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Graft outcome

Impact of complete remission with intensive therapy in patients with
responsive multiple myeloma
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Summary:

Clinical outcomes were assessed in 68 consecutive
patients with multiple myeloma of high or intermediate
tumor mass that had responded to VAD or dexame-
thasone-based therapy and were consolidated with early
intensive therapy and autologous stem cell transplan-
tation. Results were compared with those of 50 compa-
rable patients who refused or were unable to receive
intensive treatment for socioeconomic reasons. Follow-
ing high-dose therapy, the rate of CR increased from 6
to 37%, with median survival prolonged by 10 months.
Survival of 21 patients with disease converted from PR
to CR (median 8.3 years) was significantly longer than
that of similarly-treated patients who remained in PR
(median 5.0 years). CR of myeloma represents the
major surrogate marker of long survival and the pri-
mary goal of myeloablative treatment for patients in
PR. Twelve of 18 patients with rapid reduction of mye-
loma protein (T. , 0.5 months), and myeloma protein
reduction to ,1.0 g/dl after primary therapy achieved
CR (67%), identifying pretransplant features favorable
to intensive therapy. Among 35 patients with slower
reduction or higher residual myeloma protein, CR
occurred in eight patients (23%) (P , 0.01), for whom
other treatments should be considered. The kinetics of
response to initial therapy should be considered in sel-
ecting patients more likely to achieve CR and conse-
quent long survival after intensive treatment.Bone Mar-
row Transplantation(2001)27, 1037–1043.
Keywords: multiple myeloma; autologous cell transplan-
tation; survival and remission times

Numerous studies have assessed the role of myeloablative
therapy supported by autologous stem cell transplantation
for patients with multiple myeloma.1–8 Most reports have
described a higher frequency of CR than that achieved with
standard therapies, a potentially higher risk of morbidity or
death among patients older than 65, and less benefit for
patients in later phases of disease. One randomized com-
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parison of standardvs intensive therapy in newly diagnosed
patients confirmed a significantly higher frequency of PR,
CR, and longer survival, for patients who received early
myeloablative therapy.5 We and Bladeet al observed simi-
lar survivals among patients transplanted during remission
in a retrospective comparison with matched controls, while
Fermandet al observed similar outcomes in a prospective
study among patients aged 55–65 assigned at random to
intensive or standard treatments.3,9,10 Several analyses of
prognostic factors have revealed significantly shorter sur-
vivals for patients with more advanced disease, high serum
B2M or deletions of chromosome 13.5,11 Thus, there is con-
cern whether myeloablative treatment is useful for all
patients or whether meaningful benefit is limited to sub-
groups yet to be identified. We analyzed the outcomes of
consecutive patients with disease of high or intermediate
tumor mass that had responded to primary treatment, and
who then received early intensive therapy with autologous
stem cell transplantation. In comparison with a matched
control group treated concurrently, results showed longer
survivals for all patients, and significantly longer survivals
and relapse-free survivals for the higher percentage of
patients with disease converted to CR. These findings con-
firm and extend those reported by Attalet al5 and Lahuerta
et al.12 In addition, rapid and marked reduction of myeloma
with initial chemotherapy were associated with more fre-
quent CR after intensive treatment, adding factors
that reflect tumor sensitivity in selection of patients for
consolidation treatment.

Patients and methods

Patients

Between 1986 and 1999, 68 patients with advanced mul-
tiple myeloma in partial or complete response received
intensive, myeloablative therapy supported by autologous
marrow or blood stem cells within 1 year of primary ther-
apy. Patient characteristics are summarized in Table 1. The
median age of the transplanted group was 49 (range 32–
60), all had good performance, and adequate cardiac, pul-
monary and renal function. Only patients with high or inter-
mediate tumor mass and serum myeloma protein were con-
sidered in order to focus on a uniform group of patients
with advanced disease who received early consolidation
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Table 1 Clinical features at diagnosis of patients who received inten-
sive therapy during remission and of control patients

