
ORIGINAL ARTICLE

Impact of additional cytoreduction following autologous SCT in multiple

myeloma
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Reported results of high-dose therapy (HDT) reflect the
combined effect of initial therapy and HDT. The
incremental contribution of HDT is often difficult to
analyze with varying degrees of response pre-HDT. Here
we analyze results of HDT in patients with measurable
disease at transplant, defined as a serum or 24 h urine M
protein of 41.0 g per 100 ml and 4200 mg per day,
respectively. Paraprotein responses were calculated using
measurements prior to HDT and the lowest subsequent
measurement. A total of 431 patients were studied; 264
(61.3%) transplanted within 1-year of diagnosis. An
additional reduction in paraprotein by 50% following
HDT was seen in 86% patients; with 129 patients (30%)
obtaining a 90% reduction. Patients with at least a 90%
reduction had longer time to progression with no overall
survival advantage and this was independent of other
prognostic factors for decreased risk of progression. This
study provides an estimate of the degree of tumor
reduction provided by HDT, in addition to that provided
by the initial therapy. In this group of patients with
measurable disease after initial therapy, HDT therapy
leads to complete responses in nearly a quarter of the
patients and a 90% reduction in another 7%, an outcome
associated with better progression-free survival.
Bone Marrow Transplantation (2008) 42, 259–264;
doi:10.1038/bmt.2008.166; published online 16 June 2008
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Introduction

High-dose therapy (HDT) and autologous SCT (ASCT)
have been shown to improve survival in patients with
myeloma compared to conventional chemotherapy in
randomized trials and remain the standard of care for

patients eligible to undergo the procedure.1–3 Patients with
newly diagnosed myeloma either proceed to HDT after 4–6
cycles of initial therapy with different regimens or consider
the procedure at the time of relapse from their initial
therapy. Randomized trials have not demonstrated any
survival advantage for the early HDT approach, although it
appears to provide a better quality of life in terms of the time
with out treatment and symptoms.4 Since the initial trials of
HDT in myeloma, several approaches have been tried to
enhance the efficacy of transplantation as a therapeutic
modality in myeloma. These have included the use of higher
doses of melphalan,5,6 incorporation of newer agents into the
conditioning regimen7 as well as the use of tandem
transplant.8 Although the use of tandem ASCT results in
improved survival in a subgroup of patients failing to
achieve at least a very good partial response (VGPR) from
initial transplant, other approaches have not been successful.
In patients undergoing a planned induction therapy in

preparation for HDT, the reported response rates usually
represent the cumulative effect of the induction therapy as
well as the conditioning therapy used for the SCT.
Although results from some of the clinical trials report
the proportion of patients in each response category at each
stage of the therapy, these responses are calculated based
on the disease measurements at the time of diagnosis and
the individual contribution of the HDT itself is often
difficult to discern.9 Assessment of the paraprotein reduc-
tion following HDT will give us a better idea of the
individual contribution of HDT in terms of disease control
and will allow comparisons of approaches trying to
intensify the HDT process. We examined a cohort of
patients with measurable disease at the time of SCT and
assessed their response to HDT by comparing the best
response to HDT (lowest disease measurements post-HDT)
with the pre-HDT measurements to evaluate the impact of
high-dose melphalan or melphalan plus TBI.

Patients and methods

A total of 431 patients with multiple myeloma, who
underwent stem cell collection and ASCT between June
1989 and October 2005 at Mayo Clinic, Rochester, were
included in this study. We identified patients from our
transplant database with measurable disease at the time of
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initiation of transplant as defined by a serum M protein of
X1.0 g per 100ml, or 24 h urine M protein X200mg. Data
from patients undergoing SCT are captured prospectively
into a database that is continuously updated. Complete
follow-up was available for all the patients. All patients had
provided written informed consent for use of their medical
records. Approval of the Mayo Foundation Institutional
Review Board was obtained in accordance with Federal
regulations and the Declaration of Helsinki.
Stem cells were collected using G-CSF alone in 121

