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Multiple myeloma is usually considered an incurable
disease. However, with the therapeutic improvement
observed in the past few years, achievement of an
operational cure is increasingly becoming a realistic goal.
The advent of novel agents, with or without high-dose
chemotherapy or autologous transplantation, revealed a
correlation between depth of response to treatment and
outcome. Of note, minimal residual disease (MRD) nega-
tivity has been shown to be associated with improved
progression-free survival (PFS), and MRD status is becom-
ing a well-established and strong prognostic factor. Here,
we discuss the impact of MRD negativity on PFS and long-
term disease control, as a surrogate for potential cure in a
significant proportion of patients. MRD value and impact
should be examined by focusing on different parameters:

(1) sensitivity or lower limit of detection level (method
used), (2) timing of assessment and sustainability, (3) type
and duration of treatment, (4) initial prognostic factors
(most importantly cytogenetics), and (5) patient age.
Currently, the highest probability of operational cure is
in younger patients receiving the most active drugs, in
combination with autologous transplantation followed by
maintenance therapy. Older patients are also likely to
achieve operational cure, especially if they are treated
upfront with anti-CD38 antibody–based therapy but also
with novel immunotherapies in future protocols. Incorpo-
ration of MRD as a surrogate end point in clinical trials
would enable shorter trials, leading to more personalized
management and achievement of long-term cure.

Introduction
Multiple myeloma (MM) is usually considered an incurable
disease. However, with the therapeutic improvement observed
in the past few years, achievement of an operational cure is
becoming amore realistic goal. The phenomenon of the so-called
operational cure, namely the persistence of a very low level of
detectable cancer cells while either on or offtreatment but in deep
disease response, differs from the state of cancer cell resistance. In
such an operational cure, patients with minimal levels of residual
disease remain in remission and symptom free over the long term,
as previously described in chronic myeloid leukemia.1 From a
historical perspective, tribute must be paid to Barlogie,2 who was
the first to introduce the word cure in MM, as early as 1991. He
devoted a great part of his career to developing a strategy aimed
at a cure for MM. The only way to cure MM back in the 1990s was
through allogeneic stem cell transplantation (allo-SCT), but this
could be offered to only a limited number of patients and was
associated with high rates of morbidity and mortality. However,
with the introduction of high-dose therapy (HDT) followed by
autologous SCT (ASCT), long complete remission (CR) could be
observed. Powles et al3 were the first to propose the term
operational cure in 2000 for a small minority of patients who were
in continuous first CR for$10 years after HDT and ASCT. In 2005,

Fassas et al4 published an article entitled “Cure of myeloma: hype
or reality?” suggesting that adding novel agents like thalidomide
to ASCT could improve the cure rate by improving the CR rate.
However, around the same time, investigators from the Mayo
Clinic questioned the curability of myeloma and developed new
approaches incorporating novel drugs in an attempt to control
MM progression andmakeMM a chronic disease. They discussed
whether MM should be treated with an aggressive multidrug
strategy targeting CR or with a sequential disease control
approach emphasizing quality of life as well as overall survival
(OS).5 It was not until 2014 that Barlogie et al6 published their
contribution entitled “Curing myeloma at last: defining criteria
and providing the evidence.” This article addressed the curability
of myeloma from the vantage point of having followed .1200
patients in the Total Therapy (TT) trials at the University of
Arkansas for Medical Sciences. This program used an upfront
approach involving standard ASCT and all myeloma-active drugs
to target drug-resistant subclones during initial treatment to
prevent later relapse. The authors concluded that MM was a
curable malignancy. They saw an improvement in 10-year
progression-free survival (PFS) and CR duration rates, especially
in the TT3 clinical trial (33% and 49%, respectively). This trial
of 303 patients with a median follow-up of 9 years added
upfront bortezomib, thalidomide, and dexamethasone (VTD) to
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conventional chemotherapy followed by tandem ASCT, consoli-
dation, and maintenance. The 5-year PFS and CR estimates were
65% and 74%, respectively. These data enabled development of a
gene expression profiling model based on a 70-gene classifier
(GEP-70). Patients identified as low risk based on the GEP-70
model could achieve a high (�70%) PFS rate at 10 years, in
comparison with those with GEP-70 high-risk status (,30% at 10
years).6

