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Minimal residual disease (MRD) assess-
ment is standard in many hematologic
malignancies but is considered investiga-
tional in multiple myeloma (MM). We re-
port a prospective analysis of the prog-
nostic importance of MRD detection by
multiparameter flow cytometry (MFC) in
295 newly diagnosed MM patients uni-
formly treated in the GEM2000 protocol
VBMCP/VBAD induction plus autologous
stem cell transplantation [ASCT]). MRD
status by MFC was determined at day 100

after ASCT. Progression-free survival
(PFS; median 71 vs 37 months, P < .001)
and overall survival (OS; median not
reached vs 89 months, P � .002) were
longer in patients who were MRD nega-
tive versus MRD positive at day 100 after
ASCT. Similar prognostic differentiation
was seen in 147 patients who achieved
immunofixation-negative complete re-
sponse after ASCT. Moreover, MRD�

immunofixation-negative (IFx�) patients
and MRD� IFx� patients had signifi-

cantly longer PFS than MRD� IFx� pa-
tients. Multivariate analysis identified
MRD status by MFC at day 100 afterASCT as
the most important independent prognostic
factor for PFS (HR � 3.64, P � .002)
and OS (HR � 2.02, P � .02). Our findings
demonstrate the clinical importance of
MRD evaluation by MFC, and illustrate the
need for further refinement of MM re-
sponse criteria. This trial is registered
at http://clinicaltrials.gov under identifier
NCT00560053. (Blood. 2008;112:4017-4023)

Introduction

In most hematologic malignancies, response to front-line therapy
is a good predictor of prognosis, with the longest survival seen
in patients achieving an optimal response. This paradigm is
represented by chronic myeloid leukemia (CML), in which
hematologic, cytogenetic, and molecular remissions define
progressively better response to therapy. In consequence, inves-
tigations to define these levels of remission are mandatory in
routine clinical practice for treatment stratification and assess-
ment of prognosis.1 The situation is similar for other malignan-
cies such as acute promyelocytic leukemia (APL) or acute
lymphoblastic leukemia (ALL).2,3 For this reason, there are
continuous efforts to improve the sensitivity of the methods
used to assess response to therapy, mainly through the introduc-
tion and refinement of both molecular and immunophenotyping
approaches, as well as imaging techniques.

Multiple myeloma (MM) should be no exception to this
paradigm. For many years, the major goal of MM therapy was to
achieve partial response (PR) or disease stabilization.4,5 With the
introduction of high-dose therapy plus autologous stem cell
transplantation (HDT/ASCT), the new goal became the achieve-

ment of complete response (CR), defined as absence of M-protein
by immunofixation (IFx) and less than 5% plasma cells (PCs) in
bone marrow (BM).6,7 More recently, the International Myeloma
Working Group proposed a new response category of “stringent
CR,” which requires normalization of the free light chain ratio and
the absence of residual clonal cells in the BM by immunohistochem-
istry or immunofluorescence.8 As noted previously, the assessment
of minimal residual disease (MRD), residual tumor cells persisting
after therapy, is part of the standard of care in many hematologic
malignancies, whereas in MM this is still considered investigational.
Thus, MRD studies in MM have involved mainly small series of
patients or have been retrospective studies, using molecular techniques
such as either polymerase chain reaction (PCR)9-13 or multiparameter
flow cytometry (MFC) immunophenotyping.9,14-16

Comparative analysis of PCR- versus MFC-based approaches
shows that PCR is a more sensitive technique (10�6 vs 10�4),17,18

although a newer generation of 6- and 8-color MFC approaches may
have sensitivities approaching or surpassing PCR.19 Moreover, MFC is
more broadly applicable in the MM patient population than PCR. MFC
involves the identification of phenotypic aberrancies in myelomatous
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plasma cells (MM-PCs) that are absent in normal plasma cells (N-
PCs)18,20,21; aberrant phenotypes are seen in more than 90% of MM
patients, whereas allele-specific oligonucleotide (ASO)–PCR is appli-
cable in only approximately 75% of patients.9 Moreover, MFC is less
time consuming, as ASO-PCR–based techniques require sequencing of
CDR3 to design specific primers for follow up of individual
patients.15,18,19,22

Here we report a prospective analysis of the prognostic
importance of MRD detection by MFC in BM samples obtained at
day 100 after ASCT in 295 MM patients uniformly treated
according to the GEM2000 protocol. Our results show that
attainment of MFC remission was associated with significantly
longer progression-free survival (PFS) and overall survival (OS),
and that MFC remission status was the most relevant independent
prognostic factor for patient outcome.