Transplanted Control

No. patients 68 50
Median age (range) 49 53

(32–60) (25–60)
Pretreatment features

Tumor mass (%)
High 50 34
Intermediate 50 66

Hgb ,10.5 g/dl (%) 74 66
Creatinine.2.0 mg/dl (%) 19 10
Serum B2M (mg/l) 4.7 4.2

(median and range) (2.0–14.8) (1.9–14.4)
LDH .300 U/l (%) 12 6

Median months to:
Remission 1.2 0.9
Ablative therapy 6.5 NA

NA = Not applicable.

treatment; the data of five patients with prior disappearance
of only Bence Jones protein were excluded. All received
intensive therapy after at least two courses of vincristine–
doxorubucin by continuous infusion with pulse dexame-
thasone (VAD; 12 patients), pulse dexamethasone alone (30
patients), high-dose cyclophosphamide–etoposide with
dexamethasone (18 patients) or a combination of fraction-
ated high-dose cyclophosphamide with VAD (eight
patients).13–15 Because disease features, response rate and
survival were similar among large series of patients who
received each of these treatments, all patients were ana-
lyzed together.

Treatment

The median time between initial chemotherapy and inten-
sive treatment was 6.5 months (range 2–12 months).
Patients received one of two myeloablative regimens prior
to autologous stem cell transplantation. Twenty-one
patients received a combination of melphalan (140 mg/m2)
and TBI (850 cGy) from 1987 to 1991;3 40 received a com-
bination of thiotepa (750 mg/m2), busulfan (10 mg/kg) and
cyclophosphamide (120 mg/kg) between 1991 and 1999;16

since 1994, cyclosporine was added to the latter program
for seven patients in an attempt to exploit a possible graft-
versus-tumor effect.17 Within 48 h after completion of ther-
apy, patients received either ABMT (.1.0 × 104 granulo-
cyte–macrophage colony-forming units (CFU-GM)/kg)
(1986–1991), or blood stem cells with.2 × 106 CD34+

mononuclear cells/kg (1992–1999). Because disease fea-
tures and outcomes were similar for patients who received
different intensive treatments or sources of stem cells, all
patients were combined in the analysis of transplant-sup-
ported therapy.16 Specifically, there was no effect of source
of stem cells and time of study on frequency of early death,
frequency of CR or survival.

Staging and response

Prior to initial therapy, tumor mass was defined in each
patient as high or intermediate by standard criteria. High

tumor mass required either Hb less than 8.5 g/dl or serum
calcium greater than 11.5 mg/dl; intermediate tumor mass
was defined by Hb between 8.5 and 10.5 g/dl or serum
myeloma protein greater than 4.5 g/dl. Partial response was
defined as.75% reduction of initial serum myeloma pro-
tein production,.95% reduction of Bence Jones protein,
and reduction of marrow plasmacytosis to less than 5%;
rapidity of response was assessed from the T. of IgG or IgA
myeloma protein reduction;18 CR required disappearance of
serum myeloma protein by immunofixation. All patients
were maintained on IFN 1.5–3.0 MU s.c. 3× weekly from
time of hematologic recovery. Relapse was defined by earl-
iest of either recurrent serum myeloma protein that had dis-
appeared, doubling of myeloma protein, new lytic bone
lesions or marrow plasmacytosis.10%.

Control patients

Fifty control patients were identified with the same clinical
features who were responsive to the same primary therapies
and met the eligibility criteria for myeloablative therapy,
but did not receive such treatment. Patients either refused
intensive treatment or were denied coverage of the pro-
cedure by their insurance company. As in patients who
received intensive therapy, control patients were 60 years
old or less, had myeloma of high or intermediate tumor
mass at diagnosis, presented with serum myeloma protein,
received the same therapies during the same time period,
were free of serious cardiac, pulmonary, or renal dysfunc-
tion, and would have received myeloablative treatment if
possible. Major prognostic factors were similar for patients
who received a transplant-supported program or were
continued on standard treatment (Table 1).

Statistical analysis

Chi-square tests were used to compare complete remission
rates. The Kaplan–Meier method was used to calculate sur-
vival and progression-free survival times, and differences
were compared by the log rank test. Survival was measured
from initial therapy for all patients; progression-free sur-
vival was calculated from onset of partial response to first
objective sign of relapse or death from unrelated disease.