CR and cure
With the introduction of HDT, ASCT, and novel agents, it became
possible to show a correlation between depth of response to
treatment and outcome; achievement of CR was more frequent
and was associated with longer PFS in the ASCT setting.7 In 2011,
Martinez-Lopez et al8 showed the prognostic impact of CR on
survival in 344 patients after HDT plus ASCT. Significant differ-
ences in OS and PFS were evident, with respective 12-year values
of 28% and 35% for CR, 13% and 20% for near CR (nCR)/very
good partial response (VGPR)/PR, and 4% and 4% for stable
disease/progressive disease. The medians for PFS and OS were
47 and 91 months for CR, 26 and 51 months for nCR/VGPR/PR,
and 4 and 6 months for stable disease/progressive disease.
Important differences were found between the 3 groups in PFS
andOS (P, .0001). A long-term analysis of an international cohort
of 7291 patients included in different ASCT trials showed a
statistical cure fraction rate at 14.3% and confirmed that CR at 1
year was associated with superior PFS and OS.9

Because it has been clearly shown that maintenance therapy
prolongs CR duration,10 more patients remained in first CR for
$10 years, and 10 years ago, the requirement for operational cure
was CR achievement.11 However, CR achievement alone was not
sufficient; as Barlogie et al12 showed in 2008, some patients lost
their CR within a few years, and such patients had poorer
outcomes than those who responded but never attained CR.
Barlogie et al used clinical outcome data from 668 patients in the
TT2 clinical trial to determine whether sustained CR was a
potentially superior surrogate for survival compared with attain-
ment of CR status per se. Within 3 years of treatment initiation,
sustained CR was associated with the highest probability of
10-year OS.

Measurable residual disease and cure
The level of CR or even stringent CR is not a satisfactory
requirement in MM, because a vast majority of patients relapse in
,10 years. Recently, it became possible to assess deeper levels of
response and define molecular remission by allele-specific oligo-
nucleotide quantitative polymerase chain reaction methods or
phenotypic remissions bymultiparameter flow cytometry (MFC).13

MRD negativity assessed by MFC was shown to be associated
with improved PFS, and MRD status was a strong prognostic
factor, better even than achievement of CR.13 This was shown by
several groups in the field of ASCT. In a study by the Intergroupe
Francophone du My�elome (IFM; 2009 study examining lenalido-
mide, bortezomib, and dexamethasone [RVD] therapy with or
without ASCT), 700 patients were randomly assigned to receive
induction therapy with 3 cycles of RVD and then consolidation
therapy with either 5 additional cycles of RVD (350 patients) or
high-dose melphalan (HDM) plus ASCT followed by 2 additional
cycles of RVD (350 patients). Both groups received maintenance

therapy with lenalidomide for 1 year. RVD plus ASCT was
associated with prolonged PFS compared with RVD alone, and
it was evident that PFS was also prolonged in patients who were
MRD2 vs those who were MRD1 (MFC lower limit of detection
level, 1024), with an adjusted hazard ratio (HR) for disease
progression or death of 0.30 (95% confidence interval [CI],
0.23-0.37; P , .001). In multivariate analysis, achievement of
MRD negativity was one of the strongest prognostic factors (MFC:
HR, 0.39; P , .001; fluorescence in situ hybridization [high risk/
standard risk]: HR, 2.22; P , .001), even better than CR
achievement (HR, 0.58; P , .001).14

