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Simple Summary: Therapeutic strategies in multiple myeloma have been adapted only to age and
comorbidities for a long time. Given the currently available therapeutic and technologic arsenal,
the time may have come to refine this adaptation. First, high-risk patients should benefit from the
most intensive and efficient combinations from diagnosis. Here, we review these different strategies
and how to define and identify high-risk myeloma patients in current clinical practice. In addition,
the advent of technologies detecting minimal residual disease gives us this opportunity to define the
quality of response to treatment with an unpreceded sensitivity and adapt treatment accordingly.
Finally, even if molecular targeting is still nascent in myeloma, some molecular features are interesting
to detect at relapse to determine optimal salvage treatments.

Abstract: Myeloma therapeutic strategies have been adapted to patients’ age and comorbidities for
a long time. However, although cytogenetics and clinical presentations (plasmablastic cytology;
extramedullary disease) are major prognostic factors, until recently, all patients received the same
treatment whatever their initial risk. No strong evidence allows us to use a personalized treatment
according to one cytogenetic abnormality in newly diagnosed myeloma. Retrospective studies showed
a benefit of a double autologous transplant in high-risk cytogenetics according to the International
Myeloma Working Group definition (t(4;14), t(14;16) or del(17p)). Moreover, this definition has to be
updated since other independent abnormalities, namely gain 1q, del(1p32), and trisomies 5 or 21,
as well as TP53 mutations, are also prognostic. Another very strong predictive tool is the response to
treatment assessed by the evaluation of minimal residual disease (MRD). We are convinced that the
time has come to use it to adapt the strategy to a dynamic risk. Many trials are ongoing to answer
many questions: when and how should we adapt the therapy, its intensity and duration. Nevertheless,
we also have to take into account the clinical outcome for one patient, especially adverse events
affecting his or her quality of life and his or her preferences for continuous/fixed duration treatment.
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1. Introduction

Multiple myeloma (MM) is a plasma cell dyscrasia that is involved in approximately 15% of all
hematological malignancies. Most patients are over 65 years old, with a median age at diagnosis
of 70 years old [1]. The availability of new therapeutic classes, such as proteasome inhibitors,
immunomodulatory drugs, and monoclonal antibodies, now used in combination, have led to great
progress in the management of MM patients, resulting in the improvement of progression-free survival
(PFS) and overall survival (OS). However, MM still remains an incurable disease and, actually,
the identification of high-risk patients is the main target. Nowadays, the therapeutic decision-making
process in MM is based on a fine balance between patients’ characteristics and disease-related biological
features. There is generally no clear consensus on the use of tools and, even if a personalized and
tailored approach were advisable, the definitive choice is not much yet influenced by recent discoveries.

2. Lessons from the Past: Consider the Risk at Diagnosis

2.1. Age and Vulnerability

For a long time, patients” age has influenced the treatment decision-making process, as advanced
age increases the incidence of comorbidities and frailty risk. However, age and frailty are not equivalent.
There is no universally accepted definition of frailty. According to the phenotypic approach, it is
commonly assessed by the presence of a reduction in three out of the following five elements: weight,
walking speed, endurance, self-reported energy, and physical activity [2]. Another approach allows
the use of a broad number of objective or subjective measures, as long as they are linked to aging.
In this way; frailty is a deficit accumulation that increases with age, in which the cumulative presence
of aging-associated deficits yields a frailty index [3]. Improving outcomes requires the development of
validated MM-specific tools that globally assess frailty in this heterogeneous older population and
stratify patients by risk to guide the therapeutic approach and set the treatment goals. Currently,
the International Myeloma Working Group Frailty Score (IMWG FS) represents a standard approach to
define frail and risk populations in MM. It categorizes patients into fit, intermediate, and frail using age,
medical comorbidities, and disabilities [4]. Another type of score is the revised Myeloma Comorbidity
Index (R-MCI) based on the Karnofsky Performance Status (KPS), the presence of impaired lung and
renal function, frailty, age, and cytogenetic abnormalities [5]. However, when they were compared in a
prospective study; little agreement was found between these models [6]. It is difficult to fully appreciate
the size of treatment efficacy, as elderly and frail patients are less likely to be included in clinical
trials and may receive fewer novel agents, partly as a consequence of comorbidities, polypharmacy,
and more rapid physiological decompensation associated with both disease- and treatment-related
complications [7]. Real-world data will help to better describe this very particular population of
frail patients.

2.2. Aggressive Clinical Presentations

Among the different plasma cell dyscrasias, extramedullary presentation (EM) and plasma cell
leukemia (PCL) are considered high-risk diseases [8,9]. PCL is characterized by a higher prevalence of
adverse clinical and laboratory features as compared to MM, and by an elevated genomic instability,
as shown by an increased number of cytogenetic aberrations and other molecular lesions at diagnosis [10].
Therefore, additional worse forms have been identified and, recently, circulating plasma cell levels
over 5% have been associated with more aggressive conditions [10-12]. A lack of protocol inclusion is
a reason for the lack of information about the best treatment choice and, just recently, two prospective
trials have demonstrated the feasibility of the inclusion of bortezomib (V)-based and lenalidomide
(R)-based regimens [13,14]. In young patients, the combination of bortezomib or thalidomide (T)
with high-dose chemotherapy as hyper-CVAD-VD or VTD/VRD/KRD-PACE, may be envisaged [15].
Given that autologous stem cell transplantation (ASCT) is the most appropriate therapeutic choice
for eligible patients, the role of tandem ASCT or alloSCT is still debated [16]. Other prognostic
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features related to the malignant clone are the proliferation index (PI) [17] and the plasmablastic
morphology [18], both associated with frequent adverse cytogenetic lesions.

2.3. The Huge Prognostic Value of Cytogenetics

High-risk myeloma is classically defined as the presence of at least one of the following: dell7p,
or translocations of chromosomes 4, 16, or 20 involving the immunoglobulin heavy chain locus: t(4;14),
or t(14;16) or t(14;20) determined by Fluorescent In Situ Hybridization (FISH) [19]. Among these
high-risk chromosomal changes, the most impactful is undoubtedly the 17p deletion (del(17p)) [20,21].
However, the threshold prognostic value of the clonal size can range from 1% to 60% from one study
to another [22,23]. A recent meta-analysis of European data showed a significant clinical impact of the
subclonality value of 55-60% by FISH [24]. Genetic defects in 17p are complex and include either a
deletion—more or less the length of the short arm of chromosome 17—alone or only a mutation in
one allele of the TP53 gene or a biallelic inactivation of TP53, the so-called double-hit myeloma entity,
described as displaying an extremely poor prognosis [25]. Nevertheless, even if less of a risk than
TP53 bi-allelic inactivation, a del(17p) without a TP53 mutation must be considered as a high-risk
abnormality [26]. Some translocations involving the immunoglobulin heavy chain gene locus are also
associated with poor outcome in MM. The t(4;14) is more frequent and considered as an MM-specific
alteration with a prognostic impact influenced by the presence of other alterations [27,28]. Although the
independent prognostic value of t(14;16) has not been clearly demonstrated, it is incorporated in the
revised International Staging System prognostic model (R-ISS), along with del(17p) and t(4;14) [29].
Other chromosomal alterations include del(1p32) and a gain of 1q21. The former was observed in 7-8%
of the patients at diagnosis and its prognostic impact may be almost similar to del(17p) [30]. The gain
of the long arm of chromosome 1 is the most frequent adverse cytogenetic lesion, displayed by one
third of newly diagnosed MM cases. Some recent data suggest that only an amplification (more than
three copies) would be of high risk, but this will have to be confirmed in prospective studies [31].

Currently, the IMWG recommends the detection of t(4;14), t(14;16), and del(17p) [32]. However,
co-occurrence and clonality may significantly affect the weight of each of these factors. A study of
the IFM (Intergroupe Francophone du Myélome) group performed a multivariate analysis of a large
cohort of patients by SNP (Single Nucleotide Polymorphism) array and FISH. Five abnormalities
associated with a shorter overall survival were identified: del(17p), del(1p32), gain 1q, t(4;14),
and trisomy 21, and trisomy 5 was protective. A prognostic score including these six factors was
developed, each one being associated with a specific weighted prognostic value. The ability of this
score to identify prognostic subgroups has been validated in a cohort of patients treated with current
first-line therapeutic approaches and a better discriminatory performance than R-ISS was observed [28].
The Mayo Stratification of Myeloma and Risk-Adapted Therapy classification (nNSMART), updated in
2013, is not a prognostic score per se, but a tool to stratify patients in order to offer them the most
suitable treatment [33].

In clinical practice in 2020, we aimed to combine clinical presentation aspects, biological
characteristics, and cytogenetics, but also TP53 mutations, in order to better define the risk of
myeloma at initial assessment (Table 1).
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Table 1. Main characteristics used to define high-risk multiple myeloma in 2020.

Clinical-biological presentation Plasma cell leukemia

Extramedullary presentation

Plasmablastic cytomorphology

Cytogenetics dell7p
t(4;14)
t(14;16)
t(14;20)
del(1p32)
Gain of 1q21 (three or more copies)

Mutations TP53

Prognostic scores R-ISS

IFM multiparametric score
mSMART

(R-ISS = Revised International Staging System, IFM = Intergroupe Francophone du Myélome, nSMART = Mayo
Stratification of Myeloma and Risk-Adapted Therapy).

