
Minimal residual disease following autologous stem
cell transplant in myeloma: impact on outcome is
independent of induction regimen

Minimal residual disease (MRD) is a powerful determi-
nant of overall outcome in multiple myeloma (MM).
Previous studies have demonstrated that the presence of
MRD at the traditional day 100 assessment point follow-
ing autologous stem cell transplant (ASCT) independent-
ly predicts for both progression-free (PFS) and overall sur-
vival (OS). This effect on outcome is demonstrable in
patients achieving a complete response (CR) and in those
with both high-risk and standard-risk cytogenetics.1-4 As
a consequence, MRD assessment is currently being con-
sidered as a surrogate end point for survival in academic
clinical trials and for regulatory drug approval.5,6

Surrogate end points are clearly desirable in MM given
the increasing complexity of treatment schedules and
continually improving complete response rates and sur-
vival, such that trials of up-front therapy require 5-10
years of follow up in order to demonstrate survival differ-
ences. Acceptance of MRD as an appropriate end point
would also ideally require the demonstration that this
effect was independent of the treatment received. We
have, therefore, assessed the impact of induction regimen
and MRD on outcome in the context of the Medical
Research Council (MRC) Myeloma IX trial
(ISRCTN68454111). 

MRC Myeloma IX was a multi-center, randomized
phase III trial with protocol and clinical results previously
reported.7,8 All patients provided written informed con-
sent. This analysis involves 397 patients randomly
assigned to CTD (cyclophosphamide, thalidomide, and
dexamethasone; n=189) or CVAD (cyclophosphamide,
vincristine, doxorubicin, and dexamethasone; n=208) for
4-6 cycles, then high-dose melphalan (HDM, 200 mg/m2)
and ASCT. Bone marrow (BM) aspirates for MRD assess-
ment were obtained at the end of induction (n=252) and
at day 100 post ASCT (n=397). Patients were then ran-
domly assigned to maintenance thalidomide (50-100 mg
daily) or no further therapy. Flow cytometry for MRD
detection was performed as reported previously. Briefly,
we assessed 500,000 cells incubated with 6-color anti-
body combinations including CD138/CD38/CD45/CD19
with CD56/CD27 in all cases and CD81/CD117 in some
cases as required.3 Statistical analyses were landmarked
from date of MRD assessment, with a median follow up
of 71 months. Fisher’s exact test was used to perform
between-group comparisons and survival (OS and PFS)
was analyzed using Kaplan-Meier and the log rank tests
with a 5% significance level.

We have previously reported that the CTD regimen
showed superior categorical response rates to CVAD.
Overall response rate was 82.5%: CTD versus 71.2%
with CVAD (P<0.0001). Similarly, the CR rate was 13.0%
versus 8.1% when assessed at the end of induction and
50.0% versus 37.2% post ASCT (P=0.008 and 0.0005,
respectively).7 MRD analysis was performed in a subset
of 397 patients and a greater proportion of patients
became MRD-negative with CTD than with CVAD both
at the end of induction (25% vs. 13%; P=0.0039) and post
ASCT (71% vs. 54%; P<0.001).3 When outcome is
assessed according to MRD status post ASCT, there is a
highly significant outcome advantage for those who are
MRD negative (median PFS 28.6 vs. 15.9 months,
P<0.001; median OS 80.6 vs. 59.0 months, P=0.018).3

When this effect is also assessed according to the induc-

tion therapy received, it is clear that the prognostic effect
of MRD negativity is identical in those who received
CTD and those who received CVAD. For MRD-negative
patients, the median PFS was 28.9 months with CTD 
versus 28.7 months with CVAD (P=0.54) (Figure 1A)
while the median OS was 80.6 months versus not reached
(P=0.81) (Figure 1B). Similarly, in MRD-positive patients,
outcome was identical with each induction regimen,
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Figure 1. Outcome following autologous stem cell transplant
(ASCT) according to day 100 minimal residual disease (MRD) and
induction therapy received. The impact of MRD on outcome did not
differ according to induction therapy received. For MRD-negative
patients the median PFS for CTD was 28.9 months versus 28.7
months for CVAD (P=0.54) (A) while the median OS was 80.6
months and not reached, respectively (P=0.81) (B). Similarly for
MRD-positive patients, median PFS for CTD was 14.9 months versus
15.9 months for CVAD (P=0.96) (A) and median OS 58.7 months
and 61.9 months, respectively (P=0.91) (B). A similar pattern is also
seen when PFS analysis is restricted to complete response (CR)
patients (C). 
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with a median PFS of 14.9 months with CTD versus 15.9
months for CVAD (P=0.96) (Figure 1A) and median OS
58.7 versus 61.9 months (P=0.91) (Figure 1B). This pattern
was also demonstrable when the PFS analysis was
restricted to patients achieving a conventional
immunofixation-negative complete response (Figure 1C). 