patients (28%). G-CSF was administered s.c. (10 mg/kg)
daily until the completion of PBSC collection with
aphereses beginning on the fifth day after starting G-
CSF. The remaining 310 (72%) patients had stem cells
collected after administration of CY 1.5 g/m2 per day for
2 consecutive days, followed by GM-CSF or G-CSF at
5 mg/kg starting on day 3 and continuing through the
period of granulocytopenia. Apheresis was performed once
the total WBC count exceeded 500 per ml during the initial
period and a CD34 count of 10 per ml was used as threshold
more recently. Prior to 1997 the target for the apheresis
procedure was 5� 108 mononuclear cells per kg, which
was subsequently replaced by quantitation of CD34þ

cells and the minimum target became 4� 106 CD34þ

cells per kg.
Total 304 patients (71%) underwent conditioning with

melphalan alone, at 200mg/m2 given either as a single dose
on day �1 or split over 2 days (100mg/m2, days �2 and
�1). In 23 patients (5%) melphalan dose was reduced to
100–140mg/m2 due to advanced age, renal insufficiency or
poor performance status. All transplants since June 2000
were carried out with melphalan 200mg/m2 conditioning,
reflecting a change in clinical practice based on results of
randomized trials. Prior to this date 104 patients (24%)
received melphalan at 140mg/m2 on day �4, followed by
total body radiation of 2Gy twice daily on days �3 to �1.
BM plasma cell labeling index (PCLI), cytogenetics, b2

microglobulin and other laboratory variables were assessed
pretransplantation. PCLI, a measure of DNA synthesis,
is determined using a slide-based immunoflourescence
method on BM samples, as previously described
and is considered high when X1%.10 Responses were
defined according to the European Blood and Marrow
Transplant criteria, using the measurements from just
before HDT and the lowest measurement obtained post
transplantation.11 VGPR required a 90% reduction
in the serum M component with urine protein o100mg
for 24 h. Overall survival (OS) was defined as the time
from transplantation or from the date of initial diagnosis
of myeloma to the date of death or last follow-up,
as the case may be. The w2- and Fisher’s exact tests
were used to compare differences among the patient
groups for nominal variables and the nonparametric
tests Mann–Whitney U-test or Kruskal–Wallis test
were used for continuous variables. Kaplan–Meier analysis
was used for analyzing OS and progression-free survival
(PFS) and differences between survival curves were
tested for statistical significance using the two-tailed
log-rank test.12 Multivariate analysis was performed
using Cox proportional hazards model13 or logistic
regression.

Results

A total of 431 patients, 276 (64%) men, with a median age
of 58 years (range, 32.6–74.9 years) at transplant, were
included in this study. These patients represent 64% of the
677 patients who underwent HDT for a diagnosis of
myeloma during the same time period, who had measurable
disease at the time of HDT. The majority of patients (362,
84%) had defined measurable disease by virtue of a serum
monoclonal protein X1.0 gm per 100ml, with the rest
having measurable disease based on urine M protein
X200mg for 24 h (69 patients, 16%). The median time
from diagnosis to HDT was 7.7 months (range, 3 months to
16 years) with 264 (61%) patients undergoing SCT within
12 months of diagnosis (early transplants). A total of 341
(79%) of the patients have relapsed since HDT. At the time
of this analysis, 200 (46%) of the patients were alive with a
median follow up of 42.5 months (range, 11.9 months to
13.2 years) from HDT and 53.2 months (range, 17.6
months to 18.2 years) from diagnosis. The median number
of treatment regimens before HDT was 1 (range, 1–5) with
those undergoing HDT within 12 months of diagnosis
receiving fewer therapies as expected (P¼ 0.02). Nearly a
third of the patients (144; 33%) were responding to the
previous therapy or in a disease plateau at the time of
transplant, 102 (24%) were primary refractory to initial
therapy, 101 (23.5%) had relapsed off therapy and 84
(19.5%) were relapsing on the previous therapy. Baseline
characteristics for the entire group as well as the groups
going to transplant early and late are detailed separately in
Table 1.
The overall partial response to HDT alone was 86%, 129