Results

Complete remission

CR had occurred with initial therapy in four responding
patients who received later myeloablative treatment (6%)
and in five control patients who received standard VAD or
dexamethasone-based therapy (10%), similar to our pre-
vious experiences.13,14 After intensive treatment, CR was
induced in 21 additional patients so that the total frequency
of CR among transplanted patients of 37% was significantly
higher than that of control patients (P , 0.01). Conversion
of PR to CR was recognized by a median 5.3 months after
high-dose treatment (range, 1–12 months).
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Early death

Treatment-related death occurred in five patients who
received intensive treatment (7%), namely in two of 53
patients less than 55 years old (4%) and in three of 15
patients aged 55–60 (20%) (P = 0.03). Causes of death were
multiorgan failure (three patients), respiratory syncytial
viral pneumonia (one patient) and failure of bone marrow
engraftment (one patient). Transplant-related deaths
occurred at a median 10 months after primary therapy
(range 4–15 months) and 1.9 months after transplantation
(range 1.1–3.1 months). No other factors were associated
with early death, such as source of stem cells or pre-1990
vs later transplant.

Survival and remission

Deaths have occurred in 57% of all patients. The median
survival was 10 months longer for transplanted patients in
comparison with control patients (Figure 1, left panel) (P
= 0.12). In order to focus on the role of intensive therapy
in converting PR to CR, we excluded from subgroup analy-
ses the four patients with CR prior to intensive therapy.
Median survival of 21 patients with disease converted from
PR to CR after intensive therapy (8.3 years) was more than
3 years longer than those of 43 patients who remained in
PR (5.0 years), or of 45 patients with persistent PR after
standard therapy (4.4 years) (P = 0.03) (Figure 1, right
panel).

Relapse-free survival was longer for patients converted
to CR when relapse-free survival was defined by the earliest
of either disease relapse or death from any cause. The
median relapse-free survival of 21 patients with CR
induced by ablative therapy was 4.1 years, approximately 2
years longer than the progression-free survival of 43 similar
patients who remained in PR after intensive therapy
(median 2.3 years), or of 45 patients with persistent PR
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Figure 1 Left panel. Survival from primary treatment of 68 responding patients intensified during remission in comparison with 50 control patients
continued on standard treatment. Right panel. Survival of 21 patients with disease converted from PR to CR, 43 patients with persistent PR despite
intensive treatment, and 45 patients with disease in PR after standard therapy (P = 0.03).

Bone Marrow Transplantation

after standard therapy (median 2.1 years) (P = 0.26). CR
has been sustained for more than 8 years in two patients
who received intensive treatment and in two patients given
standard therapy.

Complete remission with standard therapy

Survival and remission were assessed in 13 similar patients
with CR only to standard therapy. These included the five
control patients included here, as well as five patients
< age 60 treated earlier from 1975 to 1986 and three
patients aged 61–67 treated from 1987 to 1999, all with
similar high or intermediate tumor mass and serum myel-
oma protein at diagnosis (both older age and treatments
prior to 1986 have been associated with shorter survival
than those observed with more recent treatments in younger
patients9). Figure 2 shows similar survival and myeloma-
specific survival for 13 patients in CR with standard therapy
and 21 patients converted from PR to CR by intensive ther-
apy; median relapse-free survival times were also similar
at approximately 4 years when relapse was censored at
death from causes other than myeloma.

Prognostic factors

Multiple factors were assessed in order to identify those
that might be associated with conversion of PR to CR after
intensive treatment. These included age, protein type, tumor
mass, serum B2M, level of myeloma protein at diagnosis
and prior to intensive treatment, prior speed of myeloma
protein reduction and months to partial remission. The only
suggestive factors are shown in Table 2 with combinations
of features assessed in Figure 3. CR occurred in 12 of 18
patients with rapid reduction of serum myeloma protein to
initial therapy (T. ,0.5 months) and serum myeloma pro-
tein ,1.0 g/dl prior to transplant, in eight of 20 patients
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Figure 2 Left panel. Survival from primary therapy of similar responding patients in complete remission who had received intensive or standard
treatment. Right panel. Myeloma-specific survival of same patients with lifespan censored at death from unrelated disease.