Methods

Patients and treatment

The current study was preplanned to evaluate MRD after ASCT in
patients uniformly treated according to the GEM2000 protocol.23 The
treatment scheme included 6 alternating cycles of vincristine, carmus-
tine, melphalan, cyclophosphamide, prednisone (VBMCP) and vincris-
tine, carmustine, doxorubicin, dexamethasone (VBAD), followed by
high-dose melphalan and ASCT. Criteria for entering into the MRD
study were partial response (PR) or better following ASCT (N � 577)
and BM sample available for immunophenotypic analysis both at
diagnosis and at day 100 after ASCT. Nevertheless, it should be noted
that for patients in PR with high residual tumor burden (M-component
� 1 g/dL and/or BM with more than 5% PCs) clinicians usually did not
send samples for MRD investigation. In total, 295 of the 577 patients
who were at least in PR after ASCT underwent MRD investigation. To
avoid selection bias, we compared the PFS of the 295 patients included
in this study with that of the total 577 patients; no significant differences
were observed between the 2 groups of patients, with a median PFS of
48 and 47 months, respectively. Written informed consent was obtained
in accordance with the Declaration of Helsinki, as well as Institutional
Review Board approval from each participating hospital.

Response assessment and immunophenotypic studies

Disease response was assessed at day 100 after HDT/ASCT according to
the European Group for Blood and Marrow Transplant (EBMT) criteria,7

modified to include the category of near complete response (nCR;
electrophoresis negative for M-protein, but IFx positive).24

BM samples were to be taken at diagnosis (baseline), and at day 100
after transplantation (n � 295). In addition, BM samples were obtained
after induction but before HDT/ASCT in a subgroup of patients (n � 157).
Erythrocyte-lysed whole BM samples were processed during the first
24 hours following aspiration and stained using a 4-color direct immunoflu-
orescence technique. At diagnosis, the following monoclonal antibody
combinations (FITC/PE/PerCP-Cy5.5/APC) were used for identification of
PC phenotypic aberrancies to be used as patient-specific probes for
assessment of MRD after therapy: CD38/CD56/CD19/CD45, CD138/CD28/
CD33/CD38, and CD20/CD117/CD138/CD38.16 In addition, an aliquot
stained only with CD38-APC was used as a negative control to evaluate PC
autofluorescence levels. For MRD investigation, the CD38/CD56/CD19/
CD45 combination differentiated residual MM-PCs from N-PCs in more
than 90% of cases. For the remaining patients, 1 or 2 additional monoclonal
antibody combinations were used, based on antigens such as CD28, CD117,
CD33, or CD20 that were aberrantly expressed at diagnosis.

MFC immunophenotyping was performed in a FACSCalibur flow
cytometer (BD Biosciences [BDB], San Jose, CA) with a double-step
procedure previously described18 and the CellQUEST software (BDB). In
the first step, 2 � 104 cells from the whole BM cellularity were measured. A

second acquisition was then performed; a minimum of 3 � 105 BM cells
were acquired, and information about PCs contained in a broad “live-gate”
drawn to select CD38hi events was recorded and stored. The multiparameter
strategy used to differentiate N-PCs from MM-PCs has been previously
described by our group,16,18,25,26 in line with the recently reported recommen-
dations of the European Myeloma Network.19 Briefly, PCs were initially
identified based on CD38 expression and intermediate side scatter (SSC)
signals. N-PCs were then distinguished from MM-PCs based on
differential expression of CD38, CD19, CD45, and CD56, and light
scatter characteristics. If differentiation could not be achieved, BM
samples were further stained with CD28, CD117, CD33, and/or CD20.
Data analysis was performed using Paint-A-Gate PRO software (BDB).
Patients were considered to be in MFC remission when MM-PCs were
undetectable in the BM sample at the MFC sensitivity limit of 10�4 (ie,
� 1 MM-PC in 104 N-PCs).

