT and total body irradiation
used in the conditioning regimen. These findings
seemed to be due to the association of high LDH val-
ues with resistant disease and to the toxicity of TBI.
A short event-free survival was associated with LDH
>190 U/L and strategies in which graft T-cell deple-
tion was not included, while a poor response to the
therapy was related to b2-microglobulin >2.5 mg/L
and LDH >190 U/L. Interestingly, the use of prior
autografts did not result in poorer results after the
allo-BMT, which could be a good reason for indicat-
ing first an auto-SCT and then, if relapse occurs, pro-
ceeding with allogeneic BMT.

Allogeneic or autologous stem cell 
transplantation?

In patients under 55 years of age with a compati-
ble sibling donor, a challenging decision is whether to
choose an autologous or allogeneic transplant. As
we have seen in this review, the progression free and
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overall survivals are not very different between allo-
geneic and autologous stem cell transplantation in
MM, and in fact could be even worse in the former
group. Nevertheless, up to date there have been no
prospective, randomized studies comparing both
strategies. The EBMT registry published a retrospec-
tive, case-matched, comparative study between 189
allografted and 189 autografted patients.183 In this
study, a lower relapse rate was found for allo-BMT
compared to auto-BMT, which resulted in a trend
towards better PFS, but this effect did not compen-
sate for the higher TRM found in the former group
(41% vs. 13%, p=0.0001) and the median OS was
finally longer in the auto-BMT group (34 vs. 18
months, p=0.0003). However, considering only those
patients who were alive more than one year post-
transplantation (excluding the majority of toxic
deaths), the allo-BMT achieved a better progression-
free survival (p=0.02) and a trend towards better
long-term survival (p=0.09). More recently, the group
from Little Rock also compared autologous versus
allogeneic BMT in a retrospective analysis of two
selected matched populations, including 40 patients
in each one.218 Again, the survival was superior in the
autologous group due to the TRM, which was 33%
for the allografts and 5% in the autografts (p=0.003),
without any difference in the CR rate between groups
(35% auto, 43% allo; p=0.65). However, we should
not forget that in these two studies, the allogeneic
transplantations were usually performed without the
above mentioned alternative approaches to reduce
the toxicity of the grafts. Nevertheless, in the series of
the Dana Farber group, although the TRM was sig-
nificantly reduced upon using T-cell depleted prod-
ucts,187 this did not translate into a significant bene-
fit in PFS and OS in comparison with auto-SCT.
Based on these results, it could be argued that the
impact on survival of using uncontaminated allo-
geneic stem cells and the GVM effect is apparently
marginal, and the counterbalance of the high TRM of
allogeneic BMT would be an important argument in
favor of autologous instead of allogeneic transplan-
tation. However, it is important to remember that
while PCR negativity can be achieved by allogeneic
BMT, most, if not all autografted patients remain
PCR+. At present, 10 to 20% of patients undergoing
allogeneic transplantation are long survivors with no
evidence of disease and are probably cured.

Still, all these findings are not enough to confirm
which approach is better in MM, and the answer to
this question will only be obtained after prospective
randomized studies which compare the two sources
of stem cells directly, particularly when using specif-
ic protocols to reduce GVHD.

Supportive therapy
As we have already discussed, the most important

factor for prolonging survival in MM is a successful
treatment that reduces the malignant tumor clone as

much as possible. Nevertheless, it has become evi-
dent that some disease complications, which may be
the first signs heralding the presence of MM and
which may have an important prognostic impact,
require other specific therapeutic measures.

Anemia
In most patients anemia usually improves when the

myeloma responds to chemotherapy. If this is not the
case, there are have two possibilities: red cell trans-
fusion or erythropoietin (EPO). The first choice has
several inherent risks: viral transmission, allergic reac-
tions and iron overload. EPO increases BM erythroid
function by stimulating the expansion of erythroid
progenitor cells and decreasing BFU-E and CFU-E
apoptosis. MM patients may have either insufficient
EPO production or a diminished proliferative
response of erythropoietic cells to normal or even
high levels of EPO. These latter patients are unlikely
to respond while the first group, which is associated
with low EPO levels, will probably benefit from exoge-
nous EPO replacement.

Several clinical trials have shown the value of
recombinant human EPO in MM patients.219-223 The
response rate (assessed by an increase in Hb level of
at least 2 g/dL and reduction of red-blood-cell trans-
fusions) ranges between 52% and 80%. The usual
dose is 5,000-10,000 U/day or 150-300 U/Kg three
times weekly. Interestingly, in patients with normal
platelet counts (good residual hematopoiesis), the
dose of EPO required is usually lower. In responding
patients, the dose of EPO can be reduced for main-
tenance treatment but disease progression and infec-
tious episodes lead to a loss of EPO sensitivity. It
should be remembered that iron supplementation is
generally necessary during EPO treatment since iron
depletion usually occurs.224

In spite of the benefits derived from EPO treatment,
the relatively high price of EPO means that it is impor-
tant to set criteria for optimizing clinical decision-
making. In most studies the criteria for predicting
response are coincidental.219,220,225 Accordingly, in the
algorithm derived from Cazzola’s study,219 patients
with an EPO serum level <50 mU/mL at diagnosis, or
those who show an increase in the Hb levels >0.3
g/dL after two weeks of treatment, have a probabili-
ty of response of 72% and 80%, respectively.

Renal failure
One of the most important prognostic factors in

MM is renal insufficiency. Renal failure in MM is
often multifactorial but urinary light chain excretion
and/or hypercalcemia are the most important fac-
tors, present in 90% of cases. Other causes include:
amyloidosis, infiltration of kidney by PCs, hyper-
uricemia, infections, dehydration and the use of
nephrotoxic antibiotics.226 Moderate renal failure can
generally be reversed by the combined use of active
hydration (3-5 L/day), sodium bicarbonate, diuretics
and allopurinol together with chemotherapy.227 In

50 J. F. San Miguel et al.



51

these patients, it is important to avoid nephrotoxic
cytostatic drugs and antibiotics. In MM patients with
severe renal failure (2-10% of cases), dialysis
employed simultaneously with chemotherapy has
resulted in a marked improvement in the renal func-
tion of some of the patients, to the point where dial-
ysis can be discontinued in some cases. However, in
most of these patients, long-term dialysis will be
required.228 This should be offered to patients with
severe irreversible uremia in whom the myeloma has
responded to chemotherapy, but not to patients with
progressive MM. In a recent study, the factors asso-
ciated with reversibility of renal failure were: serum
creatinine level (< 4 mg/dL), amount of proteinuria
(< 1 g/24 hours) and the presence of hypercalcemia
(≥ 11.5 mg/dL).229

Bone lesions and bisphosphonates
The management of bone disease depends on the

severity of the lesions and sometimes requires a mul-
tidisciplinary approach with collaboration of ortho-
pedics and/or neurosurgeons.227 Physical activity
should be encouraged in order to avoid increased
osteoporosis. Analgesics must be adapted to the
degree of pain, from paracetamol up to morphine,
and in severe back pain, due to vertebral compression
fractures, they can be combined with non-steroid
anti-inflammatory drugs and/or muscle relaxants.
External spine supports (corsets, braces) may help
patients with lumbar or thoracic vertebral compres-
sion fractures. Radiation therapy has two major indi-
cations: 1) relief of severe localized pain and 2) treat-
ment of spinal cord compression. In the first case it
is administered at a dosage of 3000cGy over 10 days.
Radiotherapy may also be required in areas of exten-
sive osteolysis at high risk of pathological fracture
(e.g. femur or pelvis). In cases with paraplegia or
signs of spinal cord compression, emergency radi-
ographic examinations (MRI) should be performed in
order to initiate radiotherapy immediately (< 24
hours) together with high dose steroids (pulses of
dexamethasone at a starting dose of 25 mg every 6
hours during the first day, followed by a decreasing
dose schedule). This avoids the need for laminecto-
my in most cases. This latter option should be
reserved for patients who display severe acute com-
promised spinal cord function as the presenting fea-
ture of MM and whose diagnosis is uncertain.
Intramedullary fixation with a nail followed by radio-
therapy may be of value for fractures of long bones.

