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Abstract: Smoldering multiple myeloma (SMM), an asymptomatic plasma cell neoplasm, is currently
diagnosed according to the updated IMWG criteria, which reflect an intermediate tumor mass
between monoclonal gammopathy of undetermined significance (MGUS) and active MM. However,
SMM is a heterogeneous entity and individual case may go from an “MGUS-like” behavior to “early
MM” with rapid transformation into symptomatic disease. This wide range of clinical outcomes
poses challenges for prognostication and management of individual patients. However, initial studies
showed a benefit in terms of progression or even survival for early treatment of high-risk SMM
patients. While outside of clinical trials the conventional approach to SMM generally remains that of
close observation, these studies raised the question of whether early treatment should be offered in
high-risk patients, prompting evaluation of several different therapeutic approaches with different
goals. While delay of progression to MM with a non-toxic treatment is clearly achievable by early
treatment, a convincing survival benefit still needs to be proven by independent studies. Furthermore,
if SMM is to be considered less biologically complex than MM, early treatment may offer the chance
of cure that is currently not within reach of any active MM treatment. In this paper, we present
updated results of completed or ongoing clinical trials in SMM treatment, highlighting areas of
uncertainty and critical issues that will need to be addressed in the near future before the “watch and
wait” paradigm in SMM is abandoned in favor of early treatment.

Keywords: smoldering multiple myeloma; immunotherapy; clinical trials; progressive disease;
prognostic factors; quality of life; overall survival

1. Introduction

In the continuous spectrum of monoclonal gammopathies, smoldering multiple
myeloma (SMM) occupies an intermediate position between what is usually referred
to as a pre-malignant condition, i.e., monoclonal gammopathy of indeterminate signif-
icance (MGUS) and active multiple myeloma. SMM has a higher disease burden than
MGUS, but does not show end-organ damage or any of the other myeloma-defining events
observed in MM [1–5]. SMM is, therefore, regarded to as an asymptomatic cancer.

SMM is rare, representing 8–14% of the total of MM patients. The median age of
onset is 67 years. The incidence is 0.4 cases per 100,000 people per year and is higher in
Americans of African descent, as reported for MM [6,7]. The median time to progression
(TTP) of SMM to active MM is about 5 years. However, this is not constant: it approximates
10% per year during the first 5 years, then decreases to 3% per year for the subsequent
5 years and slows significantly after 10 years, reaching a progression rate of 1% similar
to what reported for MGUS [7,8]. SMM is therefore heterogeneous and cases cover an
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extremely wide spectrum. Some are biologically “MGUS-like”, i.e., indolent conditions
with a higher tumor burden and in fact one third of SMM patients will never progress in
their life. At the other end of the spectrum are “de facto MM” cases, i.e., patients with a
biologically aggressive disease, just not meeting clinical criteria at the time of analysis. Such
a variety of clinical behaviors represents a challenge for prognostication and management
of individual patients [9].

The conventional approach to SMM is classically represented by watch and wait to
monitor possible disease progression, delaying treatment to that time. In a way, clinicians
would request laboratory and imaging tests to decide “when” to treat SMM. However,
advances in the knowledge of disease biology have led to improved SMM risk stratification.
Furthermore, novel and effective treatments produce much-improved survival in MM
patients. Therefore, it is time for re-consider the current approach and ask whether we
are ready to decide “which” SMM patient to treat instead of “when” [10]. Early treatment
could indeed delay progression to MM or avoid it altogether, potentially curing some
patients and prevent the severe complications of end-organ damage. Not surprisingly,
early treatment is a much-debated issue [4,11–15].

2. Pathogenesis and Diagnosis of Smoldering Multiple Myeloma

From a biological point of view, SMM shows the initiating events of all monoclonal
gammopathies, i.e., recurrent translocations of oncogenes to the immunoglobulin heavy
chain (IGH) locus on chromosome 14, or multiple trisomies of odd-numbered chromo-
somes [16]. However, these events are required but not sufficient for progression to active
MM. Indeed, progression for SMM to MM is characterized by an ongoing acquisition of
additional genomic events, each of which confers a distinct risk. While the genome of
ultra-high risk SMM shows a landscape of mutations and chromosomal abnormalities that
is more similar to MM [17], abnormalities like del (13q), amp (1q), del (17p) increase in
frequency as the disease shifts to active MM [18]. Among other genomic events associated
with progression are translocations between the IGH locus and the MYC oncogene [17,19]
and accumulation of complex rearrangements [17,20]. Last, the activity of several mu-
tational processes can be tracked over time. Initiating lesions arise from the activity of
the DNA activation-induced cytidine deaminase (AID) within the germinal center, while
late mutations associated with progression to MM arise from the aberrant activity of the
APOBEC (apolipoprotein B mRNA editing catalytic polypeptide-like) family of cytidine
deaminases, a mutational process common to many cancers and absent in normal plasma
cells (PCs) [17,21,22].

Genomics is however not part of routine SMM diagnosis. For this purpose, Interna-
tional Myeloma Working Group (IMWG) criteria are used, taking into account several
disease burden measures. Patients with SMM have more than 3 gr/dL of monoclonal
component and/or >10% clonal bone marrow plasma cells (BMPC). In addition, SMM
has no evidence of end-organ damage, amyloidosis and “myeloma defining events”, i.e.,
>60% BMPC, a free lights chain (FLC) ratio >100 and >1 focal lesion with magnetic reso-
nance imaging (MRI) [3]. IMWG recommends SMM is monitored at 2–3 months following
initial diagnosis, then every 4–6 months for one year and every 6–12 months after that if
stable [23]. However, follow-up intervals also depend on the individual risk of progression,
which can be measured by several different approaches

3. Risk Stratification of Smoldering Multiple Myeloma

In the last few decades, several risk scores for SMM progression have been proposed.
Some include laboratory parameters that are routinely used in the clinic such as the
BMPC infiltration rate, immunoparesis of non-involved immunoglobulins, serum MC
concentration, an altered FLC ratio and albumin levels [8,24,25]. Others also include more
sophisticated multi-parametric flow-cytometry assessment of BMPCs or clonal plasma cells
circulating in peripheral blood [26–28]. Prognosis has however been found to correlate
with a variety of factors. Examples include the increase over time of MC and Bence–
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Jones proteinuria [29,30], the decrease of hemoglobin [31], specific features of the BM
biopsy [32] or bone involvement detected by MRI or PET-CT [33,34]. Of particular interest
are prognostic factors that take into account the intrinsic features of the biopsy, particularly
the cytogenetic and molecular findings of the clonal population [35–38], or their gene
expression profiling [39].

However, many of these studies have lost much of their value since the 2014 IMWG
revised SMM diagnostic criteria [3]. Since then in fact, several cases that would have been
classified as high-risk smoldering are now considered as active MM and treated as such.
Furthermore, some discordances among different SMM risk models have been reported [40].
This requires more modern prognostic scores that incorporate the 2014 diagnostic criteria
and are universally applicable. The recent “20/2/20 SMM score” was inspired by this need
and developed based on three simple criteria: involved to uninvolved serum FLC ratio > 20,
M-protein > 2 g/dL and BMPC > 20%. The absence of these criteria, or the presence of 1 or
2+, stratifies patients in three risk groups with 109.8, 67.8 and 29.2 months median time to
progression in low, intermediate and high-risk groups, respectively [41]. Since biological
features of the disease are indeed causal to its clinical behavior, the inclusion of cytogenetic
data to this prognostic score further refines its accuracy. In particular, assessment by
FISH of t (4;14), t (14;16), del (13q) and amp (1q), together with a risk score built on the
same FLC ratio, BMPC and M-protein concentration as above returns a four-group risk
stratification model. Two year progression rates are 72.5%, 51.1%, 26.2% and 3.8% for the
high, intermediate, intermediate-low and low-risk groups, respectively [42].

Although times are not ready yet for a routine application of genomic techniques
for SMM prognostication [43], clear differences emerge from NGS analysis of indolent
vs. progressive asymptomatic plasma cell dyscrasias [17,44–46]. A “genomic model” of
SMM risk of progression has been proposed that includes mutations in TP53 and ATM, del
(17p), KRAS and NRAS gene mutations, MYC aberrations (translocations or copy-number
variations) [45]. The absence of these alterations conferred a median time to progression of
7.2 years, while patients with one or more progressed in a median time of 1.2 years and
faster if two or more alterations were present.