Statistical analysis

PFS was measured from the start of chemotherapy to the date of
progression, relapse from CR, or death. Patients who had not progressed or
relapsed were censored on the last date they were known to be alive and
without progression. OS was measured from the start of chemotherapy to
the date of death or last visit. PFS and OS distribution curves were plotted
using the Kaplan-Meier method; the log-rank test was used to estimate the
statistical significance of differences observed between curves. A univariate
analysis was conducted to assess the impact on PFS and OS of various
prognostic factors, including age, International Staging System (ISS)27

disease stage, hemoglobin, serum albumin, serum creatinine, serum �2-
microglobulin, the percentage of PCs in S-phase, and interphase fluorescent
in situ hybridization (FISH) cytogenetics at baseline, plus IFx status and
MRD status by MFC at day 100 after transplantation. The Cox regression
proportional hazard model (stepwise regression) was used in a multivariate
analysis to explore the independent effect of these variables on PFS and OS.
Variables were retained in the model if they showed a statistically
significant predictive value (P � .05). For all statistical analyses, SPSS
software (version 12.0; SPSS, Chicago, IL) was used.

Results

Patient characteristics and response to therapy

A total of 295 patients were included in the present analysis.
Baseline demographics and disease characteristics are shown in
Table 1. At day 100 after transplantation, 147 (50%) patients had
achieved CR; 40 (14%), nCR; and 108 (36%), PR. At data cutoff
for this analysis, 173 patients (59%) had relapsed/progressed and
91 (31%) had died; the median follow-up was 57 months (range:
3-127 months). Median PFS and OS for all 295 patients were
48 and 98 months, respectively.

The median overall level of PCs (N-PCs plus MM-PCs) seen in
MFC immunophenotypic analyses of BM samples obtained at
day 100 after transplantation was 0.26% (mean 0.57% � 1.33%
single standard deviation). Persistent MM-PCs were detected by
MFC in 170 patients (58%), who were considered MRD-positive
and had a median of 0.14% phenotypically aberrant PCs (range:
0.01%-4%). MM-PCs were absent (� 10�4) and only N-PCs
were detected in the remaining 125 patients (42%), who
were determined to be MRD negative (ie, in MFC remission).
As expected, the percentages of abnormal PCs detected by
MFC were significantly different in patients achieving CR, nCR,
and PR after transplantation (mean 0.10% vs 0.21% vs 0.76%,
respectively; P � .001).
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Prognostic impact on PFS and OS of MRD status by MFC
at day 100 after ASCT

Patients who were MRD negative at day 100 after transplantation
had significantly longer PFS (median 71 vs 37 months; P � .001;
Figure 1A) and OS (median not reached vs 89 months; P � .002;
Figure 1B) compared with patients who were MRD positive. The
5-year PFS rate was 60% in MRD-negative patients versus 22% in
MRD-positive patients (P � .001), and the respective 5-year OS
rates were 82% and 60% (P � .002).

Furthermore, MRD status by MFC at day 100 after ASCT
was prognostic for PFS and OS within the subset of 147 patients
who achieved CR (IFx negative for M-protein, � 5% PCs in BM
by conventional cytomorphology). The 5-year PFS rate was
62% in MRD-negative patients (n � 94) versus 30% in MRD-
positive patients (n � 53; P � .001; Figure 1C), and the respec-
tive 5-year OS rates were 87% versus 59% (P � .009; Figure
1D). We also analyzed the influence of MRD status on PFS and
OS landmarked from day 100 after transplantation, and both
PFS and OS remained significantly longer in MRD-negative
patients (data not shown).

A proportion of patients who were IFx positive for M-protein
(response of nCR or less) were nevertheless MRD negative by
MFC (n � 31; 21%). Median PFS and OS in these patients were
65 months and 82 months, respectively. PFS was significantly
longer in MRD-negative/IFx-negative and MRD-negative/IFx-
positive patients versus MRD-positive/IFx-negative patients
(median 71, 65, and 37 months, respectively, P � .001; Figure
2A), showing MRD status by MFC to be significantly more
important than IFx status. OS among these groups of patients is
shown in Figure 2B.