In the management of bone disease in MM, bis-
phosphonates have emerged as one of the most
attractive therapeutic tools. Information on clinical
trials with three of these compounds (etidronate, clo-
dronate and pamidronate) is already available, but
several other new and more potent bisphosphonates
(alendronate, ibandronate and zolendronate) have
already been generated. Etidronate has not shown a
significant clinical benefit.230,231 In a recent study, 232

clodronate has shown efficacy in the prevention of
non vertebral fractures but others have only observed
a marginal benefit.233-236 It should be noted that the
drug was taken orally and this may have resulted in a
low bioavailability. By contrast, in a double blind
placebo controlled trial including 377 patients,
Berenson et al.127 showed that pamidronate – 90 mg
once monthly in a 4 hour iv. infusion for 21 months
– led to a significant reduction in skeletal events
(pathological fractures, radiation therapy require-
ment, hypercalcemia or spinal cord compression), a
reduction in the proportion of cases with poor per-
formance score and a significant decrease in bone
pain. Moreover, in those patients who had received
two or more lines of therapy, pamidronate treatment
resulted in a significant prolongation in survival (20
vs. 14 months).237 This benefit in survival may be
related to the IL-6 inhibition induced by bisphos-
phonates238,239 as well as by their possible apoptotic
effect not only on osteoclasts but also on myeloma
cells.240-241

Infections
Hospitalization and empirical treatment with

broad-spectrum i.v. antibiotics should be immedi-
ately indicated for febrile granulocytopenic patients
(< 500 granulocytes). Nephrotoxic antibiotics, par-
ticularly aminoglycosides, should be avoided, in favor
of other alternatives. In patients with recurrent Gram-
positive infections penicillin given prophylactically
(daily oral dose) may be useful. Trimethroprim-sul-
famethoxazole during the first two months after diag-
nosis has proved to be useful but toxic.

The use of pneumococcal vaccine remains contro-
versial. The defective antibody response of MM
patients and the frequent involvement of other organ-
isms different from S. pneumonia are considered to be
arguments against its use. However, considering its
low toxicity, low cost and possible benefit for some
patients, pneumococcal vaccine should be offered to
all patients, but they should be informed of their
potential inability to respond to it. Several studies
have reported a decrease in the incidence and sever-
ity of infections in MM patients receiving prophylac-
tic intravenous immunoglobulins. In a recent ran-
domized, double-blind, trial conducted in 82
patients in plateau phase MM, Chapel et al. (1994)
showed that monthly infusions of i.v. Ig (0.4 g/kg)
significantly reduced the incidence of episodes of sep-
ticemia and pneumonia (0% vs. 24%) and serious
infections (19 vs. 38 episodes along 450 patients-
months on i.v. Ig). In our opinion, despite these
results, due to its high cost, its role in prophylaxis of
infection should be restricted to patients with very
low Ig levels and recurrent infections.

Contributions and Acknowledgments
JFSM was the co-ordinator of the article and wrote the autol-

ogous transplant and supportive therapy parts of the review. JB
was responsible for conventional treatment section and RG-S

Treatment of multiple myeloma



for the allogeneic transplant one. All three authors reviewed the
complete manuscript which was sent in its final form by JFSM.
The authors thank Mark Anderson for his technical assistance.

Funding
This work was partially supported by grants from “Fun-

dación RAMÓN ARECES-1997”, FIS-SS 95/0828 and FIS-
SS 96/0397.

Disclosures
Conflict of interest: none.
Redundant publications: no substantial overlapping with

previous papers.

Manuscript processing
Manuscript received May 19, 1998; accepted September

21, 1998.

References

1. McElwain TJ, Powles RL. High-dose intravenous mel-
phalan for plasma-cell leukaemia and myeloma.
Lancet 1983; 2:822-4.

2. Kyle RA, Greipp PR. Smoldering multiple myeloma. N
Engl J Med 1980; 302:1347-9.

3. Paccagnella A, Cartei G, Fosser V, et al. Treatment of
multiple myeloma with M-2 protocol and without
maintenance therapy. Eur J Cancer Clin Oncol 1983;
19:1345-51.

4. Bladé J, Rozman C, Montserrat E, et al. Treatment of
alkylating resistant multiple myeloma with vincristine,
BCNU, doxorubicin and prednisone (VBAP). Eur J Can-
cer Clin Oncol 1986; 22:1193-7.

5. Chronic Leukemia Myeloma Task Force. National Can-
cer Institute. II. Plasma cell myeloma. Proposed guide-
lines for protocol studies. Cancer Chemother Rep
1973; 4:145-58.

6. Alexanian R, Bonnet J, Gehan E, et al. Combination
chemotherapy for multiple myeloma. Cancer 1972; 30:
382-9.

7. Durie BGM, Russell DH, Salmon SE. Reappraisal of
plateau phase in myeloma. Lancet 1980; ii:65-8.

8. MacLennan ICM, Chapman C, Dunn J, Kelly K. Com-
bined chemotherapy with ABCM versus melphalan for
treatment of myelomatosis. Lancet 1992; 339:200-5.

9. Oivanen TM. Plateau phase in multiple myeloma: an
analysis of long-term follow-up of 432 patients. Br J
Haematol 1996; 92:834-9.

10. Palmer M, Belch A, Hanson J, Brox L. Reassessment of
the relationship between M-protein decrement and
survival in multiple myeloma. Br J Cancer 1989; 59:
110-2.

11. Gore ME, Selby PJ, Viner C, et al. Intensive treatment
of multiple myeloma and criteria for complete remis-
sion. Lancet 1989; 2:879-81.

12. Samson D, Gaminara E, Newland A, et al. Infusion of
vincristine and doxorubicin with oral dexamethasone
as first-line therapy for multiple myeloma. Lancet
1989; 2:882-5.

13. Bladé J, Samson D, Reece D, et al. Criteria for defini-
tion response, relapse and progression in multiple
myeloma after high-dose therapy. Br J Haematol 1998;
in press.

14. Bergsagel DE. Chemotherapy of myeloma. In: Myelo-
ma. Biology and management. Malpsa JS, Bergsagel
DE, Kyle RA, Anderson KC, eds. Oxford University
Press: Oxford, 1998. p. 269-302.

15. Hobbs JR. Growth rates and responses to treatment in
human myeloma. Br J Haematol 1969; 16:607-17.

16. Belch A, Shelley W, Bergsagel DE, et al. A randomized
trial of maintenance versus no maintenance melphalan
and prednisone in responding multiple myeloma
patients. Br J Cancer 1988; 57:94-9.

17. Boccadoro M, Marmont F, Tribalto M, et al. Early
responder myeloma: kinetic studies identify a patients
subgroup characterized by a very poor prognosis. J Clin
Oncol 1989; 7:119-25.

18. Bladé J, López-Guillermo A, Bosch F, Cervantes F,
Montserrat E, Rozman C. Impact of response to treat-
ment on survival in multiple myeloma. Results in a
series of 243 patients. Br J Haematol 1994; 88:117-21.

19. Osgood EE. Survival time of patients of patients with
plasmacytic myeloma. Cancer Chemother Rep 1960;
9:1-10.

20. Alexanian R, Haut A, Khan AU, et al. Treatment for
multiple myeloma: combination chemotherapy with
different melphalan dose regimens. J Am Med Assoc
1969; 208:1680-5.

21. Rivers SL, Patno ME. Cyclophosphamide versus mel-
phalan in treatment of plasma cell myeloma. J Am Med
Assoc 1969; 207:1328-34.

22. Galton DAG. Treatment of myelomatosis. MRC trial.
Br Med J 1971; 2:323.

23. Boccadoro M, Pileri A. Standard chemotherapy for
myelomatosis: an area of great controversy. Hematol
Oncol Clin North Am 1992; 6:371-82.

24. Atchison RG, Reilly IAG, Morgan AG, Russell NH. Vin-
cristine, adriamycin and high dose steroids in myeloma
complicated by renal failure. Br J Cancer 1990; 61:765-
6.

25. Alexanian R, Barlogie B, Tucker S. VAD-based regimens
as primary treatment for multiple myeloma. Am J
Hematol 1990; 33:86-9.

26. Case DC JR, Lee BJ III, Clarkson DB. Improved survival
times in multiple myeloma treated with melphalan,
prednisone, cyclophosphamide, vincristine, and BCNU:
M-2 protocol. Am J Med 1977; 63:797-803.

27. Hansen OP, Clausen NT, Drivsholm A, Laursen B.
Phase II study of intermittent 5-drug-regimen (VBCMP)
versus intermittent 3-drug regimen (VMP) versus inter-
mittent melphalan and prednisone (MP) in myelo-
matosis. Scand J Haematol 1985; 35:518-24.