4. Initial Studies on Early Treatment of Smoldering Multiple Myeloma

The concept of early treatment in SMM can be applied with different intensities and
goals. Treatment can be low-intensity to delay progression, similar to MM, or even more
intense with the goal to reach a cure (Table 1).
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Table 1. Selected clinical trials in smoldering multiple myeloma.

Reference Clinical Trial Phase N. Patients Treatments Follow-Up Response Rates Outcomes

[47–49] QuiRedex
NCT00480363 III 119

Induction: 28 day-cycle (C1–9)
Lenalidomide 25 mg p.o. days 1–21 + Dex 20 mg p.o.
days 1–4, 12–15;
Maintenance: 28 day-cycle (C1–24) Lenalidomide
10 mg p.o. days 1–21 (N. 57)
Observation (N. 62)

Median FU:
10.8 years

After induction:
ORR: 79%, CR: 14%
After maintenance:
ORR: 90%, CR: 26%
ORR/CR: NA

Median TTP: 9.0 vs.
2.1 years (p = 0.034)
Median OS: NR vs.
7.8 years (p < 0.0001)

[50] SWOG E3A06
NCT01169337 III 182

Continuous therapy: 28 day-cycle (C1–PD):
Lenalidomide 25 mg p.o. days 1–21 (n = 90)
Observation (n = 92)

Median FU:
35 months

ORR: 50%, CR 0%
3-year PFS: 91% vs.
66% (p = 0.002)

ORR: NA

[51,52] NCT01572480 II 18

Induction: 28 day-cycle (C1–8): Carfilzomib
20/36 mg/sqm i.v. days 1,2, 8, 9, 15, 16 +
Lenalidomide 25 mg p.o. days 1–21 + Dex 20 mg
(C1–4) and 10 (C5–8) p.o. or i.v. days 1, 2, 8, 9, 15, 16
Maintenance: 28 day-cycle (C1–24) Lenalidomide
25 mg days 1–21

Median FU:
43.3 months

ORR: 100%,
MRD negativity: 92%
by MFC, 75% by NGS

Estimated 4-year PFS:
71%
Estimated 4-year OS:
100%

[53,54]
GEM-CESAR
NCT02415413
67

II 90

Induction: 28 day-cycle [C1–6]: Carfilzomib
20/36 mg/sqm i.v. days 1,2, 8, 9, 15, 16 + Lenalidomide
25 mg p.o. days 1–21 + Dex 40 mg days 1, 8, 15, 22
AuSCT: Melphalan 200 mg/sqm
Consolidation: 2 cycles as induction
Maintenance: 28 day-cycle Lenalidomide 10 mg days
1–21 + Dex 20 mg days 1, 8,15, 22 for 2 years

Median FU:
32 months

ORR: 98%
post-induction, 98%
post-AuSCT, 100%
post-consolidation
and maintenance;
≥CR: 38.4%, 61.5%
and 68.6% at the
same time-points
MRD negativity:
23%, 44% and 55% at
the same time points

PFS 93%
(5 biochemical
progressions)

[55] NCT02916771 II 26 (56
planned)

Induction: 28 day-cycle (C1–9): Ixazomib 4 mg p.o.
days 1, 8, 15 + Lenalidomide 25 mg p.o. days 1–21 +
Dex 40 mg p.o. days 1, 8, 15, 22
Maintenance: 28 day-cycle (C10–24): Ixazomib 4 mg p.o.
days 1, 8, 15 + lenalidomide 15 mg p.o. days 1–21 (n = 45)

Median
number of
cycles: 8

ORR: 89%, CR: 19.2% No progression
to MM
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Table 1. Cont.

Reference Clinical Trial Phase N. Patients Treatments Follow-Up Response Rates Outcomes

[56] CENTAURUS
NCT02316106 II 123

Dara 16 mg/kg IV in 8-wk cycles:
Extended intense (N. 41): (C1) every 1 week; (C2–3)
every other week; (C4–7) every 4 week; (C8-20) every
8 week
Intermediate intense (N. 41): (C1) every 1 week and
(C2–20) every 8 week
Short dosing (N. 41): (C1) every 1 week

Median FU
26 months

ORR:56%, CR: 4.9%,
ORR:54%, CR: 9.8%,
ORR:38%, CR: 0%

2-year PFS: 89.9% vs.
82.0% vs. 75.3%

[57] ASCENT
NCT03289299 II 46 (83

planned)

Induction: Carfilzomib (36 mg/sqm twice weekly i.v.
or as per updated protocol 56 mg/sqm i.v. weekly for
2 weeks), Lenalidomide (25 mg daily p.o. for three
weeks), Dara (weekly for 8 doses i.v., every other week
for 16 weeks), Dex 40 mg weekly p.o., in 4 week cycles
for 6 cycles.
Consolidation: the same previous regimen with Dara
i.v. every 4 weeks and Dex 20 mg weekly p.o. for
another 6 cycles.
Maintenance: 12 cycles with Lenalidomide (10 mg
daily p.o. for three weeks) and Dara i.v. (day 1 every
other cycle) of a 4-week cycle.

NA NA

Only preliminary
safety data available:
Single grade 3–4
adverse events < 10%;
52% at least one
grade > 2 adverse
events;
relative median dose
intensity: 85%
(carfilzomib),
92% (dara), 80%
(lenalidomide) and
98% (dexa).

[58] NCT02960555 II 24 (61
planned)

Isatuximab 20 mg/kg i.v. in 4 week cycle (C1) every
1 week; [C2–6] every other week; [C7–30] every 4 week

Median
number of
cycles: 11.5

ORR: 64%, CR: 5%,
with MRD negativity NA

[59] NT01441973 II 31

Elotuzumab 20 mg/kg i.v. [C1] days 1, 8, then
(C2-progressive disease) monthly every 4 weeks
Elotuzumab 10 mg/kg i.v. [C1] days 1, 8, 15, 22, then
(C2-progressive disease) monthly every 2 weeks

FU at least
28 months

ORR: 10%
(cumulative)

2-year PFS 69%
(cumulative)
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Table 1. Cont.

Reference Clinical Trial Phase N. Patients Treatments Follow-Up Response Rates Outcomes

[60] NCT02279394 II 50

Induction: 28 day-cycle (C1–2) Elotuzumab 10 mg/kg
i.v. days 1, 8, 15, 22 + Lenalidomide 25 mg p.o. days
1–21 + Dex 40 mg p.o. days 1, 8, 15, 22 (C3–8): Stem
cell collection; Elotuzumab 10 mg/kg i.v. days 1, 15 +
Lenalidomide as 25 mg p.o. days 1–21 + Dex 40 mg p.o.
days 1, 8, 15
Maintenance: 28 day-cycle (C9–24) Elotuzumab
10 mg/kg i.v. days 1 + Lenalidomide 25 mg p.o. days 1–21

NA ORR: 84%, CR: 6% No progression to
MM

[61] NCT02603887 Pilot study 13
Pembrolizumab 200 mg IV every 3
weeks × 8 cycles; with option to continue up
to 24 cycles if continued benefit

Median
number of
cycles: 8

ORR: 8%, CR: 8%,
MRD negativity 8%

15% of patients
progressed to MM

[62] NCT01484275 Pilot
study 85

Siltuximab 15 mg/kg i.v. in 2 h q 4 week (N. 43)
(C1–progressive disease) (N.43)
Observation (N. 42)

Median FU
29.2 months NA

1-year PFS: 84.5% vs.
74.4% (p < 0.06)
Median PFS: NR vs:
23.5 months; OS NR
in both arms

[63] NCT01718899 I-IIa 20

PVX-410 vaccine cohort (n = 3 + 6) 0.4-0.8 mg SC;
every 2 weeks × 6 doses
PVX-410 combination cohort (n = 10): PVX-410
vaccine 0.8 mg SC every 2
weeks × 6 doses + Lenalidomide 25 mg p.o. D1-21
every 28 days × 3 cycles

NA

Immune response:
95%; (10/11 PVX-410
monotherapy, 9/9
PVX-410
combination)