Prognostic factors for PFS and OS by univariate and
multivariate analysis

On univariate analysis, 5 factors in addition to MRD positivity by
MFC were identified as having a significant adverse impact on PFS
(Table 2): high-risk cytogenetics (any t(4;14), t(14;16), or del
(17p); P � .03), a high percentage of S-phase MM-PCs (� 1.5%;
P � .004), elevated baseline serum creatinine level (� 176.8 �M
[2 mg/dL]; P � .02), low baseline albumin level (� 35 g/L [3.5 g/
dL]; P � .04), and IFx-positive status at day 100 after ASCT
(P � .001). For OS, 7 factors in addition to MRD positivity by
MFC were identified as having a significant adverse impact (Table
2): age (� 60 years; P � .02), elevated baseline serum �2-
microglobulin (� 29 nmol/L [3.5 mg/L]; P � .001) and creatinine
(� 176.8 �M [2 mg/dL]; P � .005), low baseline hemoglobin
(� 100 g/L; P � .001) and albumin (� 35 g/L [3.5 g/dL];
P � .002), advanced disease (ISS stage III; P � .005), and IFx-
positive status at day 100 after ASCT (P � .015).

Notably, MRD status by MFC significantly differentiated
patients with more favorable (MRD negative) or less favorable
(MRD positive) prognosis for PFS within the low-risk groups of
patients with less than 1.5% S-phase MM-PCs (P � .001), �2-
microglobulin less than 29 nmol/L (3.5 mg/L; P � .001), and ISS
stage I disease (P � .013). The prognostic value of MRD status
was also evaluated in different cytogenetic risk subgroups, al-
though FISH information was available from only 97 patients.
Among standard-risk patients (absence of t(4;14), t(14;16), and del
(17p); n � 81), those who were MRD negative had longer PFS and
OS compared with MRD-positive patients (median PFS: not
reached vs 37 months, P � .001; median OS: not reached for both
groups, P � .05). Although the number of high-risk patients
(t(4;14), t(14;16), or del(17p)) by FISH analysis was small
(n � 16), interestingly those who achieved MRD-negative status
also had longer PFS and OS compared with MRD-positive patients
(median PFS: 30 vs 19 months, P � .07; median OS: 73 vs
35 months, P � NS).

By multivariate analysis, only MRD status by MFC at day 100
after ASCT and FISH cytogenetics were identified as independent
prognostic factors for PFS, and only MRD status by MFC and age
were identified for OS (Table 2). The relative risks of progression
and death among MRD-positive versus MRD-negative patients
were 3.64 (P � .002) and 2.02 (P � .02), respectively. The relative
risk of progression among patients with high-risk versus standard-
risk cytogenetics was 1.79 (P � .006), and the relative risk of death
among patients aged older than 60 years versus younger patients
was 1.63 (P � .04).

Prognostic impact on PFS and OS of MRD status before and
after ASCT

MRD information was available both before and after ASCT in a
subgroup of 157 patients. PFS and OS were evaluated in 3 groups
of patients defined according to their pattern of MRD status,
reflecting their chemosensitivity over the course of treatment.
Patients with the worst prognosis were “chemoresistant” patients
who were persistently MRD positive (ie, those who were MRD
positive both before and after transplantation; n � 93), who had a
median PFS of 40 months. Patients who were MRD positive before
ASCT but improved to MRD-negative after ASCT (n � 48) had an
intermediate prognosis, with a median PFS of 71 months. Patients
who achieved optimal response early, who were MRD negative
both before and after transplantation (n � 16), had the best
prognosis; median PFS was not reached in these patients. The

Table 1. Patient demographics and baseline characteristics

No.

Total no. 295

Male/female (%) 158 (54)/137 (46)

Median age, y (range) 59 (29-70)

Myeloma subtype (%)

IgG 161 (55)

IgA 79 (27)

IgD 2 (0.7)

IgM 1 (0.3)

Bence Jones protein 44 (15)

Nonsecretory 8 (2)

Durie-Salmon disease stage I/II/III, (%) 15 (5)/133 (45)/147 (50)

International Staging System disease

stage I/II/III, (%) 115 (39)/121 (41)/59 (20)

�2-microglobulin, mmol/L, median (range) 26 (1-347)

Hemoglobin, g/L, median (range) 109 (10-168)

Creatinine, mmol/L, median (range) 97 (44-654)

Calcium, mmol/L, median (range) 2.3 (0.6-4.5)

C-reactive protein, mg/dL, median (range) 1.3 (0-148)

Albumin, g/L, median (range) 37 (17-39)

% of plasma cells in S-phase, median (range) 1.2 (0-11.5)

Cytogenetics, n � 97

IgH translocations, (%)

t(4;14) 8 (8)

t(11;14) 14 (14)

t(14;16) 5 (5)

Others 5 (5)

Del(13q) (%) 30 (31)

Del(17p) (%) 5 (5)

High-risk, any t(4;14), t(14;16), or del(17p) (%) 16 (16)
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5-year PFS rates in these 3 prognostic subgroups were 25%, 57%,
and 80%, respectively (P � .001; Figure 3A). Similarly, MRD
status before and after ASCT determined differential prognosis for
OS; the 5-year OS rates in the 3 subgroups were 59%, 78%, and
100%, respectively (P � .06; Figure 3B).