28. Kidahl-Anderson O, Bjark P, Bondevik A, et al. Multi-
ple myeloma in central Norway 1981-1982: a ran-
domized clinical trial of 5-drug combination therapy
versus standard therapy. Scand J Haematol 1986; 37:
243-8.

29. Oken MM, Tsiatis A, Abramson M, Glick J. Evaluation
of intensive (VBMCP) vs. standard (MP) therapy for
multiple myeloma [abstract]. Proc Am Soc Clin Oncol
1987; 26:203.

30. Pavlovsky S, Corrado C, Santarelli MT, et al. An update
of two randomized trials in previously untreated mul-
tiple myeloma comparing melphalan-prednisone ver-
sus three and five drug combinations: a GATLA study.
J Clin Oncol 1988; 6:769-75.

31. Cohen HJ, Silberman HR, Tornyos K, Bartolucci AA.
Comparison of two long-term chemotherapy regimens
with and without agents to modify skeletal repair in
multiple myeloma. Blood 1984; 63:639-48.

32. Bergsagel DE, Bailey AJ, Langley GR, MacDonald RN,
White DF, Miller AB. The chemotherapy of plasma cell
myeloma and the incidence of acute leukemia. N Engl
J Med 1979; 301:743-8.

33. Harley JB, Pajak TF, McIntyre OR, et al. Improved sur-
vival of increased-risk myeloma patients combined
triple-alkylating-agent therapy: a study of the CALGB.
Blood 1979; 54:13-22.

34. Cooper RM, McIntyre OR, Propert KJ, et al. Single,
sequential, and multiple alkylating agent therapy for
multiple myeloma: a CALGB study. J Clin Oncol 1986;

52 J. F. San Miguel et al.



4:1331-9.
35. Salmon SE, Haut A, Bonnet JD, et al. Alternating com-

bination chemotherapy and levamisole improves sur-
vival in multiple myeloma. A Southwest Oncology
Group study. J Clin Oncol 1983; 1:456-61.

36. Alexanian R, Dreicer R. Chemotherapy for multiple
myeloma. Cancer 1984; 53:583-8.

37. Österborg A, Ahre A, Björkholm M, et al. Alternating
combination chemotherapy (VCMP/VBAP) is not
superior to melphalan/prednisone in the treatment of
multiple myeloma patients stage III. A randomized
study from MGCS. Eur J Haematol 1989; 43:54-62.

38. Boccadoro M, Marmont F, Tribalto M, et al. Multiple
myeloma: VCMP/VBAP alternating combination
chemotherapy is not superior to melphalan and pred-
nisone even in high-risk patients. J Clin Oncol 1991;
9:444-8.

39. Bladé J, San Miguel JF, Alcalá A, et al. Alternating com-
bination VCMP/VBAP chemotherapy versus melpha-
lan/prednisone in the treatment of multiple myeloma:
a randomized multicentric study of 487 patients. J Clin
Oncol 1993; 11:1165-71.

40. Boccadoro M, Palumbo A, Argentino C, et al. Con-
ventional induction treatments do not influence over-
all survival in multiple myeloma. Br J Haematol 1997;
96:333-7.

41. Bladé J, Kyle RA, Greipp PR. Presenting features and
prognosis in 72 patients with multiple myeloma who
were younger than 40 years. Br J Haematol 1996;
93:345-51.

42. McIntyre OR, Pajak TF, Kyle RA, Cornwell III GG,
Leone L. Response rate and survival in myeloma
patients receiving prednisone alone. Med Ped Oncol
1985; 13:239-43.

43. Alexanian R, Dimopoulos MA, Delasalle K, Barlogie B.
Primary dexamethasone treatment. Blood 1992; 80:
887-90.

44. Cornwell II GG, Pajak TF, Kochwa S, et al. Vincristine
and prednisone prolong the survival of patients receiv-
ing intravenous or oral melphalan for multiple myelo-
ma. Cancer and Leukemia  Group B experience. J Clin
Oncol 1988; 6:1481-90.

45. Cooper MR, Fefer A, Thompson J, et al. Alpha-2 inter-
feron/melphalan/prednisone in previously untreated
patients with multiple myeloma: a phase I-II trial. Can-
cer Treat Rep 1986; 70:473-6.

46. Oken MM, Kyle RA, Greipp PR, Kay NE, Tsiatis A,
O’Connell MJ. Chemotherapy plus interferon (rIFN) in
the treatment of multiple myeloma [abstract]. Proc
Am Soc Clin Oncol 1990; 9:288.

47. Montuoro A, De-Rosa L, De-Blasio A, Pacilli L, Petti N,
De Laurenzi A. a2a-interferon/melphalan/prednisone
in previously untreated patients with multiple myelo-
ma. Br J Haematol 1990; 76:365-8.

48. Österborg A, Björkholm M, Björeman M, et al. Natur-
al interferon-a in combination with melphalan/ pred-
nisone versus melphalan/prednisone in the treatment
of multiple myeloma stages II and III: a randomized
study from the Myeloma Group of Central Sweden.
Blood 1993; 81:1428-34.

49. Oken MM, Leong T, Kay NE, Greipp PR, Van Ness B,
Kyle RA. The effect of adding interferon (rIFN-a2) or
high-dose cyclophosphamide to BVMCP to treat mul-
tiple myeloma: results from an ECOG phase III trial
[abstract]. Blood 1995; 86(Suppl. 1):441a.

50. Cooper MR, Dear K, McIntyre OR, et al. A randomized
trial comparing melphalan/prednisone with or with-
out interferon a-2b in newly diagnosed patients with
multiple myeloma: a Cancer and Acute Leukemia
Group B study. J Clin Oncol 1993; 11:155-60.

51. Casassus Ph, Pegourie-Bandelier B, Sadoun A, et al.
Randomized comparison of interferon-a with VCMP/

VBAP regimen as the induction phase of untreated mul-
tiple myeloma: results of the KIF multicenter trial
[abstract]. Blood 1995; 86(Suppl. 1): 441a.

52. Capnist G, Vespignani M, Spriano M, et al. Impact of
interferon as induction chemotherapy and maintenance
treatment for multiple myeloma. Preliminary results of
a multicenter study by the Italian non-Hodgkin’s Lym-
phoma Cooperative Study Group (NHLCSG). Acta
Oncol 1994; 33:527-9.

53. Ludwig H, Cohen AM, Polliak A, et al. Interferon-alpha
for induction and maintenance in multiple myeloma:
results of two multicenter randomized trials and sum-
mary of other studies. Ann Oncol 1995; 6:467-76.

54. The Nordic Myeloma Study Group. Interferon-a2b
added to melphalan-prednisone for initial and main-
tenance therapy in multiple myeloma: a Nordic ran-
domized controlled trial. Ann Intern Med 1996; 124:
212-22.

55. Abrahamson GM, Bird JM, Newland AC, et al. A ran-
domized study of VAD therapy with either concurrent
or maintenance interferon in patients newly diagnosed
multiple myeloma. Br J Haematol 1996; 94:659-64.

56. Bladé J, San Miguel JF, Fontanillas M, et al. Survival of
multiple myeloma patients who are potential candi-
dates for early high-dose therapy intensification/auto-
transplantation and who were conventionally treated.
J Clin Oncol 1996; 14:2167-73.

57. Attal M, Harousseau JL, Stoppa AM, et al. A prospec-
tive, randomized trial of autologous bone-marrow
transplantation and chemotherapy in multiple myelo-
ma. N Engl J Med 1996; 335:91-7.

58. Gregory WM, Richards MA, Malpas JS. Combination
chemotherapy versus melphalan and prednisolone in
the treatment of multiple myeloma: an overview of
published trials. J Clin Oncol 1992; 10:334-42.

59. Myeloma Trialists Collaborative Group. Combination
chemotherapy versus melphalan plus prednisone as
treatment for multiple myeloma: an overview of 6633
patients from 27 randomized trials. J Clin Oncol (sub-
mitted).

60. Alexanian R, Gehan A, Haut A, Saiki J, Weick J.
Unmaintained remissions in multiple myeloma. Blood
1978; 51:1005-11.

61. Cohen HJ, Bartolucci AA, Forman WB, Silberman HR.
Consolidation and maintenance therapy in multiple
myeloma: randomized comparison of a new approach
to therapy after initial response to treatment. J Clin
Oncol 1986; 4:888-99.