2.4. What Impact on the Choice of Treatment?

Since the definitions of “high-risk myeloma” differed among studies, comparing their outcome
is very complicated. Initially, bortezomib regimens represented the best choice for high-risk
patients [34,35]. The role of the second generation proteasome inhibitor carfilzomib (K) has been
investigated after interesting results were obtained in relapsed high-risk patients [36]. More recently,
phase 3 trials enrolling relapse/refractory patients have addressed the issue of the outcome of
del(17p) subgroup patients, finding a gain in PFS in patients treated with elotuzumab [22] and
ixazomib [37]. Based on synergistic effects, proteasome inhibitors and IMiDs (Immunomodulatory
Drugs) as combination therapies seem to be an effective approach among patients with high-risk
cytogenetics [38]. The recent analysis of a large cohort of high-risk patients treated frontline with KRd
showed the achievement of MRD negativity in about 50% of the patients and the reduction in risk
of early relapse in a group of transplanted patients [39]. The role of the addition of daratumumab in
induction and consolidation therapy before and after in autologous eligible patients has been evaluated
in several randomized studies. The addition of daratumumab to VTD in the CASSIOPEIA trial has
been shown to increase response rates and prolong PFS in high-risk cytogenetics patients, but the worse
prognosis was not abrogated [40,41]. Moreover, even if the role of ASCT in eligible patients has been
confirmed, the interest of double ASCT is still debated. The BMTCTNO0702 trial failed to demonstrate
advantages in PFS in double transplant both for standard and high-risk patients [42]. In contrast, recent
data from the EMNO02/HO95 study showed significant improvement in 5-year PFS and OS in double
compared to single ASCT. Specific analysis conducted in high-risk cytogenetics, including the del(17p)
subgroup, found similar evidence [43]. Extended consolidation therapy with RVd (Revlimid Velcade
dexamethasone) regimens after autologous transplantation has also been evaluated, with improved
achievement in Very Good Partial Response VGPR and OS [44].

In a non-eligible ASCT setting, triplets were superior to doublets in the presence of high-risk
cytogenetics. In the VISTA trial, the bortezomib melphalan prednisone (VMP) showed no differences
in terms of complete response, time to progression, or OS between standard and high-risk patients,
unlike the MP arm. On the other hand, adding thalidomide to MP improved the response rates for ISS
stage III patients. Unfortunately, an increase in adverse events was reported in both studies [45,46].
The main goal in these patients should be to find a balance between toxicity and therapeutic benefits;
hence, recent data have shown that molecular events have a larger effect on outcome in younger
patients, with their relative contribution diminishing in the elderly [47]. This problem could be
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overcome through modifications in dose and schedule, without compromising efficacy. A phase
2 study of a re-modulated dosage of RVd (RVd-lite) showed comparable PFS and OS with fewer
treatment-related symptoms [48]. The introduction of novel agents, such as daratumumab, in classical
treatment has shown interesting results. Indeed, the combination with VMP followed by daratumumab
maintenance, in the ALCYONE trial, significantly improved PFS compared to VMP alone (HR 0.50;
95% CI 0.38-0.65; p < 0.001) after a median follow-up of 16.5 months. The advantage was evident
in patients older than 75 years, ISS stage III, or high-risk cytogenetics [49]. In addition, the risk of
disease progression or death was significantly lower among patients receiving daratumumab plus
lenalidomide and dexamethasone than among those who received lenalidomide and dexamethasone
alone [50].

3. The Near Future (Tomorrow): Adapt the Strategy to the Response and the MRD

In the last two decades, therapeutic advances have improved the prognosis of MM patients [51,52].
A better risk stratification allowed a better use of this currently available therapeutic arsenal and
contributed to this improvement. Nevertheless, MM patients’ outcomes remain heterogeneous with
different response depth and duration. Response depth, such as achieving complete remission (CR), is a
significant prognostic factor and is associated with better outcomes [53]. Therefore, response-adapted
treatment strategies have emerged.

Nowadays, according to international recommendations [54-56], patients with less than a very
good partial response (VGPR) after induction could benefit from a tandem intensification. Similarly,
some clinical trials investigate a response-adapted approach. The Myeloma XI trial [57] showed that
sequential treatment with bortezomib, cyclophosphamide, and dexamethasone (VCD) for patients
not achieving at least VGPR after IMiD-based triplet induction improved the response rate and PFS.
More recently, in the MMS5 trial [58], cessation of lenalidomide maintenance therapy for patients
achieving a CR was associated with a shortened OS compared to a fixed-duration maintenance of
2 years. However, these treatment strategies based on conventional response criteria have severe
limitations. First, with the new effective drug combinations, more than 50% of MM patients achieve
a CR [39-41,50]. Thus, the CR endpoint for response-adapted treatment seems to be less useful.
Then, patients with high-risk cytogenetics abnormalities achieve similar CR rates than other patients
but have paradoxically inferior survival. Finally, despite achieving a CR and even stringent complete
response (sCR), most patients relapse, reflecting a persistent disease undetectable with standard
methods, namely the minimal residual disease (MRD). To define further and deeper responses beyond
CR, the International Myeloma Working Group defined new criteria for response and MRD assessment
in 2016 [59]. According to these criteria, MRD should be assessed in the bone marrow either by
next-generation flow cytometry (NGF), or by next-generation sequencing (NGS), by measuring,
respectively, the patient-specific aberrant phenotypes or clonal rearrangements of the immunoglobulin
genes. Both methods have advantages and disadvantages; most importantly, both are theoretically
capable of achieving a sensitivity of 107, although this is probably more difficult in the routine for
flow cytometry.

Two meta-analyses [60,61] supported the use of MRD for response monitoring in MM by showing
a beneficial impact of undetectable MRD on patient outcomes, with better OS and PFS. Moreover,
undetectable MRD surpassed other traditional response criteria. Patients with CR and positive MRD had
similar outcomes compared to patients with partial response or VGPR and positive MRD, highlighting
the fact that the prognostic value of CR was related to undetectable MRD [62,63]. This prognostic
impact of undetectable MRD supported the incorporation of MRD assessment in clinical trials as an
endpoint to compare therapeutic strategies. For example, in the first line, the IFM2009 trial [64,65]
compared a triplet regimen (bortezomib, lenalidomide, dexamethasone) with or without intensification.
Undetectable MRD was a strong prognostic factor for PFS and OS in both arms. The proportion of
patients achieving undetectable MRD was higher with intensification, but PFS was similar in patients
achieving undetectable MRD irrespective of the treatment received.
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In addition to its prognostic impact, MRD highlighted the notion of dynamic risk in MM.
Indeed, achieving undetectable MRD may also abrogate some adverse risk factors, such as high-risk
cytogenetics and ISS, as shown by Perrot et al. [65], or R-ISS, as shown by [66]. Patients displaying
these adverse factors and who achieve undetectable MRD, although it is less likely (in particular in the
del(17p) subgroup), have similar outcomes than standard-risk patients with undetectable MRD.

Consequently, since MRD is one of the most relevant prognostic factors and allows for the
assessment of dynamic risk, new response-adapted treatment strategies based on MRD have emerged.
Different clinical trials are ongoing to assess if MRD could help in clinical decision-making at various
stages of treatment.

3.1. Induction/Intensification

Nowadays, after induction, intensification with ASCT is performed in the first line for eligible
patients regardless of the depth of pre-transplant response. In the IFM2009 trial [65], patients achieving
undetectable MRD showed similar survival irrespective of the use of intensification. Therefore,
MRD evaluation after induction could help to determine which patients will benefit more from
intensification. For patients achieving undetectable MRD, one can wonder about the interest of delaying
its use for relapse. The role of tandem intensification can also be challenged for patients not achieving
undetectable MRD. The future IFM 2020 trial will answer these questions by randomizing eligible
patients with undetectable MRD between immediate intensification or only extended consolidation.
Patients with detectable MRD will receive either simple intensification with standard consolidation or
tandem intensification.

3.2. Consolidation/Maintenance

In standard clinical practice, patients receive consolidation and maintenance to improve disease
responses after ASCT. As for intensification, some patients achieving deep response levels may not
need further treatments.

The phase 2 trial MASTER (NCT03224507) assessed MRD-based response-adapted therapy.
Therapy consisted of four cycles of daratumumab-carfilzomib-lenalidomide-dexamethasone
(Dara-KRD) as induction, intensification with ASCT, and zero to eight cycles of Dara-KRD consolidation.
MRD was evaluated at each treatment phase, and patients reaching two consecutives undetectable
MRD analyses received no further therapy and started a treatment-free observation. The initial results
showed that this approach is feasible and leads to high response rates. Similarly, we could consider
response-adapted strategies using more intensive regimens, such as bispecific antibodies or CAR
(Chimeric Antigen Receptor) T-cells, for patients not reaching undetectable post-transplant MRD.

Moreover, controversies remain over the optimal duration of maintenance therapy with a
fixed-duration or treat-to-progression approach. Studies are ongoing to determine whether MRD
status can guide the length of post-ASCT maintenance. For instance, the DRAMMATIC/SWOG 51803
study (NCT04071457) compare daratumumab and lenalidomide to lenalidomide as post-transplant
maintenance and use MRD to direct therapy duration. After two years of undetectable MRD, patients
are randomized to either continue or discontinue the treatment. If these approaches are successful,
it will be important that have less invasive methods to assess MRD. The field of liquid biopsy, if adapted
to MM, could meet this need (see below).

3.3. Relapse Treatment

As well as guiding first-line treatment, MRD might inform retreatment at time of relapse.
Indeed, since early intervention at relapse seems to benefit patients in terms of survival [67], relapse
treatment strategies leveraging on MRD have emerged. In the REMNANT trial (NCT04513639),
after conventional first-line therapy, patients achieving undetectable MRD are randomized to either
start treatment as soon as MRD becomes detectable or as the disease progresses according to IMWG
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criteria. For some specific patients, MRD could also guide the duration of relapse treatment, thus
facilitating treatment-free intervals.

However, MRD-based response-adapted therapy faces some limitations. First, achieving
undetectable MRD is not the same as a cure, in particular when the sensitivity is only 10~°. For instance,
Raje et al. [68] reported a very high rate (94%) of early undetectable MRD of patients treated with
anti-BCMA (B-cell maturation antigen) CAR-T cells. However, most patients relapsed early with
a median PFS of 12 months. This highlights the importance of achieving a sustained undetectable
MRD, defined by undetectable MRD with a minimum of a one-year interval. In the FORTE trial [39]
comparing carfilzomib-lenalidomide-dexamethasone (KRD) induction followed by intensification and
ASCT to KRd alone, patients achieved high rates of undetectable MRD at 107> regardless of treatment.
However, patients with KRD-ASCT presented a higher rate of sustained MRD negativity at one year,
especially high-risk patients. These results point out the risk of treatment strategy based on a snapshot
in time and unveil the question of the timing of MRD assessment. The issue of the optimal threshold
for MRD negativity is still debated, even if everyone agrees that the highest sensitivity is the most
discriminant, whatever the methods used. Nowadays, the threshold is 1072 to 107°, but lower response
detection might reveal different clinical outcomes and so change the treatment strategies.