Discussion

The clinical relevance of MRD investigation has been well established
in several hematologic malignancies such as ALL, acute myeloid
leukemia, CML, chronic lymphocytic leukemia, andAPL,1,28-34 and it is
currently used routinely in clinical practice for risk stratification and
treatment monitoring. In contrast, only preliminary results have been
reported in MM, typically based on molecular monitoring of very small
series of patients who underwent transplantation (N � 13-44).9-13 De-
spite this, these MM studies have shown that the level of residual clonal
PCs in the BM correlates with patient outcome, suggesting that the
information provided by MRD analysis in MM could be as valuable as
in other hematologic malignancies.

Although molecular techniques such as PCR have greater sensitivity
than conventional 4-color MFC, the latter is applicable to a greater
proportion of the MM patient population, less time-consuming, and
provides a sensitivity below the cutoff levels considered to be clinically

relevant (10�4) with molecular techniques.9,15,17-19,22 To our knowledge,
as yet only 3 small studies using MFC for investigation of MRD in MM
have been reported. The first, by our group, included 87 patients
randomized to either receive chemotherapy or undergo ASCT; we
showed that the transplant arm was associated with lower levels of
residual disease, which correlated with prolonged PFS, although the
independent prognostic value of MFC MRD evaluation was not
revealed.16 More recently, in a retrospective review of 47 patients, Liu et
al14 showed that patients with low levels of MM-PCs prior to ASCT
have a better outcome. Similarly, Rawstron et al15 and Davies et al35

showed that among 45 patients who underwent ASCT, those who
remained MRD positive at 3 months after transplantation had
shorter PFS than patients with undetectable disease. Moreover, these
3 studies show that MFC is more sensitive for MRD evaluation
than IFx, probably due to the different kinetics associated with
response to therapy.

In the present study, we confirm and extend these preliminary
results and show for the first time in a prospective study, involving
a large number of uniformly treated MM patients, that MRD status
by MFC at day 100 after ASCT is the most relevant prognostic
factor for MM patients. Specifically, patients with residual MM-PCs
had significantly shorter PFS and OS compared with those with no
detectable residual MM-PCs by MFC (ie, those who have attained
MFC remission). It should be noted that in patients with poor

Figure 1. Progression-free survival and overall survival according to the presence or absence of MM-PCs in the bone marrow at day 100 after ASCT.
(A,B) Progression-free survival (PFS) and overall survival (OS) for all patients included in the present analysis (N � 295). (C,D) PFS and OS among the subset of patients
achieving CR (n � 147).
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response to ASCT and high residual tumor burden (M-component
� 1 g/dL and/or BM with more than 5% PCs) clinicians usually did
not send samples for MRD investigation. This is the reason why a
high proportion of the patients included in the present analysis
were in CR or nCR, and also why the median OS for the total
population in this analysis is longer than typically observed for the
overall MM population.

One of the most interesting aspects of the present study was
the prognostic importance of MRD investigation in patients who
achieved CR by EBMT criteria. The presence or absence of
MRD by MFC clearly defined 2 subgroups of patients with
significantly different PFS and OS. This indicates that MFC
remission is a more sensitive prognostic criterion than CR by
IFx, supporting the need for further refinement of MM response
criteria to reflect the fact that the better the quality of response,
the longer the survival, as reported for other hematologic
malignancies. In fact, in a practical clinical approach, MRD
investigations by MFC should be restricted to patients in
CR or nCR by electrophoresis, since the majority of PR
patients will be MRD positive and accordingly the test would
not be cost effective.

The superiority of MFC remission over other prognostic factors
was confirmed by multivariate analysis, in which MFC remission
plus cytogenetics or age at diagnosis represented the best combina-
tions of independent variables for predicting PFS and OS, respec-
tively. Furthermore, based on MRD status by MFC, we could also
differentiate 2 prognostic subgroups among patients with standard-

risk cytogenetics as well as among the small group of patients
displaying high-risk cytogenetics. These findings support the
notion that achievement of MFC remission is an important goal
even among patients with high-risk cytogenetics.