62. Salmon SE, Tesh D, Crowley J, et al. Chemotherapy is
superior to sequential hemibody irradiation for remis-
sion consolidation in multiple myeloma: a Southwest
Oncology Group study. J Clin Oncol 1990; 8:1575-84.

63. Peest D, Bladé J, Harousseau JL, Klein B, Österborg A,
San Miguel JF. Cytokine therapy in multiple myeloma.
Br J Haematol 1996; 94:425-32.

64. Mandelli F, Avvisati G, Amadori S, et al. Maintenance
treatment with recombinant interferon a-2b in patients
with multiple myeloma responding to conventional
induction chemotherapy. N Engl J Med 1990; 322:
1430-4.

65. Westin J, Rödjer S, Turesson I, Cortelezzi A, Hjorth M,
Zador G. Interferon a-2b versus no maintenance ther-
apy during the plateau phase in multiple myeloma: a
randomized study. Br J Haematol 1995; 89:561-8.

66. Browman GP, Bergsagel DE, Sicheri D, et al. Ran-
domized trial of interferon maintenance in multiple
myeloma: a study of the National Cancer Institute of
Canada Clinical Trials Group. J Clin Oncol 1995; 13:
2354-60.

67. Bladé J, San Miguel JF, Escudero ML, et al. Mainte-
nance treatment with interferon a-2b in multiple
myeloma: a prospective randomized study from the

53Treatment of Multiple Myeloma



Spanish Cooperative Group PETHEMA. Leukemia
1998; in press.

68. Salmon SE, Crowley JJ, Grogan TM, Finley P, Pugh RP,
Barlogie B. Combination chemotherapy, glucocorti-
coids, and interferon alpha in the treatment of multi-
ple myeloma: a Southwest Oncology Group study. J
Clin Oncol 1994; 12:2405-14.

69. Peest D, Deicher H, Coldewey R, et al. A comparison
of polychemotherapy and melphalan/prednisone for
primary remission induction, and interferon-a for
maintenance treatment in multiple myeloma: a
prospective randomized trial of the German Myeloma
Treatment Group. Eur J Cancer 1995; 31A:146-51.

70. Drayson MT, Dunn JA, Olujohungbe AB, MacLennan
ICM. a-2 interferon treatment used in plateau phase of
multiple myeloma increases relapse-free survival but
not overall survival [abstract]. Blood 1996; 88 (Suppl.
1):586a.

71. Grosbois B, Mary J-Y, Michaux J-L, et al. Interferon
maintenance therapy in multiple myeloma patients
achieving plateau phase after induction therapy: mul-
ticenter randomized trial [abstract]. Blood 1997; 90
(Suppl. 1):356a.

72. Ludwig H, Fritz E, Neuda J, Durie BGM. Patient pref-
erences for interferon-a in multiple myeloma. J Clin
Oncol 1997; 15:1672-9.

73. Palumbo A, Boccadoro M, Garino LA, Gallone G, Frieri
R, Pileri A. Multiple myeloma: intensified maintenance
therapy with recombinant interferon alpha-2b plus glu-
cocorticoids. Eur J Haematol 1992; 49:93-7.

74. Boccadoro M, Argentino C, Avvisatti G, et al. Mel-
phalan and prednisone (MP) followed by interferon
plus dexamethasone improves remission duration of
myeloma patients [abstract]. Blood 1997; 90 (Suppl
1):355a.

75. Bonnet JD, Alexanian R, Salmon SE, et al. Vincristine,
BCNU, doxorubicin and prednisone (VBAP) combina-
tion in the treatment of relapsing or resistant multiple
myeloma. Cancer Treat Rep 1982; 66:1267-71.

76. Bladé J, San Miguel JF, Sanz-Sanz MA, et al. Treatment
of melphalan-resistant multiple myeloma with vin-
cristine, BCNU, doxorubicin and high-dose dexam-
ethasone (VBAD). Eur J Cancer 1993; 29A:57-60.

77. Barlogie B, Smith L, Alexanian R. Effective treatment of
advanced multiple myeloma refractory to alkylating
agents. N Engl J Med 1984; 310:1353-6.

78. Alexanian R, Barlogie B, Dixon D. High-dose gluco-
corticoids treatment of resistant myeloma. Ann Intern
Med 1986; 105:8-11.

79. Barlogie B, Velasquez WS, Alexanian R, Cabanillas F.
Etoposide, dexamethasone, cytarabine and cisplatin
in vincristine, doxorubicin, and dexamethasone-refrac-
tory myeloma. J Clin Oncol 1989; 7:1514-8.

80. Dimopoulos MA, Delasalle KB, Champlin R, Alexanian
R. Cyclophosphamide and etoposide therapy with
GM-CSF for VAD-resistant multiple myeloma. Br J
Haematol 1993; 83:240-4.

81. Leoni F, Ciolli S, Salti F, Teodori P, Ferrini PR. Tenipo-
side, dexamethasone and continuous-infusion cyclo-
phosphamide in advanced refractory myeloma. Br J
Haematol 1991; 77:180-4.

82. Ballester O, Moscinski LC, Fields KK, et al. Dexam-
ethasone, cyclophosphamide, idarubicin and etopo-
side (DC-IE): a novel, intensive induction chemother-
apy regimen for patients with high-risk multiple myelo-
ma. Br J Haematol 1997; 96:746-8.

83. Rostom AY, O’Cathail SM, Folkes A. Systemic irradia-
tion in multiple myeloma: a report on nineteen cases.
Br J Haematol 1984; 58:423-31.

84. San Miguel JF, Moro MJ, Bladé J, et al. Combination
of interferon and dexamethasone in refractory multiple
myeloma. Hematol Oncol 1990; 8:185-9.

85. Alexanian R, Barlogie B, Gutterman J. a-interferon
combination therapy of resistant myeloma. Am J Clin
Oncol 1991; 14:188-92.

86. Buzaid A, Durie B. Management of refractory myelo-
ma: a review. J Clin Oncol 1988; 6:899-905.

87. Dimopoulos MA, Kantarjian HM, Estey EH, Alexanian
R. 2-chlorodeoxyadenosine in the treatment of multi-
ple myeloma. Blood 1993; 80:1626.

88. Salmon SE, Dalton WS, Grogan T, et al. Multidrug-
resistant myeloma: laboratory and clinical effects of
verapamil as a chemosensitizer. Blood 1991; 78:44-
50.

89. Sonneveld P, Durie BGM, Lokhorst HM. Modulation
of multidrug-resistant myeloma by cyclosporin. Lancet
1992; 340:255-9.

90. Raaijmakers HGP, Izquierdo MAI, Lokhorst HM, et al.
Lung resistance related protein expression is a nega-
tive predictive factor for response to conventional low
but not intensified dose alkylating chemotherapy in
multiple myeloma. Blood 1998; 91:1029-36.

91. Cornelissen JJ, Sonneveld P, Schoester M, et al. MDR-
1 expression and response to vincristine, doxorubicin,
and dexamethasone chemotherapy in multiple myelo-
ma refractory to alkylating agents. J Clin Oncol 1994;
12:115-9.

92. Bataille R, Barlogie B, Lu ZY, et al. Biologic effects of
anti-interleukin-6 murine monoclonal antibody in
advanced multiple myeloma. Blood 1995; 86:685-91.

93. Brandes LJ, Israels LG. Weekly low-dose cyclophos-
phamide and alternate-day prednisone: an effective
low toxicity regimen for advanced myeloma. Eur J
Haematol 1987; 39:362-8.

94. Bergsagel DE. Use a gentle approach for refractory
myeloma patients. J Clin Oncol 1988; 6:757-8.

95. Anderson KC. Who benefits from high-dose therapy
for multiple myeloma? J Clin Oncol 1995; 13:1291-6.

96. Alexanian R, Dimopoulos MA, Hester J, Delasalle K,
Champlin R. Early myeloablative therapy for multiple
myeloma. Blood 1994; 84:4278-82.

97. Alexanian R, Dimopoulos M, Smith T, Delasalle K, Bar-
logie B, Champlin R. A limited value of myeloablative
therapy for late multiple myeloma. Blood 1994; 83:
512-6.

98. Harousseau JL, Attal M. The role of autologous hema-
topoietic stem cell transplantation in multiple myelo-
ma. Semin Hematol 1997; 34 (Suppl. 1):61-6. 