Secondly, current MRD methods might not always provide a reliable assessment of residual
disease. Indeed, the sensitivity of MRD assessment in the bone marrow by NGF or NGS relies on the
sample quality. For instance, hemodilution can lead to an underestimate of residual MM cells and
false-negative results. Furthermore, MM presents a spatial heterogeneity with patchy bone marrow
infiltration and potential extramedullary disease. Recently, the CASSIOPET trial [69] demonstrated
the potential bias of this spatial heterogeneity by evaluating residual disease with MRD and PET-CT
(Positron Emission Tomography and Computed Tomography). Among patients achieving undetectable
MRD, 10% might still present residual disease with PET-CT positivity. Therefore, better response
assessment may necessitate the combination of “biological MRD” with imaging, but further studies are
needed. Similarly, MRD detection in peripheral blood (liquid biopsy) could be an attractive additional
method. Nevertheless, with current technologies, the sensitivity does not equal the one that can be
obtained in the bone marrow, and no correlation was obtained between circulating tumor DNA and
bone marrow for MRD using only immunoglobulin gene rearrangements [70], suggesting that it may
not guide the treatment alone.

Finally, some (rare) patients with positive MRD may also have prolonged long-term survival.
In an elderly population, Rodriguez-Otero et al. [71] showed that the MGUS (Monoclonal Gammopathy
of Undetermined Significance)-like phenotypic signature was a potential post-treatment biomarker of
long-term disease control. Interestingly, the benefit of the MGUS-like profile in long-term survival is
independent of MRD. These results suggest that pursuing undetectable MRD might not be necessary
for all patients. Like the MGUS-like signature, the immune profile might help to distinguish which
patients will benefit from undetectable MRD.

4. In the Long Run (after Tomorrow): A Combined Approach Including
Molecular Characteristics?

What about targeted therapy in MM? This approach is very widespread in solid tumors.
Though there are some undeniable successes of targeted therapy in other hematological malignancies,
such as acute leukemias, some specific features make the task difficult in MM. Data obtained from NGS
have shown that no single unifying mutation has been found in MM, and that mutational landscape
heterogeneity is very high [31,72-74]. The median number of mutations per transcribed MM genome
is approximately 60 [72]; compared to other cancers, MM is in the middle, with more mutations than
acute leukemia but fewer than carcinogen-induced tumors [75]. The most frequently mutated genes are
KRAS and NRAS (approximately 25% and 20% of patients, respectively) followed by DIS3, FAM46C,
BRAF, TP53, and TRAF3. All other mutations are observed in less than 5% of patients [73,76,77].
In practice, very few studies have reported targeted treatment in MM. The activating BRAF V600E
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mutation has been specifically targeted in a single patient with vemurafenib [78], with encouraging
data, although very advanced disease. However, this targetable V600OE mutation represents only a
subset of BRAF mutations in MM. An unresolved issue in the field of targeted therapy is the minimum
allelic fraction required for a mutation to be targeted. Indeed, data from exome analysis reveal that in
many cases, MM driver mutations are present only in subclones [73,74,76,77,79], preventing the use
of a specific inhibitor in monotherapy. The combination of inhibitors targeting mutations occurring
in different subclones could be effective if cumulative toxicities are acceptable. The use of MEK
(Mitogen-activated Extracellular signal-regulated Kinase) inhibitors has been proposed in patients
displaying KRAS or NRAS mutations, but the results were unfortunately not very convincing [80-83].
The only mutation with well-established prognostic value implies the tumor suppressor p53 [77,79]
but, here, again, its therapeutic restoration is challenging [84]. The prospect of a targeted treatment of
MM based on mutations therefore remains uncertain.

The only current convincing targeted therapy in MM, the BCL2 inhibitor venetoclax, actually does
not have a clear target [85]. This drug has been associated with 40% of objective responses in
multi-refractory patients harboring the t(11;14) translocation in a single agent trial [86]. However,
no biological link between CCND1 and BCL-2 has been clearly highlighted. The presence of t(11;14) may
only be an imperfect surrogate marker of high BCL2 expression, with some patients without t(11;14)
also displaying good-quality response, and some with t(11;14) being refractory. The combination
of venetoclax with bortezomib and dexamethasone shows promising efficacy in relapsed refractory
MM [87], even if preliminary results of the double-blind randomized placebo-controlled BELLINI
trial led to a warning from the FDA due to an excess of infectious deaths in the venetoclax arm [88].
Nevertheless, venetoclax-based strategies should be considered at relapse in patients harboring t(11;14),
taking into account the benefit/risk balance and under the use of infectious prophylaxis.

Beyond targeted therapy in the strictest sense, some drugs may be particularly efficient in specific
cytogenetic profiles. The most striking example is t(4;14). Various clinical data have suggested that
bortezomib is of particular interest in patients with t(4;14) [46,89,90]. The widespread use of this drug
has probably contributed to reducing its unfavorable prognosis [91]. Carfilzomib and ixazomib have
also demonstrated their ability to increase PFS in combination with lenalidomide and dexamethasone in
high-risk patients [92]. Nevertheless, large studies devoted specifically to patients harboring t(4;14) are
lacking. Current real-world studies could probably evaluate if proteasome inhibitor-based combination
should be systematically used in such patients. For patients harboring del(17p), there is less data,
but pomalidomide may be of specific interest [93]. A phase 2 trial specifically dedicated to patients
harboring either t(4;14) or del(17p) is currently evaluating a combination of ixazomib, pomalidomide,
and dexamethasone (IFM 2014-01, NCT03683277).

Apart from cytogenetic and molecular abnormalities, some clinical presentations observed at
relapse, such as secondary plasma cell leukemia and extramedullary localizations, may benefit
from certain specifically oriented strategies. Some authors have suggested adapting treatment in
patients displaying a plasmablastic morphology and a high PI using anti-proliferative drugs, such as
anthracyclines and inhibitors of aurora kinase [17,94].

Given their very poor prognosis, cases with TP53 biallelic inactivation (double-hit myeloma) may
represent a totally unmet medical need [25]. Novel agents as idasanutlin or flotetuzumab have been
investigated in acute myeloid leukemias with TP53 abnormalities [95,96]. Such approaches targeting
MDM2 (a negative regulator of tumor suppressor p53) and/or characterizing the impact of the immune
landscape on the drug’s resistance might be also helpful in MM. In the future, risk factors related to the
myeloma microenvironment, such as immunoparesis, may also be taken into account [97].

5. On the Finish Line, the Clinical Pragmatic Approach

Emerging therapies and improvement in risk and response assessment have increased myeloma
patients’ survival, but also the complexity of treatment choice. To ease this decision, new treatment
strategies based on a better risk stratification, a better response assessment, and the discovery of
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molecular characteristics have and will emerge. These strategies rely on clinical trial results under
ideal circumstances. However, their application in routine clinical practice might face some real-life
limitations and thus needs to integrate a more pragmatic approach.

First, since more patients presented prolonged survival, quality of life (QoL) should be an essential
consideration in treatment strategy. With advances in the management of MM, clinical outcome
benefits resulted in an improved QoL for myeloma patients [98]. However, multidrug combination
and continuous or long-term treatment for maintenance and relapses become preponderant and
expose patients to more potential side effects. Thus, toxicity will impact treatment possibility in
a significant way, whatever the risk and the response. Indeed, even with new therapeutic agents,
between 5% and 30% of patients discontinued maintenance treatment due to toxicity [57,99,100].
Further, few clinical trials included extended follow-up of QoL and assessed only disease and treatment
symptoms. Other dimensions like psychological impact, social and family situation, treatment access,
or economic consideration may impact the treatment decision. In an exploratory study, Hulin et al. [101]
highlighted the impact of relapse with an emotional, physical, and social burden. Therefore, some
patients with fear of relapse may prefer continuous treatment. On the contrary, other patients wishing
longer treatment-free intervals may choose fixed-duration treatment. Thus, as equally important as
risk and response, the treatment decision should also reflect all these patient-related factors.

Finally, individualized patient-adapted strategies and those based on risk and response are not
opposites but rather complementary. Indeed, better identification of high-risk patients and better
detection of the quality of response will facilitate shared decision-making between patient and physician.
This new knowledge will help physicians and patients to assess more finely the benefit-risk balance
among multiple options and thus to reinforce treatment decisions (Figure 1). In the ever-changing field
of myeloma treatment, risk and response assessment is like a compass: it sets the course for treatment
decisions, but real-life clinical practice steers the ship.

Choice of the best treatment

MM Age Cytogenetic MRD QoL
PCL Comorbidity del17p AE
ED Frailty

Figure 1. Multiparametric and dynamic model to consider the best treatment choice for one patient.
MM: multiple myeloma, PCL: plasma cell leukemia, ED: extramedullary disease, MRD: minimal
residual disease, QoL: quality of life, AE: adverse events.

Author Contributions: T.C.,O.M.,LM., AS,, H.A-L.,].C. and A.P. wrote, reviewed and approved the manuscript.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.