Table 2 Clinical features associated with complete remission after
myeloablative therapy

No. P
CR/Total

(%)

Before primary treatment
All patients 21/64 (33)a

LDH (U/L) (normal ,225 U/l)
,300 15/34 (44)

0.06
.300 0/5 (0)
Missing data 6/25 (24)

B2M (mg/l)
,5.0 14/30 (47) 0.10
>5.0 6/24 (25)
Missing data 1/10 (10)

After primary treatment
Myeloma protein halving (months)

,0.5 17/28 (61)
,0.01

>0.5 3/25 (12)
Missing data 1/11 (9)

Months to remission
,1.0 13/26 (50) 0.02
>1.0 8/36 (22)
Missing data 0/2

Pretransplant myeloma protein (g/dl)
,1.0 16/31 (52)

,0.01
>1.0 5/33 (15)

aFour patients in complete remission prior to intensive therapy were
excluded from this analysis.

with either finding, and in none of 15 patients with neither
feature (P , 0.01). A similar relation was found when short
time to PR (,1.0 month) was substituted for rapid
myeloma protein halving time.

Discussion

During the past 10 years, there have been many studies of
myeloablative therapy supported by autologous stem cell
transplantation for patients with multiple myeloma.1–8 Most
centers have agreed on the potentially higher risk for older
patients so that few patients older than 65 have received
such treatment. Yet, a recent report has described similar
outcomes among 49 selected patients older than 65
(representing 9% of treated patients) who received high-
dose melphalan alone supported by autologous stem cell
transplantation, in comparison with 49 matched, younger
patients.19 Patients treated later in their course, such as dur-
ing resistant relapse or with more than 1 year of primary
resistant disease, have also benefitted less than those treated
earlier.3,11 One controlled study has described significantly
longer progression-free survival and survival among
patients randomized to myeloablative treatment in compari-
son with continued standard treatment,5 while a similar ran-
domized study among patients aged 55–65 found less dif-
ference.10 Two retrospective studies have described similar
outcomes with intensivevs standard therapies for patients
with responsive disease of comparable age and disease
stage,3,9 while other retrospective comparisons showed
longer survival for all transplanted patientsvs matched
controls.7,20

Because of the high morbidity, occasional mortality,
expense and social dislocation associated with intensive
treatment supported by autologous stem cell transplan-
tation, we defined the efficacy of this procedure in a retro-
spective analysis of consecutive patients with advanced dis-
ease that had responded to VAD or similar programs with
high-dose dexamethasone. Results were compared with
those of control patients who were matched for major prog-
nostic variables and qualified for transplantation in all
respects but either refused or were denied treatment for
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Figure 3 Left panel. Occurrence of CR or PR after intensive therapy in relation to pretransplant level of serum myeloma protein and rapidity of prior
reduction. Right panel. Similar correlation of CR or PR with time to remission substituted for myeloma protein halving.

socioeconomic reasons. Undetected selection factors may
have excluded some patients from either group, perhaps
biasing the outcomes, but such effects would have been
small. Our patients were homogeneous in terms of their
advanced disease at diagnosis, that was responsive to pro-
grams with repeated dexamethasone, consolidated with
myeloablative treatment during the first year, and with out-
comes compared with those of a matched control group.
One shortcoming was the absence of consistent studies of
special biologic features such as plasma cell labeling index
or cytogenetics.

Among patients with responsive disease, the overall fre-
quency of CR (as defined by disappearance of serum myel-
oma protein by immunofixation) increased with intensive
treatment from 6 to 37%. Similar high frequencies of CR
have been described by others.2,4–8 Some of the slight dif-
ferences in various studies could be due to the inclusion of
patients with nonsecretory disease or only Bence Jones pro-
tein that had disappeared prior to treatment, where criteria
for CR are less clear. The role of interferon in contributing
to conversion of PR to CR after transplant was also uncer-
tain, but probably had less impact on reduction of myeloma
than the prior intensive therapy.