patients (30%) satisfied criteria for VGPR or better, of
whom 98 patients (23%) satisfied criteria for CR. The
partial response rate was higher among the early HDT
group compared to the late HDT group (92 vs 82%,
Po0.01); no difference was seen in the VGPR/CR rates
(Table 2). The PR or better rates for patients in a disease
plateau at the time of transplant, primary refractory to
initial therapy, relapsed off therapy and relapsing on the
previous therapy were 80, 82, 88 and 86%, respectively
(P¼NS) and there were no differences in the VGPR or CR
rates. There were no differences in terms of response rates
whether CY was used for stem cell mobilization.14

However, patients receiving Mel–TBI were more likely to
attain a VGPR/CR compared to those receiving melphalan
alone at 200 or 140mg/m2 (44 vs 32%; P¼ 0.02). However,
this difference was mostly seen among those patients with
relapsed or refractory disease at the time of HDT. In a
logistic regression model examining pretransplant factors
predicting for a VGPR post-HDT, a lower M-protein
concentration in the serum or urine and the use of TBI-
based conditioning regimen were significantly associated
with attaining a VGPR.
The median time to progression (TTP) for the entire

group was 17.4 months (95% CI 15.6, 19.2 months) with
the TTP being greater for those achieving a VGPR or better
(22.6 vs 15.3 months, Po0.001; Figure 1) and for those
achieving a CR (25.6 vs 15.3 months, Po0.001). However,
there was no difference in terms of OS from HDT or from
diagnosis based on the ability to achieve a VGPR
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(Figure 2). Also, the median TTP as well as OS from HDT
was similar for the groups achieving at least a PR compared
to those failing to do so. As expected, patients undergoing
an early transplant had significantly better median TTP
(21.3 vs 12.7 months, Po0.001) and OS from transplant
(62 vs 30.6 months, Po0.001) and no difference in the OS
from diagnosis. We examined the effect of achieving a
VGPR on the TTP and OS post transplant in these groups
separately. Among the patients undergoing early HDT, the
median TTP from transplant for those achieving a VGPR
was 29.9 vs 19.7 months (Po0.01) for those with no VGPR
(Figure 3a) and there was no difference in the OS from
transplant. Among the late transplants, the median TTP for
those with a VGPR was 16.7 vs 11.8 months for those
with no VGPR (Po0.001; Figure 3b). We also separately
examined the effect of VGPR on TTP and OS among those
in a plateau at HDT and those with active disease at HDT
(primary refractory, relapsing off therapy or relapsing on
therapy). Among patients with primary refractory or
relapsed disease at HDT, the TTP was longer for those
with a VGPR or better (19.8 vs 12.9 months; Po0.001)
with no difference in the OS. Similarly, among those in a
plateau at HDT, the median TTP was longer with a VGPR
(34.5 vs 20.8 months; Po0.01) with no difference on OS.

However, among patients receiving Mel/TBI conditioning,
the higher VGPR rates did not translate into any
improvement in the TTP compared to those receiving
melphalan-only conditioning.
We examined various pretransplant characteristics for

their effect on the risk of progression. In a univariate
analysis, late transplant (beyond 12 months from diag-
nosis), relapsed or primary refractory disease at time of
transplant, PCLI X1%, presence of abnormal cytogenetics
and lack of a VGPR were all predictive of early progression
after HDT. In a multivariate analysis incorporating these
factors, late transplant, PCLI X1%, presence of abnormal
cytogenetics and lack of a VGPR were all independently
predictive for a shorter median time to progression.

Table 2 Transplant characteristics

Characteristics All patients, %
(n¼ 431)

Early transplant,
% (n¼ 264)

Late transplant, %
(n¼ 167)

Cytoxan for stem
cell harvest

72 70.4 74.6

Conditioning regimen
Mel-200 70.8 79.6 56.8
Mel-140 5.2 6.3 3.6
Mel–TBI 23.9 14.1 39.7

XPR 86 82.2 92.2
XVGPR 30 30 30
CR 22.8 23.1 22.2

Abbreviation: VGPR¼ very good partial response.