Cancers 2020, 12, 3497 10 of 16

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Palumbo, A.; Bringhen, S.; Ludwig, H.; Dimopoulos, M.A.; Bladé, ].; Mateos, M.V.; Rosifiol, L.; Boccadoro, M.;
Cavo, M.; Lokhorst, H.; et al. Personalized therapy in multiple myeloma according to patient age and
vulnerability: A report of the European Myeloma Network (EMN). Blood 2011, 118, 4519-4529. [CrossRef]
Fried, L.P,; Tangen, C.M.; Walston, J.; Newman, A.B.; Hirsch, C.; Gottdiener, J.; Seeman, T.; Tracy, R.; Kop, W.].;
Burke, G.; et al. Frailty in Older AdultsEvidence for a Phenotype. J. Gerontol. A Biol. Sci. Med. Sci. 2001, 56,
M146-M157. [CrossRef]

Rockwood, K.; Song, X.; MacKnight, C.; Bergman, H.; Hogan, D.B.; McDowell, I.; Mitnitski, A. A global
clinical measure of fitness and frailty in elderly people. CMA] 2005, 173, 489-495. [CrossRef]

Palumbo, A.; Bringhen, S.; Mateos, M.-V.; Larocca, A.; Facon, T.; Kumar, S.K.; Offidani, M.; McCarthy, P.;
Evangelista, A.; Lonial, S.; et al. Geriatric assessment predicts survival and toxicities in elderly myeloma
patients: An International Myeloma Working Group report. Blood 2015, 125, 2068-2074. [CrossRef]
Engelhardt, M.; Domm, A.-S.; Dold, S.M.; Ihorst, G.; Reinhardt, H.; Zober, A.; Hieke, S.; Baayen, C.; Miiller,S.J.;
Einsele, H.; et al. A concise revised Myeloma Comorbidity Index as a valid prognostic instrument in a large
cohort of 801 multiple myeloma patients. Haematologica 2017, 102, 910-921. [CrossRef] [PubMed]

Isaacs, A.; Fiala, M.; Tuchman, S.; Wildes, T.M. A comparison of three different approaches to defining frailty
in older patients with multiple myeloma. J. Geriatr. Oncol. 2020, 11, 311-315. [CrossRef] [PubMed]
Bringhen, S.; Mateos, M.V.; Zweegman, S.; Larocca, A.; Falcone, A.P; Oriol, A.; Rossi, D.; Cavalli, M.;
Wijermans, P;; Ria, R.; et al. Age and organ damage correlate with poor survival in myeloma patients:
Meta-analysis of 1435 individual patient data from 4 randomized trials. Haematologica 2013, 98, 980-987.
[CrossRef] [PubMed]

Fernandez de Larrea, C.; Kyle, R.A.; Durie, B.G.M.; Ludwig, H.; Usmani, S.; Vesole, D.H.; Hajek, R.;
San Miguel, ].E; Sezer, O.; Sonneveld, P; et al. Plasma cell leukemia: Consensus statement on diagnostic
requirements, response criteria and treatment recommendations by the International Myeloma Working
Group. Leukemia 2013, 27, 780-791. [CrossRef] [PubMed]

Bhutani, M.; Foureau, D.M.; Atrash, S.; Voorhees, PM.; Usmani, S.Z. Extramedullary multiple myeloma.
Leukemia 2020, 34, 1-20. [CrossRef]

Musto, P,; Statuto, T.; Valvano, L.; Grieco, V.; Nozza, F.; Vona, G.; Bochicchio, G.B.; Rocca, FL.; D’Auria, F.
An update on biology, diagnosis and treatment of primary plasma cell leukemia. Expert Rev. Hematol. 2019,
12,245-253. [CrossRef]

Granell, M.; Calvo, X.; Garcia-Guifion, A.; Escoda, L.; Abella, E.; Martinez, C.M.; Teixid6, M.; Gimenez, M.T.;
Senin, A.; Sanz, P; et al. Prognostic impact of circulating plasma cells in patients with multiple myeloma:
Implications for plasma cell leukemia definition. Haematologica 2017, 102, 1099-1104. [CrossRef] [PubMed]
Ravi, P.; Kumar, S.K.; Roeker, L.; Gonsalves, W.; Buadji, F,; Lacy, M.Q.; Go, R.S.; Dispenzieri, A.; Kapoor, P,;
Lust, J.A.; et al. Revised diagnostic criteria for plasma cell leukemia: Results of a Mayo Clinic study with
comparison of outcomes to multiple myeloma. Blood Cancer J. 2018, 8, 116. [CrossRef] [PubMed]

Royer, B.; Minvielle, S.; Diouf, M.; Roussel, M.; Karlin, L.; Hulin, C.; Arnulf, B.; Macro, M.; Cailleres, S.;
Brion, A.; et al. Bortezomib, Doxorubicin, Cyclophosphamide, Dexamethasone Induction Followed by Stem
Cell Transplantation for Primary Plasma Cell Leukemia: A Prospective Phase II Study of the Intergroupe
Francophone du Myélome. |. Clin. Oncol. Off. ]. Am. Soc. Clin. Oncol. 2016, 34, 2125-2132. [CrossRef] [PubMed]
Musto, P,; Simeon, V.; Martorelli, M.C.; Petrucci, M.T.; Cascavilla, N.; Di Raimondo, F.; Caravita, T.;
Morabito, F; Offidani, M.; Olivieri, A.; et al. Lenalidomide and low-dose dexamethasone for newly
diagnosed primary plasma cell leukemia. Leukemia 2014, 28, 222-225. [CrossRef] [PubMed]

Parrondo, R.D.; Roy, V.; Sher, T.; Alegria, V.; Chanan-Khan, A.A.; Ailawadhi, S. Use of KRD-PACE as Salvage
Therapy in Aggressive, Relapsed/Bortezomib-Refractory Extramedullary Multiple Myeloma: A Report of
Two Cases and Literature Review. Case Rep. Hematol. 2020, 2020, 4360926. [CrossRef] [PubMed]
Gavriatopoulou, M.; Musto, P; Caers, ].; Merlini, G.; Kastritis, E.; van de Donk, N.; Gay, F.; Hegenbart, U.;
Hajek, R.; Zweegman, S; et al. European myeloma network recommendations on diagnosis and management
of patients with rare plasma cell dyscrasias. Leukemia 2018, 32, 1883-1898. [CrossRef]

Larsen, ].T.; Chee, C.E.; Lust, J.A.; Greipp, P.R.; Rajkumar, S.V. Reduction in plasma cell proliferation after
initial therapy in newly diagnosed multiple myeloma measures treatment response and predicts improved
survival. Blood 2011, 118, 2702-2707. [CrossRef]


http://dx.doi.org/10.1182/blood-2011-06-358812
http://dx.doi.org/10.1093/gerona/56.3.M146
http://dx.doi.org/10.1503/cmaj.050051
http://dx.doi.org/10.1182/blood-2014-12-615187
http://dx.doi.org/10.3324/haematol.2016.162693
http://www.ncbi.nlm.nih.gov/pubmed/28154088
http://dx.doi.org/10.1016/j.jgo.2019.07.004
http://www.ncbi.nlm.nih.gov/pubmed/31326393
http://dx.doi.org/10.3324/haematol.2012.075051
http://www.ncbi.nlm.nih.gov/pubmed/23445873
http://dx.doi.org/10.1038/leu.2012.336
http://www.ncbi.nlm.nih.gov/pubmed/23288300
http://dx.doi.org/10.1038/s41375-019-0660-0
http://dx.doi.org/10.1080/17474086.2019.1598258
http://dx.doi.org/10.3324/haematol.2016.158303
http://www.ncbi.nlm.nih.gov/pubmed/28255016
http://dx.doi.org/10.1038/s41408-018-0140-1
http://www.ncbi.nlm.nih.gov/pubmed/30442928
http://dx.doi.org/10.1200/JCO.2015.63.1929
http://www.ncbi.nlm.nih.gov/pubmed/27114594
http://dx.doi.org/10.1038/leu.2013.241
http://www.ncbi.nlm.nih.gov/pubmed/23958922
http://dx.doi.org/10.1155/2020/4360926
http://www.ncbi.nlm.nih.gov/pubmed/32148978
http://dx.doi.org/10.1038/s41375-018-0209-7
http://dx.doi.org/10.1182/blood-2011-03-341933

Cancers 2020, 12, 3497 11 of 16

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Garand, R.; Avet-Loiseau, H.; Accard, F; Moreau, P.; Harousseau, J.L.; Bataille, R. t(11;14) and t(4;14)
translocations correlated with mature lymphoplasmacytoid and immature morphology, respectively, in
multiple myeloma. Leukemia 2003, 17, 2032-2035. [CrossRef]

Fonseca, R.; Bergsagel, P.L.; Drach, J.; Shaughnessy, J.; Gutierrez, N.; Stewart, A K.; Morgan, G.; Van Ness, B.;
Chesi, M.; Minvielle, S.; et al. International Myeloma Working Group molecular classification of multiple
myeloma: Spotlight review. Leukemia 2009, 23, 2210-2221. [CrossRef]

Avet-Loiseau, H.; Durie, B.G.M.; Cavo, M.; Attal, M.; Gutierrez, N.; Haessler, J.; Goldschmidt, H.; Hajek, R.;
Lee, ].H,; Sezer, O.; et al. Combining fluorescent in situ hybridization data with ISS staging improves risk
assessment in myeloma: An International Myeloma Working Group collaborative project. Leukemia 2013, 27,
711-717. [CrossRef]

Drach, J.; Ackermann, J.; Fritz, E.; Kromer, E.; Schuster, R.; Gisslinger, H.; DeSantis, M.; Zojer, N.; Fiegl, M.;
Roka, S.; et al. Presence of a p53 gene deletion in patients with multiple myeloma predicts for short survival
after conventional-dose chemotherapy. Blood 1998, 92, 802-809. [CrossRef]

Lonial, S.; Dimopoulos, M.; Palumbo, A.; White, D.; Grosicki, S.; Spicka, I.; Walter-Croneck, A.; Moreau, P.;
Mateos, M.-V.; Magen, H.; et al. Elotuzumab Therapy for Relapsed or Refractory Multiple Myeloma. N. Engl.
J. Med. 2015, 373, 621-631. [CrossRef]

Avet-Loiseau, H.; Attal, M.; Moreau, P.; Charbonnel, C.; Garban, F; Hulin, C.; Leyvraz, S.; Michallet, M.;
Yakoub-Agha, I.; Garderet, L.; et al. Genetic abnormalities and survival in multiple myeloma: The experience
of the Intergroupe Francophone du Myélome. Blood 2007, 109, 3489-3495. [CrossRef] [PubMed]

Thakurta, A.; Ortiz, M.; Blecua, P.; Towfic, E; Corre, J.; Serbina, N.V.; Flynt, E.; Yu, Z.; Yang, Z.; Palumbo, A.;
et al. High subclonal fraction of 17p deletion is associated with poor prognosis in multiple myeloma. Blood
2019, 133, 1217-1221. [CrossRef] [PubMed]

Walker, B.A.; Mavrommatis, K.; Wardell, C.P.; Ashby, T.C.; Bauer, M.; Davies, F.; Rosenthal, A.; Wang, H.;
Qu, P; Hoering, A.; et al. A high-risk, Double-Hit, group of newly diagnosed myeloma identified by genomic
analysis. Leukemia 2019, 33, 159-170. [CrossRef]