Patients who developed CR after intensive therapy
experienced longer survival and relapse-free survival than
comparable patients with persistent PR. The median gains
of approximately 3 years of survival and 2 years of relapse-
free survival represent important indices of the potential
magnitude of benefit to weigh against the medical risks,
expense, and social adjustments. Since durations of disease
stability and survival were similar for patients with disease
in persistent PR after intensive or standard therapies, induc-
tion of CR represents the primary goal of consolidation
treatment for patients in PR after initial therapy. These con-
clusions confirm those reached in larger series by Attalet
al and Lahuertaet al, who have emphasized the importance
of CR as a major factor for long survival.

The similarly long survival of approximately 8 years for
patients in CR after either standard or transplant-supported
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therapy indicated that achievement of CR as a surrogate
marker of long survival was more important than the
method used in reaching this goal. Not clear is whether
patients already in CR with initial therapy gain further with
intensification. While further studies are needed, the burden
of proof appears to rest with those who favor intensive ther-
apy for all patients in CR, especially older patients and
others at high risk for serious complications.

Treatment-related deaths were usually due to multiorgan
failure and/or opportunistic infection attributed to the toxic
effects of intense chemotherapy, especially in patients older
than 55. Less intensive therapies, such as melphalan (200
mg/m2) given once or melphalan (140 mg/m2) given twice,
have induced similar high frequencies of complete
remission with less early mortality of,5%.2,7 In fact, a
recent randomized comparison showed superior results with
high dose melphalan alone (200 mg/m2) than with a lower
dose of melphalan and total body irradiation.21 In addition,
the substitution of blood stem cells for marrow as a source
of transplanted cells has been associated with earlier and
consistent engraftment.8,16 Thus, some of our treatment-
related mortality should be avoided with less intensive ther-
apy supported by autologous blood stem cells and should
permit treatment of more older patients as proposed by the
Arkansas group.19

The occurrence of CR after ablative therapy was more
likely among patients with a high degree of myeloma sensi-
tivity to initial therapy. Provided a VAD or dexamethasone-
based primary therapy had been given, criteria were defined
that were associated with a CR rate in the 67% range in
comparison with a much lower frequency for other patients.
Such kinetic considerations of primary tumor sensitivity
should be considered with other factors, such as age, per-
formance and major organ functions in balancing the over-
all benefit and risk of intensive treatment, especially for
older patients. Our model should also permit more rapid
assessment of innovative intensive treatments, by focusing
on the frequency of CR for subgroups of patients with fav-
orable or unfavorable kinetic features. The previously
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observed relation between rapid disease response and early
relapse of myeloma has not been observed with recent
VAD and high-dose dexamethasone regimens for reasons
not clear. One factor may be the much more rapid onset of
remission with repeated dexamethasone regimens in
contrast to previous programs.

Alternative strategies should be considered for
responding patients with disease unlikely to meet the cri-
teria for CR. These include experimental therapies that add
166holmium DOTMP (a bone-seeking radioisotope without
extramedullary toxicity) to established ablative therapies, or
that exploit a graft-versus-tumor effect with less intensive
treatment supported by HLA-matched allogeneic transplan-
tation.22,23Attempts to purge tumor cells by stem cell selec-
tion have not been useful presumably because of the large
tumor burden that remains in most patients despite inten-
sive treatment.24 Prolongation of remission by other tech-
niques, such as with idiotypic or dendritic cell vaccination,
or with thalidomide maintenance, are also worthy of study
especially in attempts to convert PR to CR.25,26

For our patients whose disease relapsed on interferon,
several programs of therapy were given in sequential
phases, such as an alkylating agent-glucocorticoid combi-
nation, a VAD-based regimen and in recent years a thalido-
mide–dexamethasone combination. Most patients achieved
multiple remissions or prolonged stabilization of the myel-
oma. Such treatments were undoubtedly useful in pro-
longing lifespan for both transplanted and control patients
after initial relapse. The systematic application of effective
salvage therapies may well narrow current survival differ-
ences between transplanted and control patients.
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