99. Huang YW, Vitetta ES. Immunotherapy of multiple
myeloma. Stem Cells. 1995; 13:123-34. 

100.Kovacsovics TJ, Delaly A. Intensive treatment strategies
in multiple myeloma. Semin Hematol 1997; 34 (Sup-
pl. 1):49-60. 

101.Tricot G, Jagannath S, Vesole DH, et al. Hematopoi-
etic stem cell transplants for multiple myeloma. Leuk
Lymphoma 1996; 22:25-36. 

102.Vesole DH, Tricot G, Jagannath S, et al. Autotrans-
plants in multiple myeloma: what have we learned?
Blood 1996; 88:838-47. 

103.Fermand JP, Levy Y, Gerota J, et al. Treatment of mul-
tiple myeloma by high-dose chemotherapy and total
body irradiation followed by blood stem cells autolo-
gous graft. Blood 1989; 73:20-3.

104.Selby P, McElwain TJ, Nandi AC, et al. Multiple myelo-
ma treated with high dose intravenous melphalan. Br
J Haematol 1987; 66:55-62.

105.Dimopoulos MA, Alexanian R, Pzepiorka D, et al.
Thiotepa, busulfan, and cyclophosphamide: A new
preparative regimen for autologous marrow or blood
stem cell transplantation in high-risk multiple myelo-
ma. Blood 1993; 82:2324-8.

106.Vesole DH, Barlogie B, Jagannath S, et al. High-dose
therapy for refractory multiple myeloma: Improved
prognosis with better supportive care and double

54 J. F. San Miguel et al.



transplants. Blood 1994; 84:950-6.
107.Vesole DH, Naile-Cromer J, Johnson D, Crowley J,

Salmon S, Barlogie B. High dose melphalan with auto-
transplant for refractory multiple myeloma: Results of
a southwest oncology group (SWOG) phase II trial
(S8993) [abstract]. Blood 1997; 90 (Suppl. 1):488.

108.Govindarajan R, Jagannath S, Flick JT, et al. Preceding
standard therapy is the likely cause of MDS after auto-
transplants for multiple myeloma. Br J Haematol 1996;
95:349-53. 

109.Tricot G, Jagannath S, Vesole DH, Crowley J, Barlogie
B. Relapse of multiple myeloma after autologous trans-
plantation: survival after salvage therapy. Bone Mar-
row Transplant 1995; 16:7-11. 

110.Barlogie B, Anderson KC, Berenson J, et al. Transplants
for multiple myeloma. Bone Marrow Transplant, 1995;
16 (Suppl. 1):234-9.

111.Jagannath S, Barlogie B. Autologous bone marrow
transplantation for multiple myeloma. Hematol Oncol
Clin N Am 1992; 6:437-49.

112. Attal M, Harousseau JL, Stoppa AM, et al. (IFM group).
High dose therapy in multiple myeloma: final analysis of
a prospective randomized study of the “Intergroup
Français du Myeloma” (IFM 90) [abstract]. Blood
1995; 86 (Suppl. 1):485.

113.Gore ME, Viner C, Meldrum M, et al. The development
of high dose melphalan and of autologous transplan-
tation in the treatment of multiple myeloma: Royal
Marsden and St. Bartholomew’s hospital studies.
Hematol Oncol 1988; 6:173-9.

114.Harousseau JL, Milpied N, Laporte JP, et al. Double-
intensive therapy in high-risk multiple myeloma. Blood
1992; 79:2827-33.

115.Attal M, Huguet F, Schlaifer D, et al. Intensive com-
bined therapy for previously untreated aggressive
myeloma. Blood 1992; 79:1130-6.

116.Björkstrand B, Ljungman P, Bird JM, Samson D,
Gahrton G. Double high-dose chemoradiotherapy
with autologous stem cell transplantation can induce
molecular remissions in multiple myeloma. Bone Mar-
row Transplant 1995; 15:367-71.

117.Cunningham D, Paz-Ares L, Milan E, et al. High dose
melphalan and autologous bone marrow transplanta-
tion as consolidation in previously untreated myelo-
ma. J Clin Oncol 1994; 12:759-63.

118.Tricot G, Jagannath S, Vesole D, et al. Peripheral blood
stem cell transplants for multiple myeloma: identifica-
tion of favorable variables for rapid engraftment in 225
patients. Blood 1995; 85:588-96.

119.Singhal S, Powles R, Milan S, et al. Kinetics of para-
protein clearance after autografting for multiple myelo-
ma. Bone Marrow Transplant 1995; 16:537-40.

120.Barlogie B, Jagannath S, Vesole DH, et al. Superiority
of tandem autologous transplantation over standard
therapy for previously untreated multiple myeloma.
Blood 1997; 89:789-93. 

121.Attal M, Harousseau JL, Stoppa AM, et al. High dose
therapy in multiple myeloma: An updated analysis of
the IFM 90 protocol [abstract]. Blood 1997; 90 (Sup-
pl. 1):418a.

122.Fermand JP, Ravaud P, Chevret S, et al. High-dose ther-
apy and autologous blood stem cell transplantation
in multiple myeloma: preliminary results of a random-
ized trial involving 167 patients. Stem Cells 1995; 13:
156-9.

123.Harousseau JL, Facon T, Mary JY, et al. What is the
optimal timing of autologous transplantation in mul-
tiple myeloma? VI International Workshop on Multiple
Myeloma, Boston, 1997.

124.Björkstrand B, Svensson M, Ljungman P, et al. Double
autologous stem cell transplantation in multiple
myeloma. The European experience. VI International

Workshop on Multiple Myeloma, Boston, 1997.
125.Alegre A, Díaz-Mediavilla J, San Miguel JF, et al. Autol-

ogous peripheral blood stem cell transplantation for
multiple myeloma: a report of 259 cases from the
Spanish Registry. Bone Marrow Transplant 1998; 21:
133-40.

126.Schiller G, Vescio R, Freytes C, et al. Transplantation
of CD34+ peripheral blood progenitor cells after high-
dose chemotherapy for patients with advanced multi-
ple myeloma. Blood 1995; 86:390-7. 

127.Berenson JR, Lichtenstein A, Porter L, et al. Efficacy of
pamidronate in reducing skeletal events in patients
with advanced multiple myeloma. N Engl J Med 1996;
334:488-93.

128.Giralt S, Weber D, Colome M, et al. Phase I trial of
cyclosporine-induced autologous graft-versus-host dis-
ease in patients with multiple myeloma undergoing
high-dose chemotherapy with autologous stem-cell
rescue. J Clin Oncol 1997; 15:667-73. 

129.Hsu FJ, Benike C, Fagnoni F, et al. Vaccination of
patients with B-cell lymphoma using autologous anti-
gen-pulsed dendritic cells. Nature Med 1996; 2:52-8.

130.Bergenbrant B, Yi Q, Österborg A, et al. Modulation of
anti-idiotypic immune response by immunization with
the autologous M component protein in multiple
myeloma patients. Br J Haematol 1996; 92:840-6.

131.Jagannath S, Vesole D, Siegel D, et al. Final analysis of
total therapy (TT) with tandem transplants (Tx) for
231 newly diagnosed patients with multiple myeloma
[abstract]. Blood 1997; 90 (Suppl. 1):418a.

132. Lahuerta JJ, Conde C, de la Serna J, et al. High dose
cyclophosphamide, BCNU and VP-16 (CBV) supported
with second autologous hemopoietic transplant (Tx) in
multiple myeloma (MM) chemosensitive to melphalan
200 mg/m2. An interim report [abstract]. Blood 1997;
(Suppl. 1):232a.

133.Attal M, Payen C, Facon T, et al. Single versus double
transplant in myeloma: A randomized trial of the “Inter
Group Français du Myélome” (IFM) [abstract]. Blood
1997; (Suppl1): 418a.

134.Billadeu D, Anam L, Thomas W, et al. Detection and
quantification of malignant cells in the peripheral
blood of multiple myeloma patients. Blood 1992;
80:1818-24.

135.Corradini P, Voena C, Astolfi M, et al. High-dose
sequential chemoradiotherapy in multiple myeloma:
residual tumor cells are detectable in bone marrow and
peripheral blood cell harvests and after autografting.
Blood 1995; 85:1596-602.