Table 1 Baseline features at transplant

Characteristics All patients (n¼ 431) Early transplant (n¼ 264) Late transplant (n¼ 167)
Variable Median (range) Median (range) Median (range)

Age at diagnosis 56.6 (24–73) 57.7 (32–73) 54.4 (24–73)
Age at transplant 57.8 (33–75) 58.2 (33–73) 57.1 (33–75)
Time to transplant (months) 7.7 (3–196) 6.2 (3–11.8) 31.1 (12.1–196)
Serum M protein level 2 (0–10.4) 1.9 (0–6.9) 2.3 (0–10.4)
BM plasma cell (%) 21 (0–95) 17 (0–95) 29 (0–95)
Creatinine 1.1 (0.6–10) 1.1 (0.6–10) 1.1 (0.6–2.8)

Gender: male (%) 64 61.9 67.5
Durie salmon stage (%)
2 29.2 31.7 25.1
3 70.3 68.3 74.9

Relapse/refractory (%) 66.5 48.2 95.9
PCLI 4¼ 1% (%) 36.7 29.1 48.8
b2 Microglobulin 4 3.5 (%) 12.9 12.3 13.9
Bone disease (%) 84.7 83.3 87
Abnormal cytogenetics (%) 30.3 23.8 40.9

Abbreviation: PCLI¼ plasma cell labeling index.
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Figure 1 Kaplan–Meier curves demonstrating the time to progression
after high-dose therapy (HDT) based on response, very good partial
response (VGPR) or more vsoVGPR. The survival curves were compared
using log-rank test.
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Finally, we also compared the outcome of the group of
patients with measurable disease at HDT (431 patients)
with the 246 patients without measurable disease at HDT.
The median TTP for the patients without measurable
disease at HDT was 22 months (95% CI, 17.5–25.5)
compared to 17.4 months (95% CI, 15.6–19.2) for those
with measurable disease at HDT (Po0.01). However, there
was no significant difference in the OS from HDT.

Discussion

High-dose chemotherapy was initially conceived as a
mechanism to overcome drug resistance in patients with
myeloma by McElwain and Powles15 nearly three decades
ago. This was further refined by addition of autologous
stem cell rescue that enables rapid recovery of the blood
counts and decreases the morbidity and mortality asso-
ciated with prolonged cytopenias.16,17 Over the years, HDT
has been increasingly used for the treatment of newly
diagnosed myeloma patients where initial reduction of
tumor burden is achieved through 4–6 months of induction
with different regimens before proceeding to HDT.1–3

A substantial proportion of patients refractory to induction
will obtain benefit from HDT.4

It is often difficult to discern the individual contribution
of HDT from the pretransplant induction. We have
examined a group of patients with measurable disease at
the time of initiating stem cell harvest and HDT to provide
a better idea of the degree of tumor reduction achieved by
HDT. This group represents nearly two-thirds of patients
going to HDT and as expected, and is enriched with
patients who obtained a poor response to initial therapy or
relapsed from their previous treatment by virtue of the
requirement for a measurable M-protein pretransplant. It is