Corre, ].; Perrot, A.; Caillot, D.; Belhadj Merzoug, K.; Hulin, C.; Leleu, X.; Mohty, M.; Facon, T.; Buisson, L.;
Do Souto, L.; et al. Dell7p without TP53 mutation confers poor prognosis in intensively treated newly
diagnosed multiple myeloma patients. Blood 2020. [CrossRef] [PubMed]

Chretien, M.-L.; Corre, J.; Lauwers-Cances, V.; Magrangeas, F.; Cleynen, A.; Yon, E.; Hulin, C.; Leleu, X,;
Orsini-Piocelle, F,; Blade, ].-S.; et al. Understanding the role of hyperdiploidy in myeloma prognosis: Which
trisomies really matter? Blood 2015, 126, 2713-2719. [CrossRef]

Du, C.; Mao, X,; Xu, Y,; Yan, Y.; Yuan, C.; Du, X;; Liu, J.; Fan, H.; Wang, Q.; Sui, W.; et al. 121 gain but not
t(4;14) indicates inferior outcomes in multiple myeloma treated with bortezomib. Leuk. Lymphoma 2020, 61,
1201-1210. [CrossRef] [PubMed]

Perrot, A.; Corre, J.; Avet-Loiseau, H. Risk Stratification and Targets in Multiple Myeloma: From Genomics
to the Bedside. Am. Soc. Clin. Oncol. Educ. Book 2018, 38, 675-680. [CrossRef] [PubMed]

Hebraud, B.; Leleu, X.; Lauwers-Cances, V.; Roussel, M.; Caillot, D.; Marit, G.; Karlin, L.; Hulin, C.; Gentil, C.;
Guilhot, F; et al. Deletion of the 1p32 region is a major independent prognostic factor in young patients with
myeloma: The IFM experience on 1195 patients. Leukemia 2014, 28, 675-679. [CrossRef] [PubMed]

Walker, B.A.; Boyle, EM.; Wardell, C.P,; Murison, A.; Begum, D.B.; Dahir, N.M.; Proszek, P.Z.; Johnson, D.C.;
Kaiser, M.F.; Melchor, L.; et al. Mutational Spectrum, Copy Number Changes, and Outcome: Results of a
Sequencing Study of Patients With Newly Diagnosed Myeloma. J. Clin. Oncol. Off. ]. Am. Soc. Clin. Oncol.
2015, 33, 3911-3920. [CrossRef] [PubMed]

Palumbo, A.; Avet-Loiseau, H.; Oliva, S.; Lokhorst, H.M.; Goldschmidt, H.; Rosinol, L.; Richardson, P.;
Caltagirone, S.; Lahuerta, J.J.; Facon, T.; et al. Revised International Staging System for Multiple Myeloma:
A Report From International Myeloma Working Group. J. Clin. Oncol. 2015, 33, 2863-2869. [CrossRef]
[PubMed]

Mikhael, ]J.R.; Dingli, D.; Roy, V.; Reeder, C.B.; Buadi, FEK.; Hayman, S.R.; Dispenzieri, A.; Fonseca, R.;
Sher, T.; Kyle, R.A ; et al. Management of newly diagnosed symptomatic multiple myeloma: Updated Mayo
Stratification of Myeloma and Risk-Adapted Therapy (mSMART) consensus guidelines 2013. Mayo Clin.
Proc. 2013, 88, 360-376. [CrossRef] [PubMed]

Sonneveld, P.; Salwender, H.-].; Van Der Holt, B.; el Jarari, L.; Bertsch, U.; Blau, IW.; Zweegman, S.;
Weisel, K.C.; Vellenga, E.; Pfreundschuh, M.; et al. Bortezomib Induction and Maintenance in Patients with


http://dx.doi.org/10.1038/sj.leu.2403091
http://dx.doi.org/10.1038/leu.2009.174
http://dx.doi.org/10.1038/leu.2012.282
http://dx.doi.org/10.1182/blood.V92.3.802
http://dx.doi.org/10.1056/NEJMoa1505654
http://dx.doi.org/10.1182/blood-2006-08-040410
http://www.ncbi.nlm.nih.gov/pubmed/17209057
http://dx.doi.org/10.1182/blood-2018-10-880831
http://www.ncbi.nlm.nih.gov/pubmed/30692124
http://dx.doi.org/10.1038/s41375-018-0196-8
http://dx.doi.org/10.1182/blood.2020008346
http://www.ncbi.nlm.nih.gov/pubmed/33080624
http://dx.doi.org/10.1182/blood-2015-06-650242
http://dx.doi.org/10.1080/10428194.2019.1700503
http://www.ncbi.nlm.nih.gov/pubmed/31842644
http://dx.doi.org/10.1200/EDBK_200879
http://www.ncbi.nlm.nih.gov/pubmed/30231368
http://dx.doi.org/10.1038/leu.2013.225
http://www.ncbi.nlm.nih.gov/pubmed/23892719
http://dx.doi.org/10.1200/JCO.2014.59.1503
http://www.ncbi.nlm.nih.gov/pubmed/26282654
http://dx.doi.org/10.1200/JCO.2015.61.2267
http://www.ncbi.nlm.nih.gov/pubmed/26240224
http://dx.doi.org/10.1016/j.mayocp.2013.01.019
http://www.ncbi.nlm.nih.gov/pubmed/23541011

Cancers 2020, 12, 3497 12 of 16

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Newly Diagnosed Multiple Myeloma: Long-Term Follow-up of the HOVON-65/GMMG-HD4 Trial. Blood
2015, 126, 27. [CrossRef]

Neben, K.; Lokhorst, H.M.; Jauch, A.; Bertsch, U.; Hielscher, T.; van der Holt, B.; Salwender, H.; Blau, LW.;
Weisel, K.; Pfreundschuh, M.; et al. Administration of bortezomib before and after autologous stem cell
transplantation improves outcome in multiple myeloma patients with deletion 17p. Blood 2012, 119, 940-948.
[CrossRef]

Stewart, A.K.; Rajkumar, S.V.; Dimopoulos, M.A.; Masszi, T.; épiéka, I.; Oriol, A.; Hajek, R.; Rosifiol, L.;
Siegel, D.S.; Mihaylov, G.G.; et al. Carfilzomib, lenalidomide, and dexamethasone for relapsed multiple
myeloma. N. Engl. ]. Med. 2015, 372, 142-152. [CrossRef]

Moreau, P.; Masszi, T.; Grzasko, N.; Bahlis, N.J.; Hansson, M.; Pour, L.; Sandhu, I.; Ganly, P.; Baker, BW.;
Jackson, S.R.; etal. Oral Ixazomib, Lenalidomide, and Dexamethasone for Multiple Myeloma. N. Engl. ]. Med.
2016, 374, 1621-1634. [CrossRef]

Richardson, P.G.; Weller, E.; Lonial, S.; Jakubowiak, A.]J.; Jagannath, S.; Raje, N.S.; Avigan, D.E.; Xie, W,;
Ghobrial, LM.; Schlossman, R.L.; et al. Lenalidomide, bortezomib, and dexamethasone combination therapy
in patients with newly diagnosed multiple myeloma. Blood 2010, 116, 679-686. [CrossRef]

Gay, E; Cerrato, C.; Petrucci, M.T.; Zambello, R.; Gamberi, B.; Ballanti, S.; Omede, P.; Palmieri, S.; Troia, R.;
Spada, S.; et al. Efficacy of carfilzomib lenalidomide dexamethasone (KRd) with or without transplantation
in newly diagnosed myeloma according to risk status: Results from the FORTE trial. JCO 2019, 37, 8002.
[CrossRef]

Voorhees, PM.; Kaufman, J.L.; Laubach, ].P.; Sborov, D.W.; Reeves, B.; Rodriguez, C.; Chari, A ; Silbermann, R.;
Costa, L.J.; Anderson, L.D.; et al. Daratumumab, lenalidomide, bortezomib, and dexamethasone for
transplant-eligible newly diagnosed multiple myeloma: The GRIFFIN trial. Blood 2020, 136, 936-945.
[CrossRef]

Moreau, P; Attal, M.; Hulin, C.; Arnulf, B.; Belhadj, K.; Benboubker, L.; Béné, M.C.; Broijl, A.; Caillon, H.;
Caillot, D.; et al. Bortezomib, thalidomide, and dexamethasone with or without daratumumab before
and after autologous stem-cell transplantation for newly diagnosed multiple myeloma (CASSIOPEIA):
A randomised, open-label, phase 3 study. Lancet 2019, 394, 29-38. [CrossRef]

Stadtmauer, E.A.; Pasquini, M.C.; Blackwell, B.; Hari, P.; Bashey, A.; Devine, S.; Efebera, Y.; Ganguly, S.;
Gasparetto, C.; Geller, N.; et al. Autologous Transplantation, Consolidation, and Maintenance Therapy in
Multiple Myeloma: Results of the BMT CTN 0702 Trial. J. Clin Oncol 2019, 37, 589-597. [CrossRef] [PubMed]
Cavo, M.; Gay, E; Beksac, M.; Pantani, L.; Petrucci, M.T.; Dimopoulos, M.A.; Dozza, L.; van der Holt, B.;
Zweegman, S.; Oliva, S.; et al Autologous haematopoietic stem-cell transplantation versus
bortezomib-melphalan-prednisone, with or without bortezomib-lenalidomide-dexamethasone consolidation
therapy, and lenalidomide maintenance for newly diagnosed multiple myeloma (EMNO02/HO95): A
multicentre, randomised, open-label, phase 3 study. Lancet Haematol. 2020, 7, e456—e468. [CrossRef]
[PubMed]

Nooka, AK.; Kaufman, J.L.; Muppidi, S.; Langston, A.; Heffner, L.T.; Gleason, C.; Casbourne, D.;
Saxe, D.; Boise, L.H.; Lonial, S. Consolidation and maintenance therapy with lenalidomide, bortezomib and
dexamethasone (RVD) in high-risk myeloma patients. Leukemia 2014, 28, 690-693. [CrossRef]