136.Henry JM, Sykes PJ, Brisco MJ, To LB, Juttner CA, Mor-
ley AA. Comparison of myeloma cell contamination of
bone marrow and peripheral blood stem cell harvests.
Br J Haematol 1996; 92:614-9.

137.Vescio RA, Han EJ, Schiller GJ, et al. Quantitative com-
parison of multiple myeloma tumor contamination in
bone marrow harvest and leukapheresis autografts.
Bone Marrow Transplant 1996; 18:103-10.

138.Harousseau JL, Attal M, Divine M, et al. Comparison
of autologous bone marrow transplantation and
peripheral blood stem cell transplantation after first
remission induction treatment in multiple myeloma.
Bone Marrow Transplant 1995; 15:963-9.

139.Duncan N, Hewetson M, Powles R, Raje N, Mehta J.
An economic evaluation of peripheral blood stem cell
transplantation as an alternative to autologous bone
marrow transplantation in multiple myeloma. Bone
Marrow Transplant 1996; 18:1175-8. 

140.Raje N, Powles R, Horton C, et al. Comparison of mar-
row vs. blood-derived stem cells for autografting in pre-
viously untreated multiple myeloma. Br J Cancer 1997;
75:1684-9. 

141.Caligaris Cappio F, Cavo M, De Vincentiis A, et al.

55Treatment of Multiple Myeloma



Peripheral blood stem cell transplantation for the treat-
ment of multiple myeloma: biological and clinical
implications. Haematologica 1996; 81:356-77.

142.Barlogie B, Jagannath S, Vesole D, Tricot G. Autolo-
gous and allogeneic transplants for multiple myeloma.
Semin Hematol 1995; 32:31-44.

143.Fermand JP, Chevret S, Ravaud P, et al. High-dose
chemoradiotherapy and autologous blood stem cell
transplantation in multiple myeloma: results of a phase
II trial involving 63 patients. Blood 1993; 82:2005-9.

144.Harousseau JL, Milpied N, Garand R, Bourhis JH. High
dose melphalan and autologous bone marrow trans-
plantation in high risk myeloma. Br J Haematol 1987;
67:493-4.

145.Harousseau JL, Attal M, Divine M, et al. Autologous
stem cell transplantation after first remission induc-
tion treatment in multiple myeloma: a report of the
French Registry on autologous transplantation in mul-
tiple myeloma. Blood 1995; 85:3077-85.

146.Jagannath S, Vesole DH, Glenn L, Crowley J, Barlogie
B. Low-risk intensive therapy for multiple myeloma
with a combined autologous bone marrow and blood
stem cell support. Blood 1992; 80:1666-72.

147.Desikan KR, Jagannath S, Vesole D, et al. Collection of
peripheral blood stem cells (PBSC) in multiple myelo-
ma (MM) following G-CSF with or without high-dose
cyclophosphamide (HC-CTX) [abstract]. Blood 1995;
86 (Suppl. 1):357a.

148.Demirer T, Buckner CD, Gooley T, et al. Factors influ-
encing collection of peripheral blood stem cells in
patients with multiple myeloma. Bone Marrow Trans-
plant 1996; 17:937-41.

149.Pérez-Simon JA, Caballero MD, Corral M, et al. Mini-
mal number of circulating CD34+ cells to ensure suc-
cessful leukapheresis and engraftment in autologous
peripheral blood progenitor cell transplantation.
Transfusion 1998; in press.

150.Vesole DH, Jagannath S, Glenn L, Barlogie B. Auto-
transplantation in multiple myeloma. Hematol Oncol
Clin N Am 1993; 7:613-30.

151.Goldschmidt H, Hegenbart U, Wallmeier M, et al.
High-dose therapy with peripheral blood progenitor
cell transplantation in multiple myeloma. Ann Oncol
1997; 8:243-6.

152.Björkstrand B. 474 autotransplants in multiple myelo-
ma: results of the EBMT. 5th International Workshop
on Multiple Myeloma. September, 1995, La Baule,
France: 3.32.

153.Desikan KR, Fassas A, Siegel D, et al. Superior out-
come with melphalan 200 mg/m2 (MEL 200) for
scheduled second autotransplant compared to
MEL+TBI or CTX for myeloma (MM) in pre-Tx-2 PR
[abstract]. Blood 1997; 90(Suppl. 1):231a.

154.Reece DE, Barnett MJ, Connors JM, et al. Intensive
therapy with busulfan, cyclophosphamide and mel-
phalan (Bu Cy+Mel) and 4-hydroperoxycyclophos-
phamide (4-HC) purged autologous bone marrow
transplantation (autoBMT) for multiple myeloma
(MM) [abstract]. Blood 1989; 74 (Suppl. 1):171a.

155.Alegre A, Lamana M, Arranz R, et al. Busulfan and mel-
phalan as conditioning regimen for autologous periph-
eral blood stem cell transplantation in multiple myelo-
ma. Br J Haematol 1995; 91:380-5.

156.Ventura GJ, Barlogie B, Hester JP, et al. High dose
cyclophosphamide, BCNU and VP-16 with autologous
stem cell support for refractory multiple myeloma.
Bone Marrow Transplant 1990; 5:265-8.

157.Dimopoulos MA, Hester J, Huh Y, Champlin R, Alex-
anian R. Intensive chemotherapy with blood progeni-
tor transplantation for primary resistant multiple
myeloma. Br J Haematol 1994; 87:730-4.

158.Adkins D, Salzman D, Boldt D, et al. Phase I trial of

dacarbacine with cyclophosphamide, carmustine,
etoposide, and autologous stem-cell transplantation in
patients with lymphoma and multiple myeloma. J Clin
Oncol 1994; 12:1890-901.

159.Demirer T, Bensinger WI, Appelbaum FR, Rowley SD,
Buckner CD. Autologous stem cell transplantation for
patients with multiple myeloma [abstract]. Blood
1995; 86(Suppl. 1):184a.

160.Long GD, Chao NJ, Hu WW, Negrin RS, Wong RM,
Blume KG. High dose etoposide-based myeloablative
therapy followed by autologous blood progenitor cell
rescue in the treatment of multiple myeloma. Cancer.
1996; 78:2502-9.

161.Bird JM, Bloxham D, Samson D, et al. Molecular detec-
tion of clonally rearranged cells in peripheral blood
progenitor cell harvests from multiple myeloma
patients. Br J Haematol. 1994; 88:110-6. 

162.Witzig TE, Gertz MA, Pineda AA, Kyle RA, Greipp PR.
Detection of monoclonal plasma cells in the peripher-
al blood stem cell harvests of patients with multiple
myeloma. Br J Haematol. 1995; 89:640-2.

163.Pope B, Brown R, Gibson J, Joshua D. Plasma cells in
peripheral blood stem cell harvests from patients with
multiple myeloma are predominantly polyclonal. Bone
Marrow Transplant 1997; 20:205-10. 

164.Gazitt Y, Reading CC, Hoffman R, et al. Purified
CD34+Lin–Thy+ stem cells do not contain clonal
myeloma cells. Blood 1995; 86:381-9.

165.Seiden MV, Schlossman R, Andersen J, et al. Mono-
clonal antibody-purged bone marrow transplantation
therapy for multiple myeloma. Leuk Lymphoma 1995;
17:87-93.

166.Mitterer C, Straka M, Casini L, et al. Double auto-
grafting combined with immunomagnetic purging for
improved in vivo and ex vivo reduction of minimal
residual disease in multiple myeloma. VI International
Workshop on Multiple Myeloma, Boston, 1997.

167.Szczepek AJ, Bergsagel PL, Axelsson L, Brown CB,
Pilarski LM. CD34+ cells in the blood of patients with
multiple myeloma express CD19 and IgH mRNA and
have patient-specific IgH VDJ gene rearrangements.
Blood 1997, 89:1824-33.

168.Vescio R, Hong CH, Cao I, et al. The hematopoietic
stem cell antigen, CD34, is not expressed on the malig-
nant cells in multiple myeloma. Blood 1994; 84: 3283-
90.

169.Gazitt Y, Reading CL. Autologous transplantation with
tumor-free graft: a model for multiple myeloma
patients. Leuk Lymphoma 1996; 23:203-12.

170. Knauf WU, Pochanke G, Ho AD. Detection of circulat-
ing monoclonal lymphocytes in multiple myeloma
patients by analysis of gene rearrangements: correlation
with progressive disease. Leuk Res 1993;17:341-5.