The Spanish experience can be illustrated by the analysis of 3
pooled Programa de Estudio y Tratamiento de las Hemopat�ıas
Malignas (PETHEMA)/Grupo Espa~nol de Mieloma (GEM) clinical
trials comprising .600 patients in total. This showed that MRD
negativity in patients achieving CR was associated with much
longer PFS (median, 63 months; P , .001) and OS (median not
reached; P, .001) comparedwith patients achieving CRwhowere
MRD1, regardless of type of treatment or patient risk group. The
prognostic value of CR is related to MRD negativity and outcome
of patients in CR, but in patients with persistentMRDpositivity, it is
not better than in those in PR. MRD1 patients in CR had similar
survival to MRD1 patients in nCR and PR (median PFS, 27, 27, and
29 months, respectively; median OS, 59, 64, and 65 months,
respectively). An important point was that the impact of MRD
negativity was shown for ASCT-ineligible patients as well. The
authors concluded that MRD negativity should be considered as
one of the most relevant end points for transplantation-eligible
and elderly fit patients with MM.15

A meta-analysis comprising data from 14 studies and 1273
patients confirmed the impact of MRD negativity on PFS in
patients achieving CR.16 Compared with MRD1 patients, the
median PFS was 60 vs 36 months. Approximately 30% of MRD2

patients were progression free at 10 years (adjusted x2 5 35.85;
P, .0001). Therefore, MRD negativity was considered a new end
point of myeloma therapy.17 In addition, and although data are
lacking and rather difficult to generate in this domain, one could
speculate that negative MRD status might be linked (at least
indirectly) to patient quality of life. Obviously, aspiration can be
associated with some discomfort, but a very low or undetectable
tumor mass is usually associated with good relief of MM
symptoms and is likely to have a positive psychological impact.

However, the impact of MRD negativity on PFS should be
examined by focusing on different parameters: (1) sensitivity or
lower limit of detection level (method used), (2) timing of
assessment and sustainability, (3) type and duration of treatment,
(4) initial prognostic factors (most importantly cytogenetics), and
(5) age.

In a more recent meta-analysis of 44 studies and.8900 patients,
including studies using more sensitive methods of MRD assess-
ment such as next-generation sequencing (NGS) and next-
generation flow (NGF), Munshi et al18 showed that in all
circumstances across disease settings, achieving MRD negativity
was associated with improved PFS (HR, 0.33; 95% CI, 0.29-0.37;
P , .001) and OS (HR, 0.45; 95% CI, 0.39-0.51; P , .001). This
improvement in survival was observed regardless of disease
setting (newly diagnosed or relapsed/refractory MM), MRD lower
limit of detection threshold, cytogenetic risk, method of MRD
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assessment, depth of clinical response at the time of MRD
measurement, and MRD assessment premaintenance and 12
months after start of maintenance therapy. This large sample size
from a broad and heterogeneous MM population allowed
confirmation that MRD negativity is a prognostic biomarker for
PFS in MM. The impact on PFS, however, varied with different
parameters. It was most marked with MRD negativity at the lower
limit of detection threshold of 1026 (HR, 0.22; 95% CI, 0.16-0.29;
P , .001) and when assessed by NGF (HR, 0.22; 95% CI,
0.14-0.33). Finally, PFS estimates were more favorable in patients
who achieved MRD negativity at 12 months after start of
maintenance than in those who reached MRD negativity before
maintenance therapy.

MRD sensitivity or lower limit of detection level
The findings of Perrot et al19 in the IFM 2009 trial confirmed the
value of NGS-determined MRD status as a prognostic biomarker
in MM, with the best outcome observed when the lower limit of
detection was ,1026.

The Spanish group used NGF to assess MRD in the PETHEMA/
GEM 2012 MENOS65 trial (registered at www.clinicaltrials.gov as
#NCT01916252), in which 458 patients with newly diagnosedMM
underwent longitudinal assessment of MRD after 6 induction
cycles with RVD, ASCT, and 2 consolidation courses with RVD. The
median lower limit of detection achieved by NGF was 2.93 1026.
The estimated 36-month PFS rate was 87% in patients with
undetectable MRD vs 50% in those with persistent MRD after
consolidation (HR, 0.21; 95% CI, 0.12-0.36; P , .001). The
probability of being progression free at 4 years was .80%.
Patients with undetectable MRD had an 82% reduction in risk of
progression or death (HR, 0.18; 95% CI, 0.11-0.30; P , .001) and
an 88% reduction in risk of death (HR, 0.12; 95% CI, 0.05-0.29; P,

.001). They also showed that the MRD negativity rate increased
from 28% at postinduction (6 cycles of RVD) to 45% postconso-
lidation (2 cycles of RVD).13 Their prospective analysis conducted
in a large series of homogeneously treated patients validated the
International Myeloma Working Group flow MRD2 response
criterion20 and supported its translation from trials into clinical
practice.