Facon, T.; Mary, ].Y.,; Hulin, C.; Benboubker, L.; Attal, M.; Pegourie, B.; Renaud, M.; Harousseau, J.L.;
Guillerm, G.; Chaleteix, C.; et al. Melphalan and prednisone plus thalidomide versus melphalan and
prednisone alone or reduced-intensity autologous stem cell transplantation in elderly patients with multiple
myeloma (IFM 99-06): A randomised trial. Lancet 2007, 370, 1209-1218. [CrossRef]

San Miguel, J.F; Schlag, R.; Khuageva, N.K.; Dimopoulos, M.A.; Shpilberg, O.; Kropff, M.; Spicka, I.;
Petrucci, M.T.; Palumbo, A.; Samoilova, O.S.; et al. Bortezomib plus melphalan and prednisone for initial
treatment of multiple myeloma. N. Engl. J. Med. 2008, 359, 906-917. [CrossRef]

Pawlyn, C; Cairns, D.; Kaiser, M.; Striha, A.; Jones, ].; Shah, V.; Jenner, M.; Drayson, M.; Owen, R.; Gregory, W.;
et al. The relative importance of factors predicting outcome for myeloma patients at different ages: Results
from 3894 patients in the Myeloma XI trial. Leukemia 2020, 34, 604—612. [CrossRef]

O’Donnell, E.K.; Laubach, J.P.;; Yee, A.].; Chen, T.; Huff, C.A.; Basile, EG.; Wade, P.M.; Paba-Prada, C.E.;
Ghobrial, ILM.; Schlossman, R.L.; et al. A phase 2 study of modified lenalidomide, bortezomib and
dexamethasone in transplant-ineligible multiple myeloma. Br. ]. Haematol. 2018, 182, 222-230. [CrossRef]


http://dx.doi.org/10.1182/blood.V126.23.27.27
http://dx.doi.org/10.1182/blood-2011-09-379164
http://dx.doi.org/10.1056/NEJMoa1411321
http://dx.doi.org/10.1056/NEJMoa1516282
http://dx.doi.org/10.1182/blood-2010-02-268862
http://dx.doi.org/10.1200/JCO.2019.37.15_suppl.8002
http://dx.doi.org/10.1182/blood.2020005288
http://dx.doi.org/10.1016/S0140-6736(19)31240-1
http://dx.doi.org/10.1200/JCO.18.00685
http://www.ncbi.nlm.nih.gov/pubmed/30653422
http://dx.doi.org/10.1016/S2352-3026(20)30099-5
http://www.ncbi.nlm.nih.gov/pubmed/32359506
http://dx.doi.org/10.1038/leu.2013.335
http://dx.doi.org/10.1016/S0140-6736(07)61537-2
http://dx.doi.org/10.1056/NEJMoa0801479
http://dx.doi.org/10.1038/s41375-019-0595-5
http://dx.doi.org/10.1111/bjh.15261

Cancers 2020, 12, 3497 13 of 16

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Mateos, M.-V.; Dimopoulos, M.A.; Cavo, M.; Suzuki, K.; Jakubowiak, A.; Knop, S.; Doyen, C.; Lucio, P;
Nagy, Z.; Kaplan, P; et al. Daratumumab plus Bortezomib, Melphalan, and Prednisone for Untreated
Myeloma. N. Engl. ]. Med. 2018, 378, 518-528. [CrossRef]

Facon, T.; Kumar, S.; Plesner, T.; Orlowski, R.Z.; Moreau, P,; Bahlis, N.; Basu, S.; Nahi, H.; Hulin, C.; Quach, H.;
et al. Daratumumab plus Lenalidomide and Dexamethasone for Untreated Myeloma. N. Engl. . Med. 2019,
380, 2104-2115. [CrossRef]

Kumar, S.K.; Dispenzieri, A.; Lacy, M.Q.; Gertz, M.A.; Buadi, FK.; Pandey, S.; Kapoor, P.; Dingli, D.;
Hayman, S.R.; Leung, N.; et al. Continued improvement in survival in multiple myeloma: Changes in early
mortality and outcomes in older patients. Leukemia 2014, 28, 1122-1128. [CrossRef] [PubMed]

Pozzi, S.; Marcheselli, L.; Bari, A.; Liardo, E.V.; Marcheselli, R.; Luminari, S.; Quaresima, M.; Cirilli, C.;
Ferri, P,; Federico, M,; et al. Survival of multiple myeloma patients in the era of novel therapies confirms the
improvement in patients younger than 75 years: A population-based analysis. Br. J. Haematol. 2013, 163,
40-46. [CrossRef] [PubMed]

Gay, F; Larocca, A.; Wijermans, P.; Cavallo, F; Rossi, D.; Schaafsma, R.; Genuardi, M.; Romano, A.;
Liberati, A.M.; Siniscalchi, A.; et al. Complete response correlates with long-term progression-free and
overall survival in elderly myeloma treated with novel agents: Analysis of 1175 patients. Blood 2011, 117,
3025-3031. [CrossRef] [PubMed]

Shah, N.; Callander, N.; Ganguly, S.; Gul, Z.; Hamadani, M.; Costa, L.; Sengsayadeth, S.; Abidi, M.; Hari, P;
Mohty, M.; et al. Hematopoietic Stem Cell Transplantation for Multiple Myeloma: Guidelines from the
American Society for Blood and Marrow Transplantation. Biol. Blood Marrow Transplant. 2015, 21, 1155-1166.
[CrossRef] [PubMed]

Moreau, P; San Miguel, J.; Sonneveld, P; Mateos, M.V.; Zamagni, E.; Avet-Loiseau, H.; Hajek, R.;
Dimopoulos, M.A.; Ludwig, H.; Einsele, H.; et al. Multiple myeloma: ESMO Clinical Practice Guidelines for
diagnosis, treatment and follow-up. Ann. Oncol. 2017, 28, iv52-iv61. [CrossRef]

Gay, E; Engelhardt, M.; Terpos, E.; Wisch, R.; Giaccone, L.; Auner, HW.; Caers, J.; Gramatzki, M.;
van de Donk, N.; Oliva, S.; et al. From transplant to novel cellular therapies in multiple myeloma: European
Myeloma Network guidelines and future perspectives. Haematologica 2018, 103, 197-211. [CrossRef]
[PubMed]

Jackson, G.H.; Davies, EE.; Pawlyn, C.; Cairns, D.A.; Striha, A.; Collett, C.; Hockaday, A.; Jones, J.R.;
Kishore, B.; Garg, M.; et al. Lenalidomide maintenance versus observation for patients with newly diagnosed
multiple myeloma (Myeloma XI): A multicentre, open-label, randomised, phase 3 trial. Lancet Oncol. 2019,
20, 57-73. [CrossRef]

Goldschmidt, H.; Mai, E.K.; Diirig, J.; Scheid, C.; Weisel, K.C.; Kunz, C.; Bertsch, U.; Hielscher, T.; Merz, M.;
Munder, M.; et al. Response-adapted lenalidomide maintenance in newly diagnosed myeloma: Results from
the phase IlIl GMMG-MMS5 trial. Leukemia 2020, 34, 1853-1865. [CrossRef]

Kumar, S; Paiva, B.; Anderson, K.C.; Durie, B.; Landgren, O.; Moreau, P.; Munshi, N.; Lonial, S.; Bladé, J.;
Mateos, M.-V,; et al. International Myeloma Working Group consensus criteria for response and minimal
residual disease assessment in multiple myeloma. Lancet Oncol. 2016, 17, e328-346. [CrossRef]

Landgren, O.; Devlin, S.; Boulad, M.; Mailankody, S. Role of MRD status in relation to clinical outcomes in
newly diagnosed multiple myeloma patients: A meta-analysis. Bone Marrow Transplant. 2016, 51, 1565-1568.
[CrossRef]

Munshi, N.C.; Avet-Loiseau, H.; Rawstron, A.C.; Owen, R.G.; Child, ]J.A.; Thakurta, A.; Sherrington, P.;
Samur, M.K.; Georgieva, A.; Anderson, K.C.; et al. Association of Minimal Residual Disease With Superior
Survival Outcomes in Patients With Multiple Myeloma: A Meta-analysis. JAMA Oncol. 2017, 3, 28-35.
[CrossRef] [PubMed]

Lahuerta, ].-].; Paiva, B.; Vidriales, M.-B.; Cordén, L.; Cedena, M.-T.; Puig, N.; Martinez-Lopez, J.; Rosifiol, L.;
Gutierrez, N.C.; Martin-Ramos, M.-L.; et al. Depth of Response in Multiple Myeloma: A Pooled Analysis of
Three PETHEMA/GEM Clinical Trials. J. Clin. Oncol. 2017, 35, 2900-2910. [CrossRef] [PubMed]
Chakraborty, R.; Muchtar, E.; Kumar, SK.; Jevremovic, D.; Buadi, EX.; Dingli, D.; Dispenzieri, A.;
Hayman, S.R.; Hogan, W.].; Kapoor, P; et al. Impact of Post-Transplant Response and Minimal Residual
Disease on Survival in Myeloma with High-Risk Cytogenetics. Biol. Blood Marrow Transplant. 2017, 23,
598-605. [CrossRef] [PubMed]


http://dx.doi.org/10.1056/NEJMoa1714678
http://dx.doi.org/10.1056/NEJMoa1817249
http://dx.doi.org/10.1038/leu.2013.313
http://www.ncbi.nlm.nih.gov/pubmed/24157580
http://dx.doi.org/10.1111/bjh.12465
http://www.ncbi.nlm.nih.gov/pubmed/23889344
http://dx.doi.org/10.1182/blood-2010-09-307645
http://www.ncbi.nlm.nih.gov/pubmed/21228328
http://dx.doi.org/10.1016/j.bbmt.2015.03.002
http://www.ncbi.nlm.nih.gov/pubmed/25769794
http://dx.doi.org/10.1093/annonc/mdx096
http://dx.doi.org/10.3324/haematol.2017.174573
http://www.ncbi.nlm.nih.gov/pubmed/29217780
http://dx.doi.org/10.1016/S1470-2045(18)30687-9
http://dx.doi.org/10.1038/s41375-020-0724-1
http://dx.doi.org/10.1016/S1470-2045(16)30206-6
http://dx.doi.org/10.1038/bmt.2016.222
http://dx.doi.org/10.1001/jamaoncol.2016.3160
http://www.ncbi.nlm.nih.gov/pubmed/27632282
http://dx.doi.org/10.1200/JCO.2016.69.2517
http://www.ncbi.nlm.nih.gov/pubmed/28498784
http://dx.doi.org/10.1016/j.bbmt.2017.01.076
http://www.ncbi.nlm.nih.gov/pubmed/28115277