PVX-410-alone: 3
progressions to MM
(median TTP 36
weeks)
Combination cohort:
1 progression to MM,
median TTP NR

Abbreviations: AuSCT: autologous stem cell transplantation; C: cycle; CR: complete response; Dara: daratumumab; Dex: dexamethasone; FU: follow-up; i.v.: intravenous; MRD: minimal residual disease; NA, not
available; NGF: next generation flow; NGS: next generation sequencing; NR: not reached; ORR: overall response rate; OS: overall survival; PD: progressive disease; PFS: progression-free survival; p.o.: per os; PR:
partial response; s.c.: subcutaneous; TTP: time-to-progression; VGPR: very good partial response.
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Initial approaches to early treatment in SMM have not been successful, but outcomes
have improved dramatically since the advent of novel treatments. A recent meta-analysis
evaluated eight randomized, controlled trials for a total of 885 patients where early vs.
deferred treatment in SMM was compared [64]. The studies ranged from “old” approaches
as melphalan plus prednisone [65–67] or bisphosphonates +/− thalidomide [68–70], to
treatment with novel agents, specifically siltuximab [62] or lenalidomide and dexametha-
sone [47,48]. It was found that early treatment significantly decreased the progression
of SMM with a risk ratio (RR) of 0.53 (95% CI 0.33–0.87, p = 0.01). The benefit was more
significant in patients receiving melphalan plus prednisone or immunomodulatory drugs.
Furthermore, when stratified by risk according to the Spanish criteria [26], the high-risk
subgroup showed the most benefit in terms of reduction of progression, (RR = 0.51, 95%
CI 0.37–0.70, p = 0.0001), as importantly showed an improvement in overall survival (OS)
as well (RR = 0.53, 95% CI 0.29–0.96, p = 0.04). Regarding adverse events, early treatment
significantly increased the risk of secondary primary malignancies (SPM) (RR = 4.13, 95%
CI 1.07–15.97, p = 0.04). Thalidomide and lenalidomide specifically caused constipation.
Infections were not affected by early treatment.

5. Lenalidomide-Based Treatments for Smoldering Myeloma

The most mature and convincing data on early treatment of SMM with novel agents
derive from randomized phase-3 prospective studies on using lenalidomide with or without
dexamethasone. The studies intended to provide a mild and tolerable treatment aimed at
delaying SMM progression.

The pivotal QuiRedex trial (NCT00480363) enrolled 119 patients with high-risk SMM.
This was defined by the presence of >10% BMPC and M-protein > 3 g/dL. In the presence
of only one feature, patients were required to have >95% aberrant BMPC by immunophe-
notyping and immunoparesis. The treatment consisted in nine 4-week induction cycles
with lenalidomide plus dexamethasone and lenalidomide maintenance for 2 years. The
control group underwent observation [47,48]. The latest update at a median follow-up
of 10.8 years showed an RR of 0.54 for death (95% CI, 0.3 to 0.9; p = 0.034) and 0.27 for
progression (95% CI, 0.16 to 0.42; p < 0.0001) in the early treatment group as compared to
observation [49]. The median time to progression (TTP) was 9.0 vs. 2.1 years and median
OS was not reached yet in the treatment arm vs. 7.8 years in the control arm. This OS
benefit was confirmed whether high-risk SMM was defined by the Mayo or by the Spanish
criteria. More SPM were observed in the treatment group (10% vs. 2% in the control group),
although the cumulative risk showed only a trend towards significance (p = 0.07). While
treatment was likely successful thanks to its anti-myeloma activity, immunophenotypic
studies suggested that lenalidomide also enhanced the immune surveillance against the
tumor switching from a tolerogenic to an effector microenvironment in high-risk SMM
patients [71]. One important caveat in these studies concerns the risk of the early treatment
impacting the efficacy of the subsequent anti-myeloma treatment at the time of progression.
However, no differences were observed in OS between groups when analyzed from the
start of the anti-MM treatment at progression. This suggests that early treatment with
lenalidomide does not induce chemoresistant clones and early therapy in SMM phase does
not negatively impact on the following treatments.

The positive effects of lenalidomide on progression and survival of SMM patients
were confirmed in a subsequent study. In the ECOG E3A06 phase 3 trial (NCT01169337)
lenalidomide single-agent was compared with observation in patients with intermediate or
high-risk SMM [50]. Treatment was offered until SMM progression, toxicity, or withdrawal
for other reasons. The primary endpoint was progression-free survival (PFS), where
progression was defined on either clinical or biochemical bases. Expectedly, lenalidomide
reduced the tumor burden in 50% of patients vs. 0% in the control arm. Importantly,
after a median follow-up of 35 months, PFS was significantly longer in the lenalidomide
arm than in the observational arm, with an RR of 0.28 (95% CI, 0.12 to 0.62; p = 0.002).
The benefit was indeed striking, resulting in a 72% reduction in the risk of progression to
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symptomatic disease. This reduction was seen across all patients, but was most relevant in
the high-risk SMM group, which included, however only 25 patients. In this study, SMM
risk was defined by Mayo Clinic criteria, intermediate risk patients were included and
the significance was retained using either 2008 [24] or 2018 [41] definitions. Data on OS
are not available yet and of the six deaths in the study, two occurred in the lenalidomide
group and four in the control group. Hematological toxicities were as expected in the
treatment arm, where non-hematological grade 3 or 4 adverse events also occurred in 28%
of patients. Notably, in this US trial, discontinuation rate was quite high (50%, 40% of
which due to adverse events). SPMs were seen in 5.2% vs. 3.5% of treated vs. untreated
patients, respectively.

6. Proteasome Inhibitor-Based Treatments for Smoldering Myeloma

The concept that SMM is an early stage plasma cell neoplasm, without some of the
complexity of active MM [72], makes it tempting to think that a more intense treatment
approach may result in cure of some SMM cases rather than just progression delay, a
goal not achievable when treatment is started at the active MM stage [73]. Consequently,
several more intensive treatments are being tested in SMM. Such approaches generally
include triplets with a proteasome inhibitor (PI), an immunomodulatory drug (IMID)
and dexamethasone. In some instances, treatments include monoclonal antibodies or
even autologous stem cell transplantation (AuSCT). Results of such approaches are less
advanced than those of lenalidomide-based combinations. Most are pilot studies with a
limited number of patients and the few phase 2 trials are very recent and results are still
preliminary. However, these are approaches worth describing below.

Eighteen high-risk SMM patients were treated with the potent carfilzomib-lenalidomide-
dexamethasone (KRd) regimen in the US pilot study NCT01572480, resulting in an overall
response rate (ORR) of 100% [51,74]. Importantly, minimal-residual disease (MRD) negativ-
ity, assessed by multiparametric flow cytometry (MFC) (92%) or NGS (75%), was observed
at very high rates. The median potential follow-up was 43.3 months. At the analysis cutoff
date, 63% of patients remained MRD-negative and the estimated 4-year PFS and OS were
71% and 100%, respectively. Reported toxicities were in line with previous experience with
this combination. A subsequent phase 2 study from the same group included 52 patients
with high-risk SMM diagnosed according to Mayo Clinic or PETHEMA risk scores. Treat-
ment consisted of eight cycles of KRd followed by lenalidomide maintenance for 24 cycles
(KRd-R). The median potential follow-up was 27.3 months. All patients responded to treat-
ment and 78% of patients achieved stringent CR. The primary endpoint was MRD-negative
CR rate, which was 70.2%, with a median duration of 5.5 years. Results were therefore very
favorable. Indeed, only 10% of patients developed MM at the 5-year landmark analysis.
No deaths were reported. Grade 3–4 treatment-related AE occurred in 33% of patients and
included cytopenias, thromboembolism, skin rash and lung infections [52].

A multi-center, open-label phase 2 trial promoted by HOVON group is ongoing.
Here, high-risk SMM patients defined according to either the Mayo or Spanish criteria
and patients with ultra-high-risk SMM as defined by IMWG, are randomized with KRd
vs. Rd, followed by lenalidomide maintenance for two years (NCT03673826). Results
are still awaited and will provide a direct comparison of the efficacy of the regimens
described above.