171.Vescio R, Stewart A, Ballester O. Myeloma cell tumor
reduction in PBPC autografts following CD34 selec-
tion: The results of a phase III trial using the CEPRATE
device [abstract]. Blood 1997; 90 (Suppl. 1):421a.

172.Ahsan G, Willoughby S, Outhwaite H, et al. The pres-
ence of minimal residual disease in patients with
myeloma pre and post autologous transplantation. VI
International Workshop on Multiple Myeloma,
Boston, 1997.

173.Corradini P, Tarella C, Voena C, et al. PCR based mon-
itoring of residual myeloma cells in patients undergo-
ing high-dose chemotherapy. VI International Work-
shop on Multiple Myeloma, Boston, 1997.

174.Schiller G, Stewart AK, Ballester O. A phase III study
evaluating CD34+ selected versus unselected autolo-
gous peripheral blood progenitor cell transplantation
for patients with advanced multiple myeloma: engraft-
ment results [abstract]. Blood 1997; 90 (Suppl.1):
218a.

56 J. F. San Miguel et al.



175.Siegel D, Mehta J, Anaissie E, et al. Prolonged immuno-
suppression after CD34+ or CD34/Thy-1+/Lin selected
autologous peripheral blood stem cell (PBSC) Trans-
plants (Tx) for multiple myeloma [abstract]. Blood
1997; 90(Suppl. 1):112a.

176.Jagannath S, Barlogie B, Dicke K, et al. Autologous
bone marrow transplantation in multiple myeloma:
identification of prognostic factors. Blood 1990;
76:1860-6.

177.Tricot G, Sawyer JR, Jagannath S, et al. Unique role of
cytogenetics in the prognosis of patients with myeloma
receiving high-dose therapy and autotransplants. J Clin
Oncol 1997; 15:2659-66.

178.Björkstrand B, Goldstone AH, Ljungman P, et al. Prog-
nostic factors in autologous stem cell transplantation
for multiple myeloma: an EBMT Registry Study. Euro-
pean Group for Bone Marrow Transplantation. Leuk
Lymphoma 1994; 15:265-72.

179.Bensinger WI, Rowley SD, Demirer T, et al. High-dose
therapy followed by autologous hematopoietic stem-
cell infusion for patients with multiple myeloma. J Clin
Oncol 1996; 14:1447-56.

180.Boccadoro M, Palumbo A, Tarella C, et al. Prognostic
factors and high dose chemotherapy in multiple myelo-
ma. VI International Workshop in Multiple Myeloma,
Boston, 1997.

181.Gertz MA, Witzig TE, Pineda AA, Greipp PR, Kyle RA,
Litzow MR. Monoclonal plasma cells in the blood stem
cell harvest from patients with multiple myeloma are
associated with shortened relapse-free survival after
transplantation. Bone Marrow Transplant 1997;
19:337-42.

182.Bird JM, Russell HN, Samsom D. Minimal residual dis-
ease after bone marrow transplantation for multiple
myeloma: evidence for cure in long term survivors.
Bone Marrow Transplant 1993; 12:651-4.

183.Björkstrand BB, Ljungman P, Svensson H, et al. Allo-
geneic bone marrow transplantation versus autolo-
gous stem cell transplantation in multiple myeloma: a
retrospective case-matched study from the European
Group for Blood and Marrow Transplantation. Blood
1996, 88:4711-8.

184.Marit G, Facon T, Louet JP, et al. Allogeneic stem cell
transplantation in multiple myeloma. A report of the
Societe Française de Greffe de Moelle [abstract]. Blood
1997; 90 (Suppl. 1):226a.

185.Metha J, Ayers D, Mattox S, et al. Allogeneic bone mar-
row transplantation in multiple myeloma: Single-cen-
ter experience of 97 patients [abstract]. Blood 1997;
90 (Suppl. 1):225a.

186.Bensinger WI, Buckner CD, Anasetti C, et al. Allogeneic
marrow transplantation for multiple myeloma: an
analysis of risk factors on outcome. Blood 1996;
88:2787-93.

187.Schlossman RL, Webb I, Alyea EP, et al. Similar dis-
ease-free survival after allografting and autografting
for multiple myeloma [abstract]. Blood 1997; 90 (Sup-
pl. 1):226a.

188.Cavo M, Nandini G, Lemoli RM, et al. Allogeneic trans-
plantation with bone marrow or peripheral blood stem
cells for multiple myeloma. A multivariate analysis of
risk factors on outcome [abstract]. Bone Marrow
Transplant 1998; 21 (Suppl 1): S213.

189.Reece DE, Shepherd JD, Klingemann HG, et al. Treat-
ment of myeloma using intensive therapy and allo-
geneic bone marrow transplantation. Bone Marrow
Transplant 1995; 15:117-23.

190.Kulkami S, Powles R, Treleaven J, et al. Allogeneic bone
marrow transplantation for multiple myeloma
[abstract]. Blood 1997; 90 (Suppl. 1):389b.

191.Noga SJ, O’Donnell PV, Grever M, Vogelsang GB, Mar-
cellus D, Jones RJ. Using engineered allografts to

improve transplant outcome in multiple myeloma
[abstract]. Blood 1997; 90 (Suppl. 1):225a.

192.Couban S, Strewart AK, Loach D, Panzarella T,
Meharchand J. Autologous and allogeneic transplan-
tation for multiple myeloma at a single centre. Bone
Marrow Transplant 1997; 19:783-9.

193.Russel NH, Miflin G, Stainer C, et al. Allogeneic bone
marrow transplant for multiple myeloma. Blood 1997;
89:2610-11.

194.Varterasian M, Ratanatharathorn V, Karanes C, et al.
Bone marrow transplantation for multiple myeloma:
the Wayne State experience. Bone Marrow Transplant
1995; 15:328-9.

195.Nevill TJ, Robinson KS, Ing VW, et al. Early allogeneic
stem cell transplantation (SCT) for chemosensitive
multiple myeloma [abstract]. Blood 1996; 88 (Suppl.
1):243b.

196.Gahrton G, Tura S, Ljungman P, et al. Prognostic fac-
tors in allogeneic bone marrow transplantation for
multiple myeloma. J Clin Oncol 1995; 13:1312-22.

197.Gahrton G, Tura S, Ljungman P, et al. Allogeneic bone
marrow transplantation in multiple myeloma. N Engl
J Med 1991; 325:1267-73.

198.Bensinger WI, Buckner CD, Clift RA, et al. Phase I study
of busulfan and cyclophosphamide in preparation for
allogeneic marrow transplant for patients with multi-
ple myeloma. J Clin Oncol 1992; 10:1492-7.

199.Bensinger WI, Demirer T, Buckner CD, et al. Syngene-
ic marrow transplantation in patients with multiple
myeloma. Bone Marrow Transplant 1996; 18:527-31.

200.Storb R, Deeg HJ, Pepe M, et al. Long-term follow-up
of three controlled trials comparing cyclosporine ver-
sus methotrexate for graft-versus-host disease preven-
tion in patients given marrow grafts for leukemia.
Blood 1992; 79:3091-7.

201.Chao NJ, Schmidt GM, Niland JC, et al. Cyclosporine,
methotrexate, and prednisone compared with
cyclosporine and prednisone for prophylaxis of acute
graft-versus-host disease. N Engl J Med 1993; 329:
1225-9.

202.Bowden R, Buchanan G, Young N. Infectious disease
update for the hematologist. Educational Program of
the American Society of Hematology; 1997. p. 89-91.

203.Lazarus HM. Recombinant cytokines and hematopoi-
etic growth factors in allogeneic and autologous bone
marrow transplantation. Cancer Treat Res 1997; 77:
255-301.

204.Urbano-Ispizua A, Rozman C, Martínez C, et al. Rapid
engraftment without significant graft-versus-host dis-
ease after allogeneic transplantation of CD34+ select-
ed cells from peripheral blood. Blood 1997; 89:3967-
73.

205.Dreger P, Glass B, Uharek L, Schmitz N. Allogeneic
peripheral blood progenitor cells: current status and
future directions. J Hematother 1996, 5:331-7.

206.Majolino I, Corradini P, Scimè R, et al. Allogeneic
transplantation of unmanipulated PBSC in patients
with multiple myeloma [abstract]. Bone Marrow
Transplant 1998; 21 (Suppl. 1):S212.