known that patients with newly diagnosed myeloma
refractory to initial treatment obtain the same degree of
benefit from HDT as those patients responding to initial
therapy.18–20 In the relapsed setting, although demonstra-
tion of chemosensitivity is not a prerequisite for HDT,
patients who are progressing in the face of ongoing therapy
have inferior outcomes compared to those with disease
relapsing after discontinuation of therapy.21 In addition,
given the known differences in the time to progression after
HDT in patients going for early HDT compared those
receiving later HDT, we chose to perform additional
analyses comparing the effects of HDT in the two
populations.
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Figure 2 Kaplan–Meier curves demonstrating the overall survival from
high-dose therapy (HDT) based on response, very good partial response
(VGPR) or more vs oVGPR. The survival curves were compared using
log-rank test.
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Figure 3 Kaplan–Meier curves demonstrating the time to progression
after high-dose therapy (HDT) based on response, very good partial
response (VGPR) or more vs oVGPR among patients undergoing early
HDT (a) and late HDT (b). The survival curves were compared using log-
rank test.
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The majority of patients in this study achieved a 50% or
greater reduction in their pre-HDT M protein and this
response rate was higher in patients undergoing an early
compared to late transplant and reflects the reduced
sensitivity of tumor cells to melphalan in this heavily
pretreated population. Nearly 80% of patients undergoing
late transplant had previously been exposed to melphalan
and had more prior regimens compared to 8% of patients
in the early transplant group. Among the study patients,
nearly a third achieved an over 90% reduction in the tumor
burden or a VGPR including a CR in a quarter of the
patients. There was no difference in terms of the VGPR or
CR rate among the early transplants compared to the late
transplants. However, one needs to take into consideration
that some of the patients classified as PR after ASCT would
have been classified as VGPR, if the response had been
calculated based on the tumor measurements from diag-
nosis. This could partially explain the rate of VGPR seen
with the early transplant group, which is lower than
reported in other trials. The CR rate of 25% is also slightly
lower than reported in some clinical trials and is lower than
the CR rate for the entire transplant cohort at our
institution (33%, data not shown). This is likely explained
on the basis of exclusion of patients with more sensitive
disease. The response rates seen here were independent of
the disease status at HDT, whether in a disease plateau,
primary refractory to initial therapy, relapsed off therapy
or relapsing on the previous therapy, reflecting the ability
of HDT to at least temporarily overcome drug resistance.
This is consistent with previously published data demons-
trating benefit for HDT in patients with refractory disease.
The degree of additional cytoreduction achieved by high-

dose melphalan has an impact on the time to progression.
In the current study, patients achieving a VGPR or better
between completion of induction and transplantation had a
longer time to progression compared to those who failed to
achieve this degree of response to high-dose melphalan.
This beneficial effect of tumor reduction was evident for
both patients with early as well as the late HDT. The
benefit of achieving VGPR or CR is consistent with other
reports.22,23 However, it is of interest that similar rates of
VGPR and CR were seen in the late transplant group,
however the median time to progression remained inferior
in this group of patients compared to those undergoing
early transplant, likely a reflection of the altered disease
biology following progression. In this study, patients
achieving a CR prior to HDT have been excluded as we
had focused on those patients who still had measurable
levels of residual disease left behind after the initial therapy.
However, previous analysis had shown that there was no
difference in the outcome between those achieving a CR
before or after HDT, highlighting the prognostic value of
this degree of tumor reduction, whether a reflection of the
HDT or of disease biology.24 However, as in some of
the other studies where depth of response have clearly
correlated with the time to progression and not OS, we did
not see any impact of the depth of response on the OS.25

Other trials have failed to demonstrate any benefit on the
PFS as well as in the case of the recent Intergroupe
Francophone du Myélome trial comparing MPT regimen
to two cycles of Mel-100.26

One of the interesting findings is the association between
a TBI-based conditioning regimen and the higher rates of
VGPR. This higher VGPR rate did not translate into a
better TTP in this study. In the French trial that compared
Mel-200 with Mel-140 and TBI, the CR rates were
comparable for the two groups.27 In the current study,
the differences were more significant for those patients who
had relapsed or refractory disease at the time of HDT and
could reflect the heightened activity of radiation in patients
previously exposed to and not responding to traditional
chemotherapy agents. It raises the question whether a
melphalan TBI regimen may provide additional benefit for
this group of patients, albeit likely with higher toxicity.
This clearly will have to be answered in the setting of
prospective clinical trials.
In conclusion, we provide some estimate of the degree of

tumor reduction provided by the HDT in addition to that
provided by the initial therapy. The data presented here are
more applicable for patients with lower degrees of response
to the initial therapy, given the study design. However, the
numbers may allow comparison with novel conditioning
regimens that are being evaluated to improve the efficacy
rates of HDT.
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