Some studies explored an even more intense approach to SMM with the intent to
cure the disease. The phase 2 GEM-CESAR is a single-arm trial, focusing on high-risk
and ultra-high risk SMM patients [53,54]. Six 4-week cycles of KRd were administered
as induction, followed by high-dose melphalan and AuSCT, consolidation with two KRd
cycles and finally by lenalidomide-dexamethasone maintenance for up to 2 years. Authors
set a primary endpoint consisting of sustained MRD negativity of at least 50% measured
by next-generation flow (NGF). At the latest update [54] ORR was 98% post-induction,
98% post-AuSCT and 100% post-consolidation; 68.6% of patients reached ≥ CR post-
consolidation, with 55% of them achieving flow MRD negativity.
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The all-oral triplet ixazomib-lenalidomide-dexamethasone (IxRd) is being tested in
a phase 2 trial for patients with high-risk SMM [75], where a nine-cycle induction sched-
ule is followed by 15 cycle of maintenance with ixazomib and lenalidomide. Based on
preliminary results in the first 26 patients, ORR was 89% with a CR rate of 19.2% and
no progression to overt MM at the time of the analysis. Toxicities were mild and man-
ageable. An even milder regimen of ixazomib and dexamethasone has been tested in a
pilot study based on 14 patients with high-risk SMM [55] (NCT02697383). At a median
follow-up of 17 months, 10 patients were on treatment, nine of which reached at least
VGPR. No patient had progressed to symptomatic MM. Three patients experienced grade
3 non-hematological adverse events, including two lower respiratory tract infections and
one intestinal complication.

7. Monoclonal Antibody-Based Treatments for Smoldering Myeloma

Similar to more advanced stages of the disease, monoclonal antibodies are also being
tested in SMM [76]. The anti-CD38 monoclonal antibody daratumumab is evaluated in
three treatment schedules (extended intense, extended intermediate, or short dosing) in
the randomized phase 2 CENTAURUS study (NCT02316106) [56]. The study enrolled
123 patients with intermediate/high-risk SMM. Analysis performed at a median follow-up
of 26 months showed CR rates of 4.9%, 9.8% and 0% in the intense, intermediate and short
dosing cohorts, respectively. In the same cohorts, two-year PFS rates were 89.9%, 82%
and 75.3%, respectively. Progressive disease (PD)/death rate per patient-year, defined as
the number of patients who progressed to MM or died divided by the total duration of
progression-free survival (PFS) for all patients, in patient-years, was significantly favorable
in all arms and consistent with a projective median PFS > 24 months. Interestingly, the
authors observed that target-saturating trough concentrations were preserved in the intense
dosing arm, but less so in the intermediate and or short dosing schedules, potentially
contributing to the efficacy differences. No new safety issues occurred.

These data prompted a subsequent randomized phase 3 study based on the long
dosing schedule, called AQUILA (NCT03301220), where daratumumab is compared to
watch and wait [77]. This study is based on a flat-dose, subcutaneous administration of
daratumumab at 1.800 mg. Doses are weekly for cycles 1 and 2, every 2 weeks for cycles
3–6 and every 4 weeks thereafter, for up to 39 cycles. The study will include approximately
360 high-risk SMM patients. High-risk will be defined as the presence of at least one
of the following: serum M-protein ≥ 3 g/dL, IgA isotype, reduction of two uninvolved
immunoglobulin levels, serum FLC ratio ≥ 8 < 100, BMPC > 50% < 60%.

Daratumumab efficacy will also be tested in combination with lenalidomide, following
in vitro demonstration of synergy between the two molecules [78] and excellent data in
relapsed-refractory MM setting [79]. The ongoing DETER-SMM trial (NCT03937635) is
a phase 3, randomized trial comparing lenalidomide plus dexamethasone vs. the triple
combination of daratumumab, lenalidomide and dexamethasone, with OS as a primary
endpoint. The study aims at an enrollment of 280 patients with high-risk SMM diagnosed
up to one year earlier and having the following high-risk features: abnormal serum FLC
ratio (≤0.125 or ≥8.0) with the involved chain measuring < 100 mg/L and/or serum
M-protein > 3 g/dL and/or presence of any the adverse cytogenetic events t (4;14), del
(17p), 1q gain. This study again confirms the varied approach to the definition of high-risk
SMM and the need for a consensus for stratification in future trials.

In an even more intense schedule, the ongoing phase 2 ASCENT trial (NCT03289299)
proposes the quadruple combination of daratumumab, carfilzomib, lenalidomide and
dexamethasone (DKRd) without AuSCT in subjects with high-risk SMM. Patients will
receive a total of 12 DKRd cycles, followed by maintenance with lenalidomide and daratu-
mumab for 12 cycles. Despite the study being still ongoing, preliminary safety data have
been recently reported for 46 patients. Grade 3–4 adverse events consisted in cytopenias,
thromboembolic events, infections, hypertension, diarrhea and allergic reactions. Each
occurred in less than 10% of patients, but 52% experienced at least one grade > 2 adverse
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events. Up to 17% of patient required a dose modification, mostly for carfilzomib, but the
relative median dose intensity for the drugs were 85%, 92%, 80% and 98% for carfilzomib,
daratumumab, lenalidomide and dexamethasone, respectively, across the delivered cycles,
demonstrating the feasibility of such an approach [57].

A complementary question concerns the utility of pharmacological intervention in
lower risk SMM cases. Daratumumab is being evaluated in such setting in a single-arm,
phase 2 study (NCT03236428). The pre-specified primary endpoint is a VGPR or better
after 20 cycles. The schedule consists in single agent i.v. infusions every week for cycles 1–2,
every two weeks for cycles 3–6 and every four weeks for cycles 7–20 [80]. Of 28 patients
enrolled, 15 completed at least 6 cycles. No patient progressed to MM, ORR was 53% and
at least VGPR was achieved in 20% of patients. Treatment was well tolerated, with no
deaths or therapy discontinuation.

Isatuximab is an anti-CD38 monoclonal antibody that targets a different epitope than
daratumumab. It is currently trialed in a phase 2 study (NCT02960555) in high-risk SMM,
defined according to the PETHEMA criteria. Treatment is administered as four weekly
infusions (20 mg/kg iv) at cycle 1, every two weeks at cycles 2–6 and every four weeks
at cycles 7–30. The primary endpoint is ORR [58]. Twenty-four patients were evaluated
with a median number of cycles administered of 11.5 (range 6–30). Treatment was stopped
in 5 patients, of which two because of progression to active MM after 6 and 16 months.
No deaths have been reported but five grade 3 treatment-related adverse events occurred.
These consisted of dyspnea as part of infusion-related reactions, headache, neutropenia,
urinary tract infections and all resolved to baseline. ORR was 64% with 10 PR, 4 VGPR,
1 CR with MRD negativity by MFC at 10−5. Importantly, health-related quality of life
(HRQoL) scores were reported in this study. Isatuximab may reduce anxiety and worries
of progression to MM and the score improved after 6 cycles.

Isatuximab will also be evaluated in combination with lenalidomide and dexametha-
sone in a phase 3, randomized multicenter study, where the control arm will consist of
lenalidomide and dexamethasone (NCT04270409). The study population will include
300 patients within 5 years of high-risk SMM diagnosis per IMWG criteria. The study will
be preceded by a safety run-in phase to confirm the recommended dose of isatuximab
within the proposed combination. Primary endpoints will be safety and efficacy, the latter
measured as PFS. Secondary endpoints will be represented by pharmacokinetic and im-
munological studies, ORR, duration and quality of responses (including MRD), type of
progression, time to second progression, OS, economic and HRQoL evaluations.

Elotuzumab is an anti-SLAMF7/CS1 monoclonal antibody. The drug is thought to
work mostly through antibody-dependent cellular cytotoxicity (ADCC) mediated by CD56
NK cells and monocytes/macrophages [81]. The NCT01441973 phase 2 trial enrolled
patients with SMM to receive two different schedules of elotuzumab [59]. ORR was 10%,
2-year PFS 69% and grade 1–2 infections of the upper respiratory tract and IRRs were 58%
and 13%, respectively. Despite its proposed mechanism of action, no relationship emerged
between baseline CD56dim NK cells and response. Overall, results of the trial confirmed
the lack of significant activity of elotuzumab single-agent already seen in symptomatic
MM.