An interesting question raised by our study is why, despite
MFC being more sensitive than IFx, a small proportion of
patients who were MRD negative by MFC remained IFx
positive. Two possible hypotheses are that: (1) the long half-life
of some immunoglobulins may result in a positive biochemical
marker being maintained on IFx despite the absence of MM-PCs
producing M-protein; or (2) either the BM sample obtained for
MFC is not representative of the overall BM status, or there are
residual PCs outside of the BM. Whatever the explanation, it is
important to note that these MFC-negative/IFx-positive patients
had a very good outcome, similar to MFC-negative/IFx-negative
patients and significantly better than MFC-positive/
IFx-negative patients.

An additional important finding of our study was the
influence on PFS and OS of MRD status by MFC over the course
of therapy, reflecting the concept of treatment chemosensitivity.
Our results show that early responders, who were already MRD
negative after induction and prior to HDT/ASCT, as well as
patients with continued chemosensitivity, who improved from
being MRD positive before transplantation to MRD negative
after ASCT, had significantly better outcomes than “MFC
chemoresistant patients,” who remained MRD positive before
and after ASCT, independent of IFx status. Such chemoresistant

Figure 2. Prognostic influence of MRD status by MFC
and IFX status at day 100 after ASCT. Progression-free
survival (A) and overall survival (B) among specific risk
groups of patients.
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patients should be considered a high-risk subgroup and candi-
dates for experimental therapies.

Finally, a comment should be made about the sensitivity of
the new techniques used for evaluating response to therapy in
MM. The International Myeloma Working Group recently
proposed the addition of the “stringent CR” response category,
which requires normalization of the free light chain ratio and the
absence of residual clonal cells in BM by immunofluorescence
or immunohistochemistry. These latter techniques have lower
sensitivity (10�2-10�3) compared with MFC (10�4),19 and
therefore should be considered suboptimal for MRD assessment.
Moreover, with the introduction of 8-color clinical flow cytom-
eters, the sensitivity of immunophenotyping may reach a level
similar to, if not greater than, that of ASO-PCR (10�5-10�7), and

MFC will represent the method of choice for routine MRD
investigations in MM, due to its greater applicability, sensitivity,
and speed, with results typically obtained within a few hours.
The limitations of MFC evaluation of MRD in follow-up BM
samples in MM are the patchy pattern of BM infiltration and the
frequency of extramedullary relapses, which cannot be assessed
by this approach, and for which imaging techniques may be of
value. The recent availability of new imaging tools, such as
magnetic resonance imaging (MRI) and positron emission
tomography (PET), has shown that MM patients frequently
present with macrofocal disease, either with or without a diffuse
component, that could harbor nonsecretory MM cells.36 Accord-
ingly, future MRD investigation should probably also include
imaging-defined CR. In this context, it would be very important
to investigate the clonality of the cells present in these residual
focal lesions by fine-needle aspiration.

In summary, our results show that MRD evaluation by MFC is a
very useful technique to identify patients at different risk of
progression. These patients may benefit from different therapeutic
approaches. This type of analysis, particularly when performed
after ASCT, may contribute to the design of patient-specific
maintenance treatment approaches, as well as the evaluation of the
potential benefits of consolidation therapies.
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Table 2. Clinical disease features with a significant impact on PFS
and/or OS by univariate analysis, plus independent prognostic
impact for PFS and/or OS by multivariate analysis

Prognostic factor

Univariate
analysis

Multivariate
analysis

PFS OS PFS OS

Median,
mo P

Median,
mo P P P

Age, y

60 or younger 48

�.1

NR

.02 – .04Older than 60 44 73

ISS disease stage

I 54

�.1

NR

.005 – �.1

II 45 98

III 36 55

Hemoglobin, g/L

More than 100 53

.08

NR

<.001 – �.1100 or less 39 73

Serum albumin, g/L

More than 35 51

.04

NR

.002 �.1 �.135 or less 38 72

Serum creatinine,

mmol/L

176.8 or less (2 mg/dL) 49

.02

98

.005 �.1 �.1More than 176.8 (2 mg/dL) 36 54

Serum �2-microglobulin,

nmol/L

29 or less (3.5 mg/L) 54

.07

NR

<.001 – �.1More than 29 (3.5 mg/L) 41 71

% plasma cells in

S-phase

1.5 or less 54

.004

98

�.1 �.1 –More than 1.5 37 82

Interphase FISH

cytogenetics

Standard-risk 44

.035

NR

.09 .006 –High-risk* 28 54

MRD status by

immunofixation

Negative 55

<.001

NR

.015 �.1 �.1Positive 40 89

MRD status by MFC

CR 71

<.001

NR

.002 .002 .02No CR 37 89

C-reactive protein level, serum calcium level, and % of bone marrow plasma cells
(�20%) by morphology had no significant impact on PFS and OS.