207.Soiffer RJ, Murray C, Mauch P, et al. Prevention of graft
versus host disease by selective depletion of CD6-pos-
itive T lymphocytes from donor bone marrow. J Clin
Oncol 1992; 10:1191-200.

208.Antin JH. Graft-versus-leukemia: no longer an epiphe-
nomenon. Blood 1993; 82:2223-7

209.Tricot G, Vesole DH, Jagannath S, Hilton J, Munshi,
Barlogie B. Graft-versus-myeloma effect: proof of prin-
ciple. Blood 1996; 87:1196-8.

210.Verdonck LF, Lokhorst HM, Dekker AW, Nieuwenhuis
HK, Petersen EJ. Graft-versus-myeloma effect in two
cases. Lancet 1996; 347:800-1.

211.Bertz H, Burger JA, Kunzmann R, Mertelsmann R, Finke

57Treatment of Multiple Myeloma



58

J. Adoptive immunotherapy for relapsed multiple
myeloma after allogeneic bone marrow transplanta-
tion (BMT): evidence for a graft-versus-myeloma effect.
Leukemia 1997; 11:281-3.

212.Munshi NC, Tricot G, Jagannath S, et al. Clinical
results of thymidine kinase gene transduced donor lym-
phocyte infusion following allogeneic transplantation
in myeloma [abstract]. Blood 1997; 90 (Suppl. 1):485.

213.Lokhorst HM, Schattenberg A, Cornelissen JJ, Thomas
LL, Verdonck LF. Donor leukocyte infusions are effec-
tive in relapsed multiple myeloma after allogeneic bone
marrow transplantation. Blood 1997; 90:4206-11.

214.Kolb H-J, Schattenberg A, Goldman JM, et al. Graft-
versus-leukemia effect of donor lymphocyte transfu-
sions in marrow grafted patients. Blood 1995; 86:
2041-50.

215.Collins R, Shpilberg O, Drobyski W, et al. Donor leuko-
cyte infusions in 140 patients with relapsed malignan-
cy after allogeneic bone marrow transplantation. J Clin
Oncol 1997; 15:433-44.

216.Kwak LW, Taub DD, Duffey PL, et al. Transfer of
myeloma idiotype-specific immunity from an actively
immunised marrow donor. Lancet 1995; 345:1016-
20.

217.Samson D, Volin L, Schanz U, Bosi A, Gahrton G. Fea-
sibility and toxicity of interferon maintenance therapy
after allogeneic BMT for multiple myeloma: a pilot
study of the EBMT. Bone Marrow Transplant 1996;
17:759-62.

218.Mehta J, Tricot G, Jagannath S, et al. A single-center,
matched-pair comparison of auto- and allografting in
multiple myeloma [abstract]. Blood 1996; 88 (Suppl.
1):2462.

219.Cazzola M, Messinger D, Battistel V, et al. Recombi-
nant human erythropoietin in the anemia associated
with multiple myeloma and non-Hodgkin’s lymphoma:
dose finding and identification of predictors of
response. Blood 1995; 86:4446-53.

220.Österborg A, Boogaerts MA, Cimino R, et al. Treat-
ment in multiple myeloma and non-Hodgkin’s lym-
phoma. Recombinant human erythropoietin in trans-
fusion-dependent patients with multiple myeloma and
non-Hodgkin’s lymphoma. A randomized multicenter
study. Blood 1996; 87:2675-82.

221.Barlogie B, Beck T. Recombinant human erythropoi-
etin and the anemia of multiple myeloma. Stem Cells
1993; 11:88-94.

222.Ludwig H, Fritz E, Kotzman H, Hacker P, Gisslinger H,
Barnas U. Erythropoietin treatment of anemia associ-
ated with multiple myeloma. N Engl J Med 1990;
322:1693-9.

223.Gahrton JP, Gertz MA, Witzig ThE, et al. Epoietin alpha
for the treatment of the anemia of multiple myeloma.
A prospective, randomized, placebo-controlled dou-
ble blind trial. Arch Intern Med 1995; 155: 2069-74.

224.Cazzola M, Mercuriali F, Brugnara C. Use of recombi-
nant human erythropoietin outside the setting of ure-
mia. Blood 1997; 89:4248-67.

225.Ludwig H, Fritz E, Leitgeb C, Pecherstorfer M,
Samonigg H, Schuster J. Prediction of response to ery-
thropoietin treatment in chronic anemia of cancer.
Blood 1994; 84:1056-63.

226.Alexanian R, Barlogie B, Dixon D. Renal failure in mul-
tiple myeloma: pathogenesis and prognostic implica-
tions. Arch Intern Med 1990; 150:1693-5.

227.San Miguel JF. Supportive therapy for multiple myelo-
ma. Trends Oncol Hematol 1996; 4:32-3.

228.Torra R, Bladé J, Cases A, et al. Patients with multiple
myeloma requiring long-term dialysis: presenting fea-
tures, response to therapy, and outcome in a series of
20 cases. Br J Haematol 1995; 91:854-9.

229.Bladé J, Fernández-Lama P, Bosch F, et al. Renal fail-
ure in multiple myeloma: presenting features and pre-
dictors of outcome in a series of 94 patients from a sin-
gle institution. Arch Intern Med 1998; in press.

230.Belch AR, Bergsagel DE, Wilson K, et al. Effect of dai-
ly etidronate on the osteolysis of multiple myeloma. J
Clin Oncol 1991; 9:1397-402.

231.Daragon A, Humez C, Michot C, et al. (Groupe d’E-
tudes et de Recherches sur le Myeloma). Treatment of
multiple myeloma with etidronate: results of a multi-
centre double-blind study. Eur J Med 1993; 2:449-52.

232.McCloskey EV, MacLennan IC, Drayson MT, Chap-
man C, Dunn J, Kanis JA. Randomised trial of the effect
of clodronate on skeletal morbidity in multiple myelo-
ma. Br J Haematol 1998; 100:2317-25.

233.Lahtinen R, Laakso M, Palva Y, Virkkunen P, Elomaa Y.
Randomized, placebo-controlled multicentre trial of
clodronate in multiple myeloma. Lancet 1992; 340:
1049-52.

234. Delmas PD, Charhon S, Chapuy MC, et al. Long-term
effects of dichloromethylene diphosphonate (Cl2MDP)
on myeloma. Metab Bone Dis Relat Res 1982; 4:163-8.

235.Heim ME, Clemens MR, Queisser W, et al. Prospective
randomized trial of dichloromethylene bisphospho-
nate (clodronate) in patients with multiple myeloma
requiring treatment: a multicenter study. Onkologie
1995; 18:439-48.

236.Merlini G, Attardo Parrinello G, Piccini L, et al. Long-
term effects of parenteral dichloromethylene bisphos-
phonate (Cl2MBP) on bone disease of myeloma
patients treated with chemotherapy. Hematol Oncol
1990; 8:23-30.

237.Berenson JR, Lichtenstein A, Porter L, et al (Myeloma
Aredia Study Group). Long-term pamidronate treat-
ment of advanced multiple myeloma patients reduces
skeletal events. J Clin Oncol 1998; 16:593-602.

238.Lissoni P, Cazzaniga M, Barni S, et al. Acute effects of
pamidronate administration on serum levels of inter-
leukin-6 in advanced solid tumor patients with bone
metastases and their possible implications in the
immunotherapy of cancer with interleukin-2. Eur J
Cancer 1997; 33:304-6.

239.Savage AD, Belson DJ, Vescio RA, Lichtenstein AK,
Berenson JR. Pamidronate reduces IL-6 production by
bone marrow stroma from multiple myeloma patients
[abstract]. Blood 1996; 88 (Suppl. 1):409.

240.Shipman CM, Rogers MJ, Apperley JF, Graham R, Rus-
sel G, Croucher PI. Bisphosphonates induce apoptosis
in myeloma cell lines: a novel anti-tumor activity. Br J
Haematol 1997; 98:665-72.

241.Aparicio A, Gardner A, Tu Y, Savage A, Berenson J,
Lichtenstein A. In vitro cytorreductive effects of multi-
ple myeloma cells induced by bisphosphonates.
Leukemia 1998; 12:220-9.

242.Chapel HMM, Lee M, Hargreaves R, Pamphilon DH,
Prentice AG. Randomised trial of intravenous immuno-
globin as prophylaxis against infection in plateau-
phase multiple myeloma. Lancet 1994; 343:1059-63.

J. F. San Miguel et al.