Cancers 2020, 12, 3497 14 of 16

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Attal, M.; Lauwers-Cances, V.; Hulin, C.; Leleu, X.; Caillot, D.; Escoffre, M.; Arnulf, B.; Macro, M.; Belhadj, K.;
Garderet, L.; et al. Lenalidomide, Bortezomib, and Dexamethasone with Transplantation for Myeloma. N.
Engl. J. Med. 2017, 376, 1311-1320. [CrossRef] [PubMed]

Perrot, A.; Lauwers-Cances, V.; Corre, J.; Robillard, N.; Hulin, C.; Chretien, M.L.; Dejoie, T.; Maheo, S.;
Stoppa, A.M.; Pegourie, B.; et al. Minimal residual disease negativity using deep sequencing is a major
prognostic factor in multiple myeloma. Blood 2018, 132, 2456-2464. [CrossRef]

Goicoechea, I; Puig, N.; Cedena, M.-T.; Burgos, L.; Cordén, L.; Vidriales, M.B.; Flores-Montero, J.; Gutierrez, N.;
Calasanz, M.].; Martin Ramos, M.-L.; et al. Deep MRD profiling defines outcome and unveils different modes
of treatment resistance in standard and high risk myeloma. Blood 2020. [CrossRef]

Costa, L.J.; Chhabra, S.; Godby, K.N.; Medvedova, E.; Cornell, RF; Hall, A.C,; Silbermann, RW.;
Innis-Shelton, R.; Dhakal, B.; Deldiaquez, D.; et al. Daratumumab, Carfilzomib, Lenalidomide and
Dexamethasone (Dara-KRd) Induction, Autologous Transplantation and Post-Transplant, Response-Adapted,
Measurable Residual Disease (MRD)-Based Dara-Krd Consolidation in Patients with Newly Diagnosed
Multiple Myeloma (NDMM). Blood 2019, 134, 860. [CrossRef]

Raje, N.; Berdeja, J.; Lin, Y.; Siegel, D.; Jagannath, S.; Madduri, D.; Liedtke, M.; Rosenblatt, J.; Maus, M.V,;
Turka, A.; et al. Anti-BCMA CAR T-Cell Therapy bb2121 in Relapsed or Refractory Multiple Myeloma.
N. Engl. ]. Med. 2019, 380, 1726-1737. [CrossRef]

Moreau, P.; Zweegman, S.; Perrot, A.; Hulin, C.; Caillot, D.; Facon, T.; Leleu, X.; Belhadj, K.; Karlin, L.;
Benboubker, L.; et al. Evaluation of the Prognostic Value of Positron Emission Tomography-Computed
Tomography (PET-CT) at Diagnosis and Follow-up in Transplant-Eligible Newly Diagnosed Multiple
Myeloma (TE NDMM) Patients Treated in the Phase 3 Cassiopeia Study: Results of the Cassiopet Companion
Study. Blood 2019, 134, 692. [CrossRef]

Mazzotti, C.; Buisson, L.; Maheo, S.; Perrot, A.; Chretien, M.-L.; Leleu, X.; Hulin, C.; Manier, S.; Hébraud, B.;
Roussel, M.; et al. Myeloma MRD by deep sequencing from circulating tumor DNA does not correlate with
results obtained in the bone marrow. Blood Adv. 2018, 2, 2811-2813. [CrossRef]

Rodriguez-Otero, P.; Mateos, M.V.; Martinez-Lépez, J.; Herndndez, M.-T.; Ocio, E.M.; Rosifiol, L.; Martinez, R.;
Teruel, A.-L; Gutiérrez, N.C.; Bargay, J.; et al. Predicting long-term disease control in transplant-ineligible
patients with multiple myeloma: Impact of an MGUS-like signature. Blood Cancer J. 2019, 9, 36. [CrossRef]
[PubMed]

Chapman, M.A.; Lawrence, M.S.; Keats, J.J.; Cibulskis, K.; Sougnez, C.; Schinzel, A.C.; Harview, C.L.;
Brunet, J.-P.; Ahmann, G.J.; Adli, M.; et al. Initial genome sequencing and analysis of multiple myeloma.
Nature 2011, 471, 467-472. [CrossRef] [PubMed]

Bolli, N.; Avet-Loiseau, H.; Wedge, D.C.; Van Loo, P.; Alexandrov, L.B.; Martincorena, I.; Dawson, K.].;
Iorio, F; Nik-Zainal, S.; Bignell, G.R.; et al. Heterogeneity of genomic evolution and mutational profiles in
multiple myeloma. Nat. Commun. 2014, 5, 2997. [CrossRef] [PubMed]

Lohr, J.G.; Stojanov, P; Carter, S.L.; Cruz-Gordillo, P.; Lawrence, M.S.; Auclair, D.; Sougnez, C.; Knoechel, B.;
Gould, J.; Saksena, G.; et al. Widespread genetic heterogeneity in multiple myeloma: Implications for
targeted therapy. Cancer Cell 2014, 25, 91-101. [CrossRef] [PubMed]

Alexandrov, L.B.; Nik-Zainal, S.; Wedge, D.C.; Aparicio, S.A.J.R.; Behjati, S.; Biankin, A.V.; Bignell, G.R,;
Bolli, N.; Borg, A.; Borresen-Dale, A.-L.; et al. Signatures of mutational processes in human cancer. Nature
2013, 500, 415-421. [CrossRef] [PubMed]

Corre, J.; Cleynen, A.; Robiou du Pont, S.; Buisson, L.; Bolli, N.; Attal, M.; Munshi, N.; Avet-Loiseau, H.
Multiple myeloma clonal evolution in homogeneously treated patients. Leukemia 2018, 32, 2636-2647.
[CrossRef] [PubMed]

Walker, B.A.; Mavrommatis, K.; Wardell, C.P; Ashby, T.C.; Bauer, M.; Davies, EE.; Rosenthal, A.; Wang, H.;
Qu, P; Hoering, A.; et al. Identification of novel mutational drivers reveals oncogene dependencies in
multiple myeloma. Blood 2018, 132, 587-597. [CrossRef] [PubMed]

Andrulis, M.; Lehners, N.; Capper, D.; Penzel, R.; Heining, C.; Huellein, J.; Zenz, T.; von Deimling, A.;
Schirmacher, P.; Ho, A.D.; et al. Targeting the BRAF V600E mutation in multiple myeloma. Cancer Discov.
2013, 3, 862-869. [CrossRef] [PubMed]

Weinhold, N.; Ashby, C.; Rasche, L.; Chavan, S.S.; Stein, C.; Stephens, O.W.; Tytarenko, R.; Bauer, M.A.;
Meissner, T.; Deshpande, S.; et al. Clonal selection and double-hit events involving tumor suppressor genes
underlie relapse in myeloma. Blood 2016, 128, 1735-1744. [CrossRef] [PubMed]


http://dx.doi.org/10.1056/NEJMoa1611750
http://www.ncbi.nlm.nih.gov/pubmed/28379796
http://dx.doi.org/10.1182/blood-2018-06-858613
http://dx.doi.org/10.1182/blood.2020006731
http://dx.doi.org/10.1182/blood-2019-123170
http://dx.doi.org/10.1056/NEJMoa1817226
http://dx.doi.org/10.1182/blood-2019-123143
http://dx.doi.org/10.1182/bloodadvances.2018025197
http://dx.doi.org/10.1038/s41408-019-0176-x
http://www.ncbi.nlm.nih.gov/pubmed/30886139
http://dx.doi.org/10.1038/nature09837
http://www.ncbi.nlm.nih.gov/pubmed/21430775
http://dx.doi.org/10.1038/ncomms3997
http://www.ncbi.nlm.nih.gov/pubmed/24429703
http://dx.doi.org/10.1016/j.ccr.2013.12.015
http://www.ncbi.nlm.nih.gov/pubmed/24434212
http://dx.doi.org/10.1038/nature12477
http://www.ncbi.nlm.nih.gov/pubmed/23945592
http://dx.doi.org/10.1038/s41375-018-0153-6
http://www.ncbi.nlm.nih.gov/pubmed/29895955
http://dx.doi.org/10.1182/blood-2018-03-840132
http://www.ncbi.nlm.nih.gov/pubmed/29884741
http://dx.doi.org/10.1158/2159-8290.CD-13-0014
http://www.ncbi.nlm.nih.gov/pubmed/23612012
http://dx.doi.org/10.1182/blood-2016-06-723007
http://www.ncbi.nlm.nih.gov/pubmed/27516441

Cancers 2020, 12, 3497 15 of 16

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Yordanova, A.; Hose, D.; Neben, K.; Witzens-Harig, M.; Giitgemann, I.; Raab, M.-S.; Moehler, T,;
Goldschmidt, H.; Schmidt-Wolf, I.G.H. Sorafenib in patients with refractory or recurrent multiple myeloma.
Hematol. Oncol. 2013, 31, 197-200. [CrossRef] [PubMed]

Srkalovic, G.; Hussein, M.A.; Hoering, A.; Zonder, ].A.; Popplewell, L.L.; Trivedi, H.; Mazzoni, S.; Sexton, R.;
Orlowski, R.Z.; Barlogie, B. A phase II trial of BAY 43-9006 (sorafenib) (NSC-724772) in patients with relapsing
and resistant multiple myeloma: SWOG S0434. Cancer Med. 2014, 3, 1275-1283. [CrossRef] [PubMed]

Udji, J.; Schiiler, J.; Wider, D.; Thorst, G.; Catusse, J.; Waldschmidyt, J.; Schnerch, D.; Follo, M.; Wisch, R.;
Engelhardt, M. Potent in vitro and in vivo activity of sorafenib in multiple myeloma: Induction of cell death,
CD138-downregulation and inhibition of migration through actin depolymerization. Br. ]. Haematol. 2013,
161, 104-116. [CrossRef] [PubMed]