Elotuzumab has also been evaluated in combination with lenalidomide and dexam-
ethasone (EloRd) in patients with high-risk SMM in another phase 2 trial (NCT02279394) [60].
EloRD induced PR or better in 41 out of 50 patients, including three CR and 18 VGPR. No
progression to overt symptomatic MM was observed and the toxicity profile was manageable.

Pembrolizumab is an anti PD-1 monoclonal antibody, a check-point inhibitor with
in vitro immunologic activities in asymptomatic multiple myeloma [82]. The drug was
investigated in 13 patients with intermediate/high-risk SMM (NCT02603887) [61]. After
a median of eight cycles, most patients (85%) had a stable disease. Interestingly, while
one patient progressed, another carrying adverse high-risk features (17p deletion and a
high-risk gene-expression signature) reached a sustained MRD negativity. Three patients
discontinued the treatment due to immune-related adverse events.
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Interleukin 6 (IL-6) is a cytokine that favors neoplastic plasma cell growth. The
IL-6 blocking antibody siltuximab was tested in a randomized, double-blind, placebo-
controlled study that enrolled 85 patients with high-risk SMM (NCT01484275) [62]. The
study’s primary end-point was 1 year PFS, which resulted in 84.5% in the experimental arm
compared to 74.4% in the placebo arm at a median follow-up of 29.2 months. Median PFS
with siltuximab was not reached, while it was 23.5 months in the placebo arm (p = 0.057).
Adverse events in the experimental arm were mainly of grade 2/3. Infections and urinary
complications were common and some severe. Three deaths occurred with siltuximab and
four with placebo.

8. Other Therapeutic Approaches for Smoldering Myeloma

For decades a strategy aimed at stimulating the patient’s own immunological response
against the clonal BMPCs has been envisioned. After the failure of patient-specific anti-
idiotype vaccines, a more modern approach is the use of PVX-410, a vaccine carrying
a combination of peptides from selected over-expressed antigen targets on clonal PCs,
i.e., XBP1, CD138 and CS1/SLAMF7. This vaccine is employed in a multicenter, dose-
escalation phase 1/2a study (NCT01718899). A total of 22 intermediate/high-risk SMM
patients received PVX-410, with or without lenalidomide [63]. The vaccine resulted in mild-
to-moderate injection site reactions and constitutional symptoms in a subset of patients
and proved to be immunogenic as demonstrated by an increase in frequencies of IFN-γ
positive effector T lymphocytes specific for the PVX-410 tetramer. Comparing the two
arms of the study, the addition of lenalidomide correlated with even higher frequencies
of such lymphocytes and of vaccine-specific effector memory cells, which were also more
persistent. In terms of efficacy, three of 12 patients progressed in the PVX-410-alone cohort,
with a median TTP of 36 weeks. Conversely, in the combination cohort 5 of 12 patients
showed a clinical response, one patient progressed and the median TTP was not reached.
This promising vaccine is also under investigation combined with the selective histone-
deacetylase inhibitor citarinostat +/− lenalidomide in a phase 1 clinical trial (NCT02886065)
in the SMM setting. Again, in the vaccine field, a study is investigating a PD-L1 peptide
vaccine as a way to elicit an immune response against this pathway in SMM (NCT03850522).

Not all studies showed promising efficacy in SMM. A phase 2 trial with Ibrutinib
(NCT02943473), a Bruton tyrosine kinase inhibitor which acts in the downstream prolifera-
tion and activation pathways of B-lymphocytes, was recently closed due to poor accrual
and unfavorable risk/benefit ratio in patients with high-risk SMM, suggesting that this
pathway is not relevant for clonal plasma cell survival.

9. Conclusions

Of all the trials described, only one has so far reported a significant OS benefit for early
treatment in high-risk SMM [48]. While it is likely that, in due course, others will follow,
the effect has already been achieved to refuel enthusiasm in the field of early treatment
in these patients. Though exciting, results should also be interpreted with caution due to
the small sample sizes and improved diagnostic techniques and criteria in recent years.
Heath-related quality of life of SMM patients receiving potentially undue therapy is another
important issue that should be taken into account [12,83].

However, looking at the studies that are currently ongoing, all seem to consider im-
provement in survival as a foregone finding in the context of high-risk SMM treatment, since
the control arm is much more frequently represented by a lenalidomide-dexamethasone
than placebo. This concept seems to be supported by genetic studies, showing how high-
risk SMM is indistinguishable from active MM [17,45]. The logical consequence of this
observation though should be that these high-risk cases deserve an intense treatment as
much as active MM cases do. Low-intensity approaches aimed at delaying progression
were probably justified 10 years ago, when first envisioned, but seem to be less so now.

Overall, we think that patients with lower risk SMM should not receive any treatment;
in these subjects only active observation should be therefore pursued. Regarding, instead,
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high-risk SMM, a great debate is still present in the hematological community. We argue
that patients presenting (or progressively developing) the presence of multiple clinical
and biological risk factors (i.e., significant increase of serum MC, FLC ratio and BMPC
infiltration, decrease in hemoglobin levels, high-risk cytogenetics) might benefit from an
early treatment. If so, it seems to day appropriate to hypothesize that these patients should
be not differently treated from those with active MM; these therapies, however, should
be still performed within the context of clinical trials, whose final results about OS and
HRQoL are eagerly awaited. Though validated data are still not available, one could
also hypothesize that, in these patients still without end-organ damage, treatments might
be better tolerated than in those with advanced MM. In these cases, however, patients
should be always adequately informed about risk/benefit ratio of such an approach, and
also in terms of HRQoL, considering that no treatment, even those less aggressive with
lenalidomide +/− dexamethasone, though supported by prospective, randomized trials,
has been so far approved for patients with SMM.

Another relevant observation is that risk stratification in SMM needs to be urgently
standardized. Current, randomized studies have discordant criteria for risk stratifica-
tion, hampering the future possibility of applying their conclusions to current risk defini-
tions [42] right from the start. Furthermore, now that NGS has proved to be applicable
to clinical-grade MM diagnostics [43,84,85], the question is also whether the increased
amount of information that comes with it will be useful for SMM risk stratification, perhaps
even through non-invasive techniques [86,87]. In the meantime, the current diagnostic
criteria and treatment landscape mandates that the diagnostic approach to asymptomatic
gammopathies is carried out with great care to identify patients with active MM or high-
risk SMM, even if treatment is not offered at the asymptomatic stage. In this setting, aside
from standard blood and urine laboratory tests, FISH or validated equivalent molecular
techniques on purified BMPCs should be considered to implement risk stratification. Par-
ticularly, the recently developed, IMWG endorsed prognostic score includes variables that
reflect both disease burden and biological features of SMM and can be measured by most
centers [42]. At present time, it seems therefore an acceptable, feasible compromise for
risk-adapted monitoring of SMM patients in the daily practice and their selection in future
clinical trials.

Diagnostic imaging is equally important and should consist of a low-dose whole-
body CT scan (LDWBCT) and whole-body MRI if LDWBCT is negative. Axial MRI or
whole-body PET-CT are reasonable alternatives [34]. Overall, longitudinal, risk-adapted,
monitoring is crucial in SMM, since changes in laboratory or imaging studies are the
most sensitive markers of progressive disease requiring careful evaluation for starting a
therapeutic approach.

In conclusion, the promised advantage of early treatment in SMM and the technologi-
cal progress mandate that eventually a consensus is reached on what clinical, laboratory,
genomic and imaging features are actually needed to identify truly aggressive cases at
the asymptomatic stage. Furthermore, in a possible future biology-driven classification, a
question also arises as to whether aggressive cases should be treated like active MM, rather
than less intensively.

Author Contributions: N.B. and P.M. analyzed data, conceived and wrote the paper. P.C., N.S.,
R.R., V.S., M.D., V.P.G., A.N., L.B. and F.A. reviewed pertinent literature, provided criticisms and
suggestions and along with N.B. and P.M. All authors have read and agreed to the published version
of the manuscript.

Funding: N.B. was funded by the European Research Council under the European Union’s Horizon
2020 research and innovation program (grant agreement no. 817997).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All data presented derive from published papers.