We and others have previously demonstrated that the
outcome of patients is also impacted by MRD at the end
of induction as well as following ASCT, such that the
outcome is best in those MRD-negative at both time
points, and worst in those with detectable disease at both
time points.1,3 We have also assessed this according to
induction regimen and found no significant differences.

In those patients who were MRD-negative at both time
points, the median PFS was 44.2 months for those receiv-
ing CTD and 40.7 months for those receiving CVAD
(P=0.84). Similarly, outcomes were identical in those who
were MRD-positive post induction and MRD-negative
post ASCT (median PFS 25.0 months, CTD; 24.2 months,
CVAD; P=0.56) and in those who were positive at both
time points (median PFS 13.3 months, CTD; 14.0
months, CVAD; P=0.79) (Figure 2).

The majority of studies of MRD in myeloma have
assessed the value of achieving MRD-negativity, typically
with a 10-4 threshold, on outcome. Flow cytometry can
also provide a quantitative assessment of residual tumor
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Figure 2. Induction regimens do not impact outcome when consid-
ered according to MRD assessed both at the end of induction and fol-
lowing ASCT. The outcome of patients who are MRD-negative at both
time points (A), MRD-positive post induction and MRD-negative post
ASCT (B) and positive at both time points (C) did not differ according to
induction regimen (P=0.84, 0.56 and 0.79, respectively).
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Figure 3. Impact of quantitative level of MRD on outcome. The out-
come of MRD-positive patients with MRD levels of 0.01% - <0.1% 
(A), 0.1% - <1% (B) and greater than 1% (C) did not differ with induc-
tion regimen (P=0.84, 0.9 and 0.49, respectively).
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in those with detectable disease. In a recent analysis, we
demonstrated that the level of residual disease is also
highly informative, such that an approximate 1-year OS
benefit is demonstrable for each log of tumor depletion.4

We have also assessed this effect according to induction
regimen and note that a greater proportion of patients
receiving CVAD had high levels of MRD (<0.1%; CVAD
n=140, CTD n=156; >0.1%; CVAD n= 68, CTD n=33;
P=0.0005) but no difference in PFS was demonstrable
across several logs of detectable disease. For those with
MRD more than 1% median, PFS was 9.5 months with
CTD and 6.5 months with CVAD (P=0.49). A similar pat-
tern was also demonstrable in MRD-positive patients
with lower levels of disease (0.1% - <1% median PFS
13.7 months CTD vs. 13.6 months CVAD, P=0.9; 0.01%
- <0.1% median PFS 22.1 months CTD vs. 23.6 months
CVAD, P=0.84) (Figure 3).

We would conclude that these data demonstrate that
the prognostic impact of MRD is independent of the
induction therapy received. The proportion of patients
who become MRD-negative (at the 10-4 level) can vary
significantly between regimens, but the impact of MRD-
negativity is similar regardless of the induction therapy
received. It is possible that differences may emerge with
more effective induction regimens as levels of disease
may then vary over several logs in those patients who are
MRD-negative. However, data from those with quantifi-
able residual disease suggest  that outcome is determined
by the level of disease rather than the regimen received.
This phenomenon has also been clearly demonstrated in
B-cell chronic lymphocytic leukemia (CLL) in the German
CLL Study Group CLL8 trial.9 In this study, patients were
treated with fludarabine-cyclophosphamide (FC)
with/without rituximab (R). MRD-negativity was associ-
ated with improved PFS and OS, and although a greater
proportion of patients became MRD-negative with FCR,
there was no difference between the treatment arms
when outcome was assessed according to levels of dis-
ease. These data provide further evidence to support the
role of MRD as a surrogate end point for survival in clin-
ical trials.
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