MRD sustainability and timing of assessment
As with CR, the question of sustained negativity is important. Also,
the timing of MRD assessment (ie, premaintenance or 1 or 2 years
postmaintenance, as well as whether MRD should be tested only
in patients in CR or in both CR and VGPR) is likely to be another
key parameter for consideration. A minimum 6-month duration of
sustained MRD negativity is necessary based on currently avail-
able evidence. In their exploratory analysis using data from the
POLLUX and CASTOR trials of combination regimens including
anti-CD38monoclonal antibody daratumumab in relapsed/refrac-
tory MM, Avet-Loiseau et al21 showed that even in this setting,
patients who achieved MRD negativity at the lower limit of
detection of 1025 measured by NGS had a lower risk of disease
progression or death compared with MRD1 patients, consistent
with previous findings. MRD was assessed via NGS (1025) at CR, 3
and 6months after confirmedCR (POLLUX), 6 and 12months after
first dose (CASTOR), and every 12 months post-CR in both
studies. Sustained MRD negativity ($6 or $12 months) was
evaluated in the intention-to-treat population and the population
achieving CR or better. PFS was prolonged in patients who

achieved sustainedMRD negativity for$6months compared with
those with only 1 negative MRD assessment, regardless of
treatment arm. Consistent with these findings, patients achieving
sustained MRD negativity for $12 months demonstrated pro-
longed PFS with daratumumab combination regimens vs MRD1

patients in the POLLUX trial.21 However, despite the latter
evidence, one must acknowledge that it is possible that a
sustained very low level of disease burden (ie, low MRD positivity)
or return after therapy to a monoclonal gammopathy of
undetermined significance status could also be a pathway to
long-term improved outcome in a chronic disease condition. This
is different from the operational cure concept and might be
analogous to the classical scenario of myeloma in a plateau phase
after therapy, but with very low disease levels. Interestingly, the
daratumumab arm of the MAIA trial21 provides a possible
example of the relevance of such scenario. In this trial, only 24%
of patients reachedMRD negativity vs the.60% rate usually seen
in ASCT trials. The median PFS in the MAIA trial is projected to be
likely �60 months (T. Facon, University Hospital of Lille, Lille,
France; 7 June 2021), which is at least comparable to what has
been described with ASCT. The latter suggests that continuous
therapy could control the persisting clone for a long period of
time.

Finally, in the frontline setting, emerging data suggest that
patients with sustained MRD negativity have improved outcomes.
Prospective studies usingMRD to inform treatment decisions have
already shown feasibility and are slowly making their way into
clinical practice.22,23

MRD and type of therapy
The benefit of ASCT in newly diagnosed MM was confirmed by
follow-up of the IFM 2009 trial.24 Focus was onMRD evaluation as
assessed by NGS at a lower limit of detection level of 1026. As
mentioned previously, this trial compared RVD plus ASCT vs RVD
alone. All patients received lenalidomide maintenance for 12
months. After a median follow-up of 89.8 months, themedian PFS
was 47.2 months after ASCT and 35 months with RVD (HR, 0.70;
95% CI, 0.59-0.83). The MRD negativity rate was 29.8% with
transplantation and 20% with RVD (P 5 .01). Transplantation was
superior to RVD alone in terms of PFS, even in patients who
achieved undetectable MRD at a lower limit of detection of 1026.

The question now is how to increase the proportion of
transplantation-eligible patients achieving operational cure. Cur-
rently,.50% of patients with MRD negativity at a 1026 lower limit
of detection remain progression free at 8 years with standard
ASCT strategies: standard triplet induction of 3 to 6 cycles of VTD
or RVD, first or second ASCT, and maintenance with lenalido-
mide.25 It is hoped that treatment with upfront daratumumab will
increase the MRD negativity rate and by association the propor-
tion of patients achieving operational cure. This was indeed the
case with the addition of daratumumab to VTD in the CASSIO-
PEIA trial26; at day 100 after transplantation, 211 patients (39%) in
the daratumumab plus VTD group vs 141 (26%) in the VTD group
achieved complete response or better, and 346 (64%) of 543 vs
236 (44%) of 542 achieved MRD negativity (1025 lower limit of
detection threshold assessed by MFC; both P, .0001). However,
longer follow-up is still needed to assess the true value of MRD
negativity in these patients. In the GRIFFIN trial, the addition of
daratumumab to RVD also increased the MRD negativity rate at
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lower limit of detection thresholds of both 1025 and 1026, before
and after maintenance. MRD negativity (1025) rates favored
daratumumab plus RVD vs RVD (62.5% vs 27.2%; P , .0001.
Similarly, MRD negativity (1026) rates favored daratumumab plus
RVD vs RVD (26.9% vs 12.6%; P5 .014). After a median follow-up
of 26.7 months, addition of daratumumab to RVD induction and
consolidation followed by daratumumab plus lenalidomide main-
tenance in transplantation-eligible patients with newly diagnosed
MM continued to demonstrate deep and improved responses,
including MRD negativity rates, compared with lenalidomide
alone. Maintenance therapy increased stringent CR and MRD
negativity rates, compared with postconsolidation rates.27

The objective of the upcoming IFM trial for transplantation-
eligible patients is to achieve the highest possible proportion of
patients with MRD negativity (lower limit of detection level, 1026).
Treatment will start with an induction of 6 cycles of isatuximab plus
carfilzomib, lenalidomide, and dexamethasone (KRD), after which
treatment will depend on achievement of MRD negativity at the
1025 lower limit of detection. Patients achieving MRD negativity
will be randomly assigned to proceed to HDM/ASCT or KRD
treatment. MRD1 patients will be randomly assigned to proceed
to single or double HDM/ASCT. Maintenance will be different for
MRD2 and MRD1 patients, with a new regimen (combination of
isatuximab and iberdomide) for the latter group to increase the
rate of MRD negativity. In the mid and long term, incorporation of
novel immunotherapies in the frontline or early disease treatment
setting, such as chimeric antigen receptor T cells28,29 and/or
bispecific antibodies,30 may also allow further improvement in the
rates of MRD negativity and could become a key to sustained
MRD negativity.

Another possibility for increasing the proportion of
transplantation-eligible patients achieving operational cure would
be to treat at an earlier stage of disease. The Quiredex phase 3
trial published by the Spanish PETHEMA/GEM group examined
this scenario by randomly assigning 119 patients with high-risk
smolderingMM (sMM) to either treatment or observation. Patients
with sMM are not usually treated until development of symptom-
atic disease. The authors concluded that early treatment with
lenalidomide and dexamethasone (RD), followed by maintenance
therapy with lenalidomide, significantly delayed the time to
progression to symptomatic disease and resulted in an OS
benefit.31 However, the objective of that trial, which started in
2007, was not operational cure, andMRDwas not assessed. More
recently, the same group initiated a more ambitious trial with the
objective of achieving MRD negativity and curing patients. In
2019, results were published from this multicenter phase 2 clinical
trial designed to evaluate the efficacy and toxicity of an intensive
therapeutic approach in 90 patients age ,70 years with asymp-
tomatic high-risk sMM, eligible for transplantation between June
2015 and June 2017. Patients received induction treatment
consisting of 6 4-week cycles of KRD. After induction, patients
received IV HDT-based treatment followed by peripheral blood
ASCT. Consolidation treatment consisted of 2 cycles of KRD. All
patients without progression to symptomatic MM or toxicity
requiring discontinuation of the trial received maintenance treat-
ment (RD) for up to 2 years. The primary end point was sustained
MRD negativity (assessed byNGF) at 5 years after HDT and ASCT.
Seventy-seven patients completed induction, HDT and ASCT,
consolidation, and 1 year of maintenance. The primary end point
of the trial was met, and 56% of the patients who completed

induction and HDT and ASCT achieved MRD negativity. This
curative strategy for high-risk sMM continues to be encouraging,
with a 35-month PFS of 92% and OS of 96%.32 Although this
treatment yielded very good MRD negativity rates and PFS, there
were adverse events and a few fatalities in this nonrandomized
trial. The question of the use of this aggressive approach in
patients with asymptomatic sMM must be addressed. A better
definition of high-risk sMM is therefore needed.

MRD negativity and initial prognostic factors
Thepreviouslymentioned IFMstudybyPerrot et al12 definedhigh-
riskpatients atdiagnosis as thosewith thepresenceof17pdeletion
[del(17p)] or either t(4;14) or t(14;16) translocation. That study also
showed improved PFS in those achieving MRD negativity (NGS
lower limit of detection, 1026), irrespective of cytogenetic risk
group. These results were from 366 patients with known MRD
status at the start of maintenance therapy. Among patients with
high-risk cytogenetics,MRDnegativity was achieved in 17 (40%) of
42 patients with t(4;14), a rate comparable to standard risk, but in
only 3 (11%) of 28patientswithdel(17p).With respect to PFS,MRD
negativity was associated with better outcome compared with
MRD1 patients in both standard- and high-risk groups, although
results were slightly better for the former group.

The experience from the PETHEMA/GEM 2012 MENOS65 trial
also showed that undetectable MRD (negativity at lower limit of
detection, 2 3 1026 to ,1025) is more frequent in patients at
standard compared with high risk (49% vs 37%). Interestingly, they
showed that among patients with undetectable MRD, 36-month
PFS was similar in those at standard (n 5 300) and high risk (n 5

90) at .90% in each group. The PFS results for high risk with
persisting MRD, standard risk with persisting MRD, high risk with
MRD negativity, and standard risk with MRD negativity were 37%,
60%, 91%, and 97%, respectively (P , .0001).33 These studies
confirm that it is possible to achieve MRD negativity in high-risk
patients, and because this translates into better PFS, the objective
of treatment of high-risk patients with MM is to achieve MRD
negativity and overcome the dismal prognosis of transplantation-
eligible patients with MM and high-risk cytogenetics.

MRD negativity and age
Until now, the impact of MRD negativity has mostly been seen in
transplantation-eligible patients. However, the recent meta-
analysis published by Munshi et al18 confirmed that older patients
can also achieve MRD negativity, which is also associated with
dramatically improved PFS. Three-year PFS rates for
transplantation-ineligible patients were 76.3% and 37.1% for
MRD2 and MRD1 patients, respectively (P , .001). In the open-
label phase 3 MAIA trial, 737 patients with newly diagnosed MM
(median time since diagnosis, 0.9 months [range, 0-14.5]) ineligi-
ble for ASCT because of older age ($65 years or preexisting
conditions likely to result in unacceptable adverse effects associ-
ated with ASCT) were randomly assigned (1:1) to receive either
daratumumab in combination with standard treatment for older
patients (daratumumab plus RD) or RD alone (control arm). The
median age was 73 years (range, 45-90). Treatment continued
until the occurrence of disease progression or unacceptable
adverse effects. It was hoped that daratumumab would further
increase the MRD negativity rate. At an NGS lower limit of
detection level of 1025, 24% of patients treated with daratumu-
mab plus RD compared with 7% of those treated with RD alone
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achieved MRD negativity (P , .001).34 Patients reaching this
milestone (assessed in participants who achieved CR or better)
experienced durable PFS.

Pitfalls of MRD assessment
When using a lower limit of detection for MRD of 1024, a majority
of patients will relapse before 10 years.18 However, a lower limit of
detection of 1026 may prove to be a more robust indicator. One
would expect that patients who are still MRD2 at the level of 1026

at 10 years will enjoy very long PFS and OS and thus could be
considered as having reached the status of operational cure.
However, we still do not know what proportion of patients who
achieve MRD negativity at this level of 1026 will remain MRD2 at
10 years. Also, the minimum duration of MRD negativity associ-
ated with the highest probability of remainingMRD2 at 10 years is
still unknown. Therefore, more follow-up is needed before
confirming that operational cure is defined by 10-year MRD
negativity at the level of detection of 1026. In addition toNGF and
NGS techniques, imaging modalities such as magnetic resonance
imaging and [18F]flourodeoxyglucose positron emission tomog-
raphy (PET) have emerged as significant tools to measure MRD
and could provide additional information regarding disease
eradication over the long term. These methods provide informa-
tion on disease involvement of the bones and patterns of bone
marrow (BM) involvement, as well as disease outside the marrow
(extramedullary disease). Extramedullary disease, patchy involve-
ment, and diluted samples can give rise to falsely negative MRD.
Looking at the subanalysis of the IFM 2009 trial, Moreau et al35

showed that posttreatment negative PET–computed tomography
(CT; normalization) before maintenance had a prognostic impact
on PFS (72% vs 56.8%; P5 .011). Also, PFSwas higher for patients
with both normalized PET-CT and MRD negativity before main-
tenance compared with those with either PET positivity and/or
MRD positivity before maintenance (3-year PFS, 86.8% vs 52.9%,
respectively; P 5 .05). These results allowed the International
Myeloma Working Group to define new criteria for MRD nega-
tivity,20 as follows: in patients in CR,MRD negativity is present only
if phenotypically aberrant clonal plasma cells are not detected in
BM aspirate samples at a minimum lower limit of detection of 1 in
105 nucleated cells or higher (assessed by either NGF, NGS, or
both) and if a negative PET-CT scan demonstrates a lack of
disease outside the BM (ie, disappearance of every area of
increased tracer uptake found at baseline or preceding PET-CT
scan or decrease to lower mediastinal blood pool standardized
uptake value, or decrease to lower standardized uptake value than
that of surrounding normal tissue). Finally, it is worth emphasizing
the importance of appropriate statistical methods in studies
assessing the impact of MRD on outcome (ie, landmark analysis or
similar techniques). This is of the utmost importance for accurate
assessment.

Conclusion
Despite major advances, patients with MM continue to die
prematurely as a result of their cancer. The requirement for
long-term remission in MM is likely sustained MRD negativity
(at a lower limit of detection of at least 1025). Different
international consensus efforts have provided important
guidance on how to implement MRD measurements in clinical

trials to obtain solid data on sustained MRD negativity in
different treatment and disease settings.36,37 The best probabil-
ity of long-term PFS is at the 1026 level. MRD negativity should
be sustained for at least 1 year. Achievement of MRD negativity
is less frequent in those with high-risk MM, especially in patients
with del(17p). However, when achieved, it can still be associated
with long PFS. PET-CT scan negativity is also an important
requirement (at least for the 1025 threshold). Currently, the
highest probability of operational cure is in younger patients
receiving standard treatment with proteasome inhibitors and
immunomodulatory drug–based triplet regimens, HDT/ASCT,
and lenalidomide maintenance. It is hoped that daratumumab
will increase the MRD negativity rate and the proportion of
patients achieving operational cure and that older patients can
also achieve operational cure, especially if they are treated
upfront with daratumumab. Furthermore, incorporation of novel
immunotherapies early in the treatment algorithm could also
become a key factor for a favorable long-term outcome.

Efforts investigating the impact of MRD and refining its role inMM
outcome will prove beneficial to different stakeholders, including
practicing clinicians, clinical trialists, and regulatory authorities.
Patients and physicians would be able to rely on a dynamic
prognostic marker during the course of therapy. From the
standpoint of trialists and regulatory agencies,38 with the devel-
opment of more sensitive techniques and the approval of novel
drug therapies, it will be possible to perform shorter clinical trials.
Such trials are currently ongoing (eg, PERSEUS; registered at
www.clinicaltrials.gov as #NCT03710603), and it is hoped they will
lead to more personalized management of patients with MM,
potential avoidance of prolonged treatments with their associated
toxicities (including cost), and achievement of long-term cure.
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