J. Clin. Med. 2021, 10, 421 13 of 17

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Kyle, R.A.; Greipp, P.R. Smoldering Multiple Myeloma. N. Engl. J. Med. 1980, 302, 1347–1349. [CrossRef] [PubMed]
2. Kyle, R.A.; Child, J.A.; Anderson, K.; Barlogie, B.; Bataille, R.; Bensinger, W.; Bladé, J.; Boccadoro, M.; Dalton, W.; Dimopoulos,

M.; et al. Criteria for the classification of monoclonal gammopathies, multiple myeloma and related disorders: A report of the
International Myeloma Working Group. Br. J. Haematol. 2003, 121, 749–757. [CrossRef]

3. Rajkumar, S.V.; Dimopoulos, M.A.; Palumbo, A.; Bladé, J.; Merlini, G.; Mateos, M.-V.; Kumar, S.; Hillengass, J.; Kastritis, E.;
Richardson, P.; et al. International Myeloma Working Group updated criteria for the diagnosis of multiple myeloma. Lancet Oncol.
2014, 15, e538–e548. [CrossRef]

4. Caers, J.; Fernández de Larrea, C.; Leleu, X.; Heusschen, R.; Zojer, N.; Decaux, O.; Kastritis, E.; Minnema, M.; Jurczyszyn, A.;
Beguin, Y.; et al. The Changing Landscape of Smoldering Multiple Myeloma: A European Perspective. The Oncologist 2016, 21,
333–342. [CrossRef] [PubMed]

5. Kunacheewa, C.; Manasanch, E.E. High-risk smoldering myeloma versus early detection of multiple myeloma: Current models,
goals of therapy, and clinical implications. Best Pract. Res. Clin. Haematol. 2020, 33, 101152. [CrossRef] [PubMed]

6. Ravindran, A.; Bartley, A.C.; Holton, S.J.; Gonsalves, W.I.; Kapoor, P.; Siddiqui, M.A.; Hashmi, S.K.; Marshall, A.L.; Ashrani, A.A.;
Dispenzieri, A.; et al. Prevalence, incidence and survival of smoldering multiple myeloma in the United States. Blood Cancer J.
2016, 6, e486. [CrossRef] [PubMed]

7. Kyle, R.A.; Remstein, E.D.; Therneau, T.M.; Dispenzieri, A.; Kurtin, P.J.; Hodnefield, J.M.; Larson, D.R.; Plevak, M.F.; Jelinek, D.F.;
Fonseca, R.; et al. Clinical course and prognosis of smoldering (asymptomatic) multiple myeloma. N. Engl. J. Med. 2007, 356,
2582–2590. [CrossRef] [PubMed]

8. Rajkumar, S.V.; Landgren, O.; Mateos, M.-V. Smoldering multiple myeloma. Blood 2015, 125, 3069–3075. [CrossRef]
9. Lonial, S.; Dhodapkar, M.V.; Rajkumar, S.V. Smoldering Myeloma and the Art of War. J. Clin. Oncol. 2020, 38, 2363–2365.

[CrossRef]
10. Maura, F.; Bolli, N.; Rustad, E.H.; Hultcrantz, M.; Munshi, N.; Landgren, O. Moving From Cancer Burden to Cancer Genomics for

Smoldering Myeloma: A Review. JAMA Oncol. 2019, 6, 425–432. [CrossRef]
11. Ahn, I.E.; Mailankody, S.; Korde, N.; Landgren, O. Dilemmas in Treating Smoldering Multiple Myeloma. J. Clin. Oncol. 2015, 33,

115–123. [CrossRef]
12. Fonseca, R.; Gonzalez-Velez, M. Treatment of Smoldering Multiple Myeloma: Expectant Observation Should Still Be the Standard.

Am. Soc. Clin. Oncol. Educ. Book 2020, 364–370. [CrossRef] [PubMed]
13. Joseph, N.S.; Dhodapkar, M.V.; Lonial, S. The Role of Early Intervention in High-Risk Smoldering Myeloma. Am. Soc. Clin. Oncol.

Educ. Book 2020, 355–363. [CrossRef]
14. Biran, N.; Vesole, D.H.; Donato, M.L.; Ip, A.; Kaur, G.; Goldberg, S.; Siegel, D.S. Treatment of Smoldering Myeloma: Problems

With Study Design as well as Biological and Clinical Implications. J. Clin. Oncol. 2020, 38, 1367–1368. [CrossRef] [PubMed]
15. Kim, E.B.; Yee, A.J.; Raje, N. Treatment of Smoldering Multiple Myeloma: Ready for Prime Time? Cancers 2020, 12, 1223.

[CrossRef] [PubMed]
16. Morgan, G.J.; Walker, B.A.; Davies, F.E. The genetic architecture of multiple myeloma. Nat. Rev. Cancer 2012, 12, 335–348.

[CrossRef] [PubMed]
17. Bolli, N.; Maura, F.; Minvielle, S.; Gloznik, D.; Szalat, R.; Fullam, A.; Martincorena, I.; Dawson, K.J.; Samur, M.K.; Zamora, J.; et al.

Genomic patterns of progression in smoldering multiple myeloma. Nat. Commun. 2018, 9, 3363. [CrossRef]
18. Avet-Loiseau, H.; Li, J.Y.; Morineau, N.; Facon, T.; Brigaudeau, C.; Harousseau, J.L.; Grosbois, B.; Bataille, R. Monosomy 13 is

associated with the transition of monoclonal gammopathy of undetermined significance to multiple myeloma. Intergroupe
Francophone du Myélome. Blood 1999, 94, 2583–2589. [CrossRef]

19. Misund, K.; Keane, N.; Stein, C.K.; Asmann, Y.W.; Day, G.; Welsh, S.; Van Wier, S.A.; Riggs, D.L.; Ahmann, G.; Chesi, M.; et al.
MYC dysregulation in the progression of multiple myeloma. Leukemia 2019, 113, 5412–5415. [CrossRef]

20. Maura, F.; Bolli, N.; Angelopoulos, N.; Dawson, K.J.; Leongamornlert, D.; Martincorena, I.; Mitchell, T.J.; Fullam, A.; González, S.;
Szalat, R.; et al. Genomic landscape and chronological reconstruction of driver events in multiple myeloma. Nat. Commun. 2019,
10, 3835. [CrossRef]

21. Maura, F.; Petljak, M.; Lionetti, M.; Cifola, I.; Liang, W.; Pinatel, E.; Alexandrov, L.B.; Fullam, A.; Martincorena, I.; Dawson, K.J.;
et al. Biological and prognostic impact of APOBEC-induced mutations in the spectrum of plasma cell dyscrasias and multiple
myeloma cell lines. Leukemia 2018, 32, 1044–1048. [CrossRef] [PubMed]

22. Maura, F.; Degasperi, A.; Nadeu, F.; Leongamornlert, D.; Davies, H.; Moore, L.; Royo, R.; Ziccheddu, B.; Puente, X.S.; Avet-Loiseau,
H.; et al. A practical guide for mutational signature analysis in hematological malignancies. Nat. Commun. 2019, 10, 2969.
[CrossRef] [PubMed]

23. Kyle, R.A.; Durie, B.G.M.; Rajkumar, S.V.; Landgren, O.; Bladé, J.; Merlini, G.; Kröger, N.; Einsele, H.; Vesole, D.H.; Dimopoulos,
M.; et al. Monoclonal gammopathy of undetermined significance (MGUS) and smoldering (asymptomatic) multiple myeloma:

http://doi.org/10.1056/NEJM198006123022405
http://www.ncbi.nlm.nih.gov/pubmed/7374679
http://doi.org/10.1046/j.1365-2141.2003.04355.x
http://doi.org/10.1016/S1470-2045(14)70442-5
http://doi.org/10.1634/theoncologist.2015-0303
http://www.ncbi.nlm.nih.gov/pubmed/26921288
http://doi.org/10.1016/j.beha.2020.101152
http://www.ncbi.nlm.nih.gov/pubmed/32139017
http://doi.org/10.1038/bcj.2016.100
http://www.ncbi.nlm.nih.gov/pubmed/27768092
http://doi.org/10.1056/NEJMoa070389
http://www.ncbi.nlm.nih.gov/pubmed/17582068
http://doi.org/10.1182/blood-2014-09-568899
http://doi.org/10.1200/JCO.20.00875
http://doi.org/10.1001/jamaoncol.2019.4659
http://doi.org/10.1200/JCO.2014.56.4351
http://doi.org/10.1200/EDBK_280179
http://www.ncbi.nlm.nih.gov/pubmed/32207672
http://doi.org/10.1200/EDBK_278915
http://doi.org/10.1200/JCO.19.02972
http://www.ncbi.nlm.nih.gov/pubmed/32160077
http://doi.org/10.3390/cancers12051223
http://www.ncbi.nlm.nih.gov/pubmed/32414145
http://doi.org/10.1038/nrc3257
http://www.ncbi.nlm.nih.gov/pubmed/22495321
http://doi.org/10.1038/s41467-018-05058-y
http://doi.org/10.1182/blood.V94.8.2583.420a05_2583_2589
http://doi.org/10.1038/s41375-019-0543-4
http://doi.org/10.1038/s41467-019-11680-1
http://doi.org/10.1038/leu.2017.345
http://www.ncbi.nlm.nih.gov/pubmed/29209044
http://doi.org/10.1038/s41467-019-11037-8
http://www.ncbi.nlm.nih.gov/pubmed/31278357


J. Clin. Med. 2021, 10, 421 14 of 17

IMWG consensus perspectives risk factors for progression and guidelines for monitoring and management. Leukemia 2010, 24,
1121–1127. [CrossRef] [PubMed]

24. Dispenzieri, A.; Kyle, R.A.; Katzmann, J.A.; Therneau, T.M.; Larson, D.; Benson, J.; Clark, R.J.; Melton, L.J.; Gertz, M.A.; Kumar,
S.K.; et al. Immunoglobulin free light chain ratio is an independent risk factor for progression of smoldering (asymptomatic)
multiple myeloma. Blood 2008, 111, 785–789. [CrossRef] [PubMed]

25. Sørrig, R.; Klausen, T.W.; Salomo, M.; Vangsted, A.J.; Østergaard, B.; Gregersen, H.; Frølund, U.C.; Andersen, N.F.; Helleberg, C.;
Andersen, K.T.; et al. Smoldering multiple myeloma risk factors for progression: A Danish population-based cohort study. Eur. J.
Haematol. 2016, 97, 303–309. [CrossRef]

26. Pérez-Persona, E.; Vidriales, M.-B.; Mateo, G.; García-Sanz, R.; Mateos, M.-V.; de Coca, A.G.; Galende, J.; Martín-Nuñez, G.;
Alonso, J.M.; de Las Heras, N.; et al. New criteria to identify risk of progression in monoclonal gammopathy of uncertain
significance and smoldering multiple myeloma based on multiparameter flow cytometry analysis of bone marrow plasma cells.
Blood 2007, 110, 2586–2592. [CrossRef] [PubMed]

27. Gonsalves, W.I.; Rajkumar, S.V.; Dispenzieri, A.; Dingli, D.; Timm, M.M.; Morice, W.G.; Lacy, M.Q.; Buadi, F.K.; Go, R.S.; Leung,
N.; et al. Quantification of circulating clonal plasma cells via multiparametric flow cytometry identifies patients with smoldering
multiple myeloma at high risk of progression. Leukemia 2017, 31, 130–135. [CrossRef] [PubMed]

28. Aljama, M.A.; Sidiqi, M.H.; Lakshman, A.; Dispenzieri, A.; Jevremovic, D.; Gertz, M.A.; Lacy, M.Q.; Buadi, F.K.; Dingli, D.;
Muchtar, E.; et al. Plasma cell proliferative index is an independent predictor of progression in smoldering multiple myeloma.
Blood Adv. 2018, 2, 3149–3154. [CrossRef] [PubMed]

29. Fernández de Larrea, C.; Isola, I.; Pereira, A.; Cibeira, M.T.; Magnano, L.; Tovar, N.; Rodríguez-Lobato, L.-G.; Calvo, X.; Aróstegui,
J.I.; Díaz, T.; et al. Evolving M-protein pattern in patients with smoldering multiple myeloma: Impact on early progression.
Leukemia 2018, 32, 1427–1434. [CrossRef] [PubMed]

30. González-Calle, V.; Dávila, J.; Escalante, F.; de Coca, A.G.; Aguilera, C.; López, R.; Bárez, A.; Alonso, J.M.; Hernández, R.;
Hernández, J.M.; et al. Bence Jones proteinuria in smoldering multiple myeloma as a predictor marker of progression to
symptomatic multiple myeloma. Leukemia 2016, 30, 2026–2031. [CrossRef] [PubMed]

31. Ravi, P.; Kumar, S.; Larsen, J.T.; Gonsalves, W.; Buadi, F.; Lacy, M.Q.; Go, R.; Dispenzieri, A.; Kapoor, P.; Lust, J.A.; et al. Evolving
changes in disease biomarkers and risk of early progression in smoldering multiple myeloma. Blood Cancer J. 2016, 6, e454.
[CrossRef] [PubMed]

32. Bustoros, M.; Kastritis, E.; Sklavenitis-Pistofidis, R.; Liu, C.; Hornburg, K.; Kanellias, N.; Kim, G.; Liu, D.; Gavriatopoulou, M.;
Marinac, C.R.; et al. Bone marrow biopsy in low-risk monoclonal gammopathy of undetermined significance reveals a novel
smoldering multiple myeloma risk group. Am. J. Hematol. 2019, 94, E146–E149. [CrossRef] [PubMed]

33. Merz, M.; Hielscher, T.; Wagner, B.; Sauer, S.; Shah, S.; Raab, M.S.; Jauch, A.; Neben, K.; Hose, D.; Egerer, G.; et al. Predictive
value of longitudinal whole-body magnetic resonance imaging in patients with smoldering multiple myeloma. Leukemia 2014, 28,
1902–1908. [CrossRef] [PubMed]

34. Zamagni, E.; Nanni, C.; Gay, F.; Pezzi, A.; Patriarca, F.; Bellò, M.; Rambaldi, I.; Tacchetti, P.; Hillengass, J.; Gamberi, B.; et al.
18F-FDG PET/CT focal, but not osteolytic, lesions predict the progression of smoldering myeloma to active disease. Leukemia
2016, 30, 417–422. [CrossRef] [PubMed]

35. Neben, K.; Jauch, A.; Hielscher, T.; Hillengass, J.; Lehners, N.; Seckinger, A.; Granzow, M.; Raab, M.S.; Ho, A.D.; Goldschmidt, H.;
et al. Progression in Smoldering Myeloma Is Independently Determined by the Chromosomal Abnormalities del(17p), t(4;14),
Gain 1q, Hyperdiploidy, and Tumor Load. J. Clin. Oncol. 2013, 31, 4325–4332. [CrossRef]

36. Rajkumar, S.V.; Gupta, V.; Fonseca, R.; Dispenzieri, A.; Gonsalves, W.I.; Larson, D.; Ketterling, R.P.; Lust, J.A.; Kyle, R.A.; Kumar,
S.K. Impact of primary molecular cytogenetic abnormalities and risk of progression in smoldering multiple myeloma. Leukemia
2013, 27, 1738–1744. [CrossRef]

37. Khan, R.; Dhodapkar, M.; Rosenthal, A.; Heuck, C.; Papanikolaou, X.; Qu, P.; van Rhee, F.; Zangari, M.; Jethava, Y.; Epstein, J.; et al.
Four genes predict high risk of progression from smoldering to symptomatic multiple myeloma (SWOG S0120). Haematologica
2015, 100, 1214–1221. [CrossRef]

38. Merz, M.; Hielscher, T.; Schult, D.; Mai, E.K.; Raab, M.S.; Hillengass, J.; Seckinger, A.; Hose, D.; Granzow, M.; Jauch, A.; et al.
Cytogenetic subclone formation and evolution in progressive smoldering multiple myeloma. Leukemia 2019, 113, 5412. [CrossRef]

39. Dhodapkar, M.V.; Sexton, R.; Waheed, S.; Usmani, S.; Papanikolaou, X.; Nair, B.; Petty, N.; Shaughnessy, J.D.; Hoering, A.; Crowley,
J.; et al. Clinical, genomic, and imaging predictors of myeloma progression from asymptomatic monoclonal gammopathies (swog
s0120). Blood 2014, 123, 78–85. [CrossRef]

40. Hill, E.; Dew, A.; Morrison, C.; Yuan, C.; Stetler-Stevenson, M.; Landgren, O.; Kazandjian, D. Assessment of Discordance Among
Smoldering Multiple Myeloma Risk Models. JAMA Oncol. 2020, 7, 132–134. [CrossRef]

41. Lakshman, A.; Rajkumar, S.V.; Buadi, F.K.; Binder, M.; Gertz, M.A.; Lacy, M.Q.; Dispenzieri, A.; Dingli, D.; Fonder, A.L.; Hayman,
S.R.; et al. Risk stratification of smoldering multiple myeloma incorporating revised IMWG diagnostic criteria. Blood Cancer J.
2018, 8, 59. [CrossRef] [PubMed]

42. Mateos, M.-V.; Kumar, S.; Dimopoulos, M.A.; González-Calle, V.; Kastritis, E.; Hajek, R.; De Larrea, C.F.; Morgan, G.J.; Merlini, G.;
Goldschmidt, H.; et al. International Myeloma Working Group risk stratification model for smoldering multiple myeloma (SMM).
Blood Cancer J. 2020, 10, 102. [CrossRef] [PubMed]

http://doi.org/10.1038/leu.2010.60
http://www.ncbi.nlm.nih.gov/pubmed/20410922
http://doi.org/10.1182/blood-2007-08-108357
http://www.ncbi.nlm.nih.gov/pubmed/17942755
http://doi.org/10.1111/ejh.12728
http://doi.org/10.1182/blood-2007-05-088443
http://www.ncbi.nlm.nih.gov/pubmed/17576818
http://doi.org/10.1038/leu.2016.205
http://www.ncbi.nlm.nih.gov/pubmed/27457702
http://doi.org/10.1182/bloodadvances.2018024794
http://www.ncbi.nlm.nih.gov/pubmed/30463914
http://doi.org/10.1038/s41375-018-0013-4
http://www.ncbi.nlm.nih.gov/pubmed/29463830
http://doi.org/10.1038/leu.2016.123
http://www.ncbi.nlm.nih.gov/pubmed/27133826
http://doi.org/10.1038/bcj.2016.65
http://www.ncbi.nlm.nih.gov/pubmed/27471870
http://doi.org/10.1002/ajh.25441
http://www.ncbi.nlm.nih.gov/pubmed/30773670
http://doi.org/10.1038/leu.2014.75
http://www.ncbi.nlm.nih.gov/pubmed/24535407
http://doi.org/10.1038/leu.2015.291
http://www.ncbi.nlm.nih.gov/pubmed/26490489
http://doi.org/10.1200/JCO.2012.48.4923
http://doi.org/10.1038/leu.2013.86
http://doi.org/10.3324/haematol.2015.124651
http://doi.org/10.1038/s41375-019-0634-2
http://doi.org/10.1182/blood-2013-07-515239
http://doi.org/10.1001/jamaoncol.2020.5585
http://doi.org/10.1038/s41408-018-0077-4
http://www.ncbi.nlm.nih.gov/pubmed/29895887
http://doi.org/10.1038/s41408-020-00366-3
http://www.ncbi.nlm.nih.gov/pubmed/33067414


J. Clin. Med. 2021, 10, 421 15 of 17

43. Bolli, N.; Genuardi, E.; Ziccheddu, B.; Martello, M.; Oliva, S.; Terragna, C. Next-Generation Sequencing for Clinical Management
of Multiple Myeloma: Ready for Prime Time? Front. Oncol. 2020, 10, 1046. [CrossRef] [PubMed]

44. Walker, B.A.; Wardell, C.P.; Melchor, L.; Brioli, A.; Johnson, D.C.; Kaiser, M.F.; Mirabella, F.; Lopez-Corral, L.; Humphray, S.;
Murray, L.; et al. Intraclonal heterogeneity is a critical early event in the development of myeloma and precedes the development
of clinical symptoms. Leukemia 2014, 28, 384–390. [CrossRef]

45. Bustoros, M.; Sklavenitis-Pistofidis, R.; Park, J.; Redd, R.; Zhitomirsky, B.; Dunford, A.J.; Salem, K.; Tai, Y.-T.; Anand, S.;
Mouhieddine, T.H.; et al. Genomic Profiling of Smoldering Multiple Myeloma Identifies Patients at a High Risk of Disease
Progression. J. Clin. Oncol. 2020, 38, 2380–2389. [CrossRef]

46. Oben, B.; Froyen, G.; Maclachlan, K.H.; Leongamornlert, D.; Abascal, F.; Zheng-Lin, B.; Yellapantula, V.; Derkach, A.; Geerdens,
E.; Diamond, B.T.; et al. Whole genome sequencing provides evidence of two biologically and clinically distinct entities of
asymptomatic monoclonal gammopathies: Progressive versus stable myeloma precursor condition. bioRxiv 2020. [CrossRef]

47. Mateos, M.-V.; Hernández, M.-T.; Giraldo, P.; De La Rubia, J.; De Arriba, F.; López Corral, L.; Rosiñol, L.; Paiva, B.; Palomera,
L.; Bargay, J.; et al. Lenalidomide plus dexamethasone for high-risk smoldering multiple myeloma. N. Engl. J. Med. 2013, 369,
438–447. [CrossRef]

48. Mateos, M.-V.; Hernández, M.-T.; Giraldo, P.; de la Rubia, J.; de Arriba, F.; Corral, L.L.; Rosiñol, L.; Paiva, B.; Palomera, L.;
Bargay, J.; et al. Lenalidomide plus dexamethasone versus observation in patients with high-risk smouldering multiple myeloma
(QuiRedex): Long-term follow-up of a randomised, controlled, phase 3 trial. Lancet Oncol. 2016, 17, 1127–1136. [CrossRef]

49. Mateos, M.-V.; Hernandez, M.T.; Salvador, C. Over ten years of follow-up for phase II trial in smoldering myeloma at high risk of
progression to myeloma: Sustained TTP and OSl benefit with RD versus no treatment. EHA Libr. 2020, 4 (Suppl. 1), EP950.

50. Lonial, S.; Jacobus, S.; Fonseca, R.; Weiss, M.; Kumar, S.; Orlowski, R.Z.; Kaufman, J.L.; Yacoub, A.M.; Buadi, F.K.; O’Brien, T.;
et al. Randomized Trial of Lenalidomide Versus Observation in Smoldering Multiple Myeloma. J. Clin. Oncol. Off. J. Am. Soc.
Clin. Oncol. 2019, 38, 1126–1137. [CrossRef]

51. Korde, N.; Roschewski, M.; Zingone, A.; Kwok, M.; Manasanch, E.E.; Bhutani, M.; Tageja, N.; Kazandjian, D.; Mailankody, S.; Wu,
P.; et al. Treatment with carfilzomib-lenalidomide-dexamethasone with lenalidomide extension in patients with smoldering or
newly diagnosed multiple myeloma. JAMA Oncol. 2015, 1, 746–754. [CrossRef] [PubMed]

52. Kazandjian, D.; Hill, E.; Morrison, C.; Dew, A.; Korde, N.; Mailankody, S.; Manasanch, E.E.; Kwok, M.; Bhutani, M.; Tageja, N.;
et al. Treatment of High Risk (HR) Smoldering Multiple Myeloma (SMM) with Carfilzomib, Lenalidomide, and Dexamethasone
(KRd) Followed By Lenalidomide Maintenance (-R): A Phase 2 Clinical and Correlative Study. Blood 2020, 136, 43–45. [CrossRef]

53. Mateos, M.-V.; Martinez-Lopez, J.; Rodriguez Otero, P.; Gonzalez-Calle, V.; Gonzalez, M.S.; Oriol, A.; Gutierrez, N.C.; Paiva,
B.; Ríos Tamayo, R.; Rosinol Dachs, L.; et al. Curative Strategy (GEM-CESAR) for High-Risk Smoldering Myeloma (SMM):
Carfilzomib, Lenalidomide and Dexamethasone