ISS indicates International Staging System; FISH, fluorescence in situ hybridiza-
tion; MRD, minimal residual disease; MFC, multiparameter flow cytometry; and CR,
complete response.

*High-risk cytogenetics includes any t(4;14), t(14;16), and del(17p); standard-risk
cytogenetics includes all other cases.

Figure 3. Prognostic influence of sequential MRD status by MFC before and
after ASCT. (A) PFS and (B) OS (n � 157).
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7. Bladé J, Samson D, Reece D, et al. Criteria for
evaluating disease response and progression in
patients with multiple myeloma treated by high-
dose therapy and haemopoietic stem cell trans-
plantation: Myeloma Subcommittee of the EBMT.
European Group for Blood and Marrow Trans-
plant. Br J Haematol. 1998;102:1115-1123.

8. Durie BG, Harousseau JL, Miguel JS, et al. Inter-
national uniform response criteria for multiple my-
eloma. Leukemia. 2006;20:1467-1473.

9. Sarasquete ME, Garcia-Sanz R, Gonzalez D, et
al. Minimal residual disease monitoring in multiple
myeloma: a comparison between allelic-specific
oligonucleotide real-time quantitative polymerase
chain reaction and flow cytometry. Haemato-
logica. 2005;90:1365-1372.

10. Martinelli G, Terragna C, Zamagni E, et al. Poly-
merase chain reaction-based detection of mini-
mal residual disease in multiple myeloma patients
receiving allogeneic stem cell transplantation.
Haematologica. 2000;85:930-934.

11. Cavo M, Terragna C, Martinelli G, et al. Molecular
monitoring of minimal residual disease in patients
in long-term complete remission after allogeneic
stem cell transplantation for multiple myeloma.
Blood. 2000;96:355-357.

12. Galimberti S, Benedetti E, Morabito F, et al. Prog-
nostic role of minimal residual disease in multiple
myeloma patients after non-myeloablative alloge-
neic transplantation. Leuk Res. 2005;29:961-966.

13. Martinelli G, Terragna C, Zamagni E, et al. Mo-

lecular remission after allogeneic or autologous
transplantation of hematopoietic stem cells for
multiple myeloma. J Clin Oncol. 2000;18:2273-
2281.

14. Liu H, Yuan C, Heinerich J, et al. Flow cytometric
minimal residual disease monitoring in patients
with multiple myeloma undergoing autologous
stem cell transplantation: a retrospective study.
Leuk Lymphoma. 2008;49:306-314.

15. Rawstron AC, Davies FE, DasGupta R, et al.
Flow cytometric disease monitoring in multiple
myeloma: the relationship between normal and
neoplastic plasma cells predicts outcome after
transplantation. Blood. 2002;100:3095-3100.

16. San Miguel JF, Almeida J, Mateo G, et al. Immu-
nophenotypic evaluation of the plasma cell com-
partment in multiple myeloma: a tool for compar-
ing the efficacy of different treatment strategies
and predicting outcome. Blood. 2002;99:1853-
1856.

17. Davies FE, Rawstron AC, Owen RG, Morgan GJ.
Minimal residual disease monitoring in multiple
myeloma. Best Pract Res Clin Haematol. 2002;
15:197-222.

18. Almeida J, Orfao A, Ocqueteau M, et al. High-
sensitive immunophenotyping and DNA ploidy
studies for the investigation of minimal residual
disease in multiple myeloma. Br J Haematol.
1999;107:121-131.

19. Rawstron AC, Orfao A, Beksac M, et al. Report of
the European Myeloma Network on multipara-
metric flow cytometry in multiple myeloma and
related disorders. Haematologica. 2008;93:431-
438.

20. Harada H, Kawano MM, Huang N, et al. Pheno-
typic difference of normal plasma cells from ma-
ture myeloma cells. Blood. 1993;81:2658-2663.

21. Ocqueteau M, Orfao A, Garcia-Sanz R, et al. Ex-
pression of the CD117 antigen (c-Kit) on normal
and myelomatous plasma cells. Br J Haematol.
1996;95:489-493.

22. San Miguel JF, Gutierrez NC, Mateo G, Orfao A.
Conventional diagnostics in multiple myeloma.
Eur J Cancer. 2006;42:1510-1519.

23. Mateo G, Montalban MA, Vidriales MB, et al.
Prognostic value of immunophenotyping in mul-
tiple myeloma: a study by the PETHEMA/GEM
cooperative study groups on patients uniformly
treated with high-dose therapy. J Clin Oncol.
2008;26:2737-2744.

24. Richardson PG, Barlogie B, Berenson J, et al. A
phase 2 study of bortezomib in relapsed, refrac-
tory myeloma. N Engl J Med. 2003;348:2609-
2617.

25. Mateo Manzanera G, San Miguel JF, Orfao de
Matos A. Immunophenotyping of plasma cells in
multiple myeloma. Methods Mol Med. 2005;113:
5-24.

26. Pérez-Persona E, Vidriales MB, Mateo G, et al.

New criteria to identify risk of progression in
monoclonal gammopathy of uncertain signifi-
cance and smoldering multiple myeloma based
on multiparameter flow cytometry analysis of
bone marrow plasma cells. Blood. 2007;110:
2586-2592.

27. Greipp PR, San Miguel J, Durie BG, et al. Inter-
national staging system for multiple myeloma.
J Clin Oncol. 2005;23:3412-3420.

28. San Miguel JF, Martinez A, Macedo A, et al. Im-
munophenotyping investigation of minimal re-
sidual disease is a useful approach for predicting
relapse in acute myeloid leukemia patients.
Blood. 1997;90:2465-2470.

29. San Miguel JF, Vidriales MB, Lopez-Berges C, et
al. Early immunophenotypical evaluation of mini-
mal residual disease in acute myeloid leukemia
identifies different patient risk groups and may
contribute to postinduction treatment stratifica-
tion. Blood. 2001;98:1746-1751.

30. Lo Coco F, Diverio D, Falini B, et al. Genetic diag-
nosis and molecular monitoring in the manage-
ment of acute promyelocytic leukemia. Blood.
1999;94:12-22.

31. van Dongen JJ, Seriu T, Panzer-Grumayer ER, et
al. Prognostic value of minimal residual disease
in acute lymphoblastic leukaemia in childhood.
Lancet. 1998;352:1731-1738.

32. Fenaux P, Chastang C, Chevret S, et al. A ran-
domized comparison of all transretinoic acid
(ATRA) followed by chemotherapy and ATRA plus
chemotherapy and the role of maintenance
therapy in newly diagnosed acute promyelocytic
leukemia: The European APL Group. Blood.
1999;94:1192-1200.

33. Sanz MA, Lo Coco F, Martin G, et al. Definition of
relapse risk and role of nonanthracycline drugs
for consolidation in patients with acute promyelo-
cytic leukemia: a joint study of the PETHEMA and
GIMEMA cooperative groups. Blood. 2000;96:
1247-1253.

34. San Miguel J, Gonzalez M, Orfao A. Minimal re-
sidual disease in myeloid malignancies. In: Linch
LH, Lowenberg B, eds. Textbook of Malignant
Haematology. London, United Kingdom: Martin
Dunitz; 1999:871-891.

35. Davies FE, Forsyth PD, Rawstron AC, et al. The
impact of attaining a minimal disease state after
high-dose melphalan and autologous transplanta-
tion for multiple myeloma. Br J Haematol. 2001;
112:814-819.

36. Zamagni E, Nanni C, Patriarca F, et al. A prospec-
tive comparison of 18F-fluorodeoxyglucose
positron emission tomography-computed tomog-
raphy, magnetic resonance imaging and whole-
body planar radiographs in the assessment of
bone disease in newly diagnosed multiple my-
eloma. Haematologica. 2007;92:50-55.

PROGNOSTIC VALUE OF MFC REMISSION AFTER ASCT IN MM 4023BLOOD, 15 NOVEMBER 2008 � VOLUME 112, NUMBER 10

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/112/10/4017/1481632/zh802208004017.pdf by guest on 08 June 2024