Heuck, CJ.; Jethava, Y,; Khan, R.; van Rhee, E; Zangari, M.; Chavan, S.; Robbins, K.; Miller, S.E.; Matin, A.;
Mohan, M.; et al. Inhibiting MEK in MAPK pathway-activated myeloma. Leukemia 2016, 30, 976-980.
[CrossRef] [PubMed]

Khoo, K.H.; Hoe, K.K.; Verma, C.S.; Lane, D.P. Drugging the p53 pathway: Understanding the route to
clinical efficacy. Nat. Rev. Drug Discov. 2014, 13, 217-236. [CrossRef]

Touzeau, C.; Maciag, P; Amiot, M.; Moreau, P. Targeting Bcl-2 for the treatment of multiple myeloma.
Leukemia 2018, 32, 1899-1907. [CrossRef] [PubMed]

Dingli, D.; Ailawadhi, S.; Bergsagel, P.L.; Buadi, FK.; Dispenzieri, A.; Fonseca, R.; Gertz, M.A.; Gonsalves, W.I.;
Hayman, S.R.; Kapoor, P; et al. Therapy for Relapsed Multiple Myeloma: Guidelines From the Mayo
Stratification for Myeloma and Risk-Adapted Therapy. Mayo Clin. Proc. 2017, 92, 578-598. [CrossRef]
Moreau, P.; Chanan-Khan, A.; Roberts, A.W.; Agarwal, A.B.; Facon, T.; Kumar, S.; Touzeau, C.; Punnoose, E.A;
Cordero, J.; Munasinghe, W.; et al. Promising efficacy and acceptable safety of venetoclax plus bortezomib
and dexamethasone in relapsed/refractory MM. Blood 2017, 130, 2392-2400. [CrossRef]

Kumar, S.; Harrison, S.J.; Cavo, M.; De La Rubia, J.; Popat, R.; Gasparetto, C.J.; Hungria, V.; Salwender, H.].;
Suzuki, K.; Kim, I; et al. A Phase 3 Study of Venetoclax or Placebo in Combination with Bortezomib and
Dexamethasone in Patients with Relapsed/Refractory Multiple Myeloma. Clin. Lymphoma Myeloma Leuk.
2019, 19, E31. [CrossRef]

Avet-Loiseau, H.; Leleu, X.; Roussel, M.; Moreau, P.; Guerin-Charbonnel, C.; Caillot, D.; Marit, G.;
Benboubker, L.; Voillat, L.; Mathiot, C.; et al. Bortezomib plus dexamethasone induction improves
outcome of patients with t(4;,14) myeloma but not outcome of patients with del(17p). J. Clin. Oncol. Off. J.
Am. Soc. Clin. Oncol. 2010, 28, 4630-4634. [CrossRef]

Abdallah, N.; Rajkumar, S.V.; Greipp, P.; Kapoor, P.; Gertz, M.A.; Dispenzieri, A.; Baughn, L.B.; Lacy, M.Q.;
Hayman, S.R.; Buadi, FK,; et al. Cytogenetic abnormalities in multiple myeloma: Association with disease
characteristics and treatment response. Blood Cancer J. 2020, 10, 82. [CrossRef]

Perrot, A.; Lauwers-Cances, V.; Tournay, E.; Hulin, C.; Chretien, M.-L.; Royer, B.; Dib, M.; Decaux, O.;
Jaccard, A.; Belhadj, K; et al. Development and Validation of a Cytogenetic Prognostic Index Predicting
Survival in Multiple Myeloma. J. Clin. Oncol. 2019, 37, 1657-1665. [CrossRef] [PubMed]

Avet-Loiseau, H.; Bahlis, N.J.; Chng, W.-].; Masszi, T.; Viterbo, L.; Pour, L.; Ganly, P.; Palumbo, A.; Cavo, M.;
Langer, C.; et al. Ixazomib significantly prolongs progression-free survival in high-risk relapsed/refractory
myeloma patients. Blood 2017, 130, 2610-2618. [CrossRef] [PubMed]

Leleu, X.; Karlin, L.; Macro, M.; Hulin, C.; Garderet, L.; Roussel, M.; Arnulf, B.; Pegourie, B.; Kolb, B.;
Stoppa, A.M.; et al. Pomalidomide plus low-dose dexamethasone in multiple myeloma with deletion 17p
and/or translocation (4;14): IFM 2010-02 trial results. Blood 2015, 125, 1411-1417. [CrossRef] [PubMed]
Hose, D.; Reme, T.; Hielscher, T.; Moreaux, J.; Messner, T.; Seckinger, A.; Benner, A.; Shaughnessy, ].D.;
Barlogie, B.; Zhou, Y.; et al. Proliferation is a central independent prognostic factor and target for personalized
and risk-adapted treatment in multiple myeloma. Haematologica 2011, 96, 87-95. [CrossRef]

Montesinos, P.; Beckermann, B.M.; Catalani, O.; Esteve, J.; Gamel, K.; Konopleva, M.Y.; Martinelli, G.;
Monnet, A.; Papayannidis, C.; Park, A.; et al. MIRROS: A randomized, placebo-controlled, Phase III trial of
cytarabine + idasanutlin in relapsed or refractory acute myeloid leukemia. Future Oncol. 2020, 16, 807-815.
[CrossRef]

Vadakekolathu, J.; Lai, C.; Reeder, S.; Church, S.E.; Hood, T.; Lourdusamy, A.; Rettig, M.P.; Aldoss, I;
Advani, A.S.; Godwin, J.; et al. TP53 abnormalities correlate with immune infiltration and associate with
response to flotetuzumab immunotherapy in AML. Blood Adv. 2020, 4, 5011-5024. [CrossRef]


http://dx.doi.org/10.1002/hon.2043
http://www.ncbi.nlm.nih.gov/pubmed/23494836
http://dx.doi.org/10.1002/cam4.276
http://www.ncbi.nlm.nih.gov/pubmed/24913924
http://dx.doi.org/10.1111/bjh.12226
http://www.ncbi.nlm.nih.gov/pubmed/23384035
http://dx.doi.org/10.1038/leu.2015.208
http://www.ncbi.nlm.nih.gov/pubmed/26228812
http://dx.doi.org/10.1038/nrd4236
http://dx.doi.org/10.1038/s41375-018-0223-9
http://www.ncbi.nlm.nih.gov/pubmed/30076373
http://dx.doi.org/10.1016/j.mayocp.2017.01.003
http://dx.doi.org/10.1182/blood-2017-06-788323
http://dx.doi.org/10.1016/j.clml.2019.09.046
http://dx.doi.org/10.1200/JCO.2010.28.3945
http://dx.doi.org/10.1038/s41408-020-00348-5
http://dx.doi.org/10.1200/JCO.18.00776
http://www.ncbi.nlm.nih.gov/pubmed/31091136
http://dx.doi.org/10.1182/blood-2017-06-791228
http://www.ncbi.nlm.nih.gov/pubmed/29054911
http://dx.doi.org/10.1182/blood-2014-11-612069
http://www.ncbi.nlm.nih.gov/pubmed/25575538
http://dx.doi.org/10.3324/haematol.2010.030296
http://dx.doi.org/10.2217/fon-2020-0044
http://dx.doi.org/10.1182/bloodadvances.2020002512

Cancers 2020, 12, 3497 16 of 16

97.

98.

99.

100.

101.

Heaney, ].L.].; Campbell, J.P; Igbal, G.; Cairns, D.; Richter, A.; Child, J.A.; Gregory, W.; Jackson, G.; Kaiser, M.;
Owen, R.; et al. Characterisation of immunoparesis in newly diagnosed myeloma and its impact on
progression-free and overall survival in both old and recent myeloma trials. Leukemia 2018, 32, 1727-1738.
[CrossRef]

Roussel, M.; Hebraud, B.; Hulin, C.; Perrot, A.; Caillot, D.; Stoppa, A.-M.; Macro, M.; Escoffre, M.; Arnulf, B.;
Belhadj, K; et al. Health-related quality of life results from the IFM 2009 trial: Treatment with lenalidomide,
bortezomib, and dexamethasone in transplant-eligible patients with newly diagnosed multiple myeloma.
Leuk. Lymphoma 2020, 61, 1323-1333. [CrossRef]

Attal, M.; Lauwers-Cances, V.; Marit, G.; Caillot, D.; Moreau, P; Facon, T.; Stoppa, A.M.; Hulin, C,;
Benboubker, L.; Garderet, L.; et al. Lenalidomide maintenance after stem-cell transplantation for multiple
myeloma. N. Engl. J. Med. 2012, 366, 1782-1791. [CrossRef]

Dimopoulos, M.A.; Gay, E,; Schjesvold, F.; Beksac, M.; Hajek, R.; Weisel, K.C.; Goldschmidt, H.; Maisnar, V.;
Moreau, P.; Min, C.K; et al. Oral ixazomib maintenance following autologous stem cell transplantation
(TOURMALINE-MMB3): A double-blind, randomised, placebo-controlled phase 3 trial. Lancet 2019, 393,
253-264. [CrossRef]

Hulin, C.; Hansen, T.; Heron, L.; Pughe, R.; Streetly, M.; Plate, A.; Perkins, S.; Morgan, K.; Tinel, A.;
Rodrigues, F; et al. Living with the burden of relapse in multiple myeloma from the patient and physician
perspective. Leuk. Res. 2017, 59, 75-84. [CrossRef] [PubMed]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1038/s41375-018-0163-4
http://dx.doi.org/10.1080/10428194.2020.1719091
http://dx.doi.org/10.1056/NEJMoa1114138
http://dx.doi.org/10.1016/S0140-6736(18)33003-4
http://dx.doi.org/10.1016/j.leukres.2017.05.019
http://www.ncbi.nlm.nih.gov/pubmed/28582636
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Lessons from the Past: Consider the Risk at Diagnosis 
	Age and Vulnerability 
	Aggressive Clinical Presentations 
	The Huge Prognostic Value of Cytogenetics 
	What Impact on the Choice of Treatment? 

	The Near Future (Tomorrow): Adapt the Strategy to the Response and the MRD 
	Induction/Intensification 
	Consolidation/Maintenance 
	Relapse Treatment 

	In the Long Run (after Tomorrow): A Combined Approach Including Molecular Characteristics? 
	On the Finish Line, the Clinical Pragmatic Approach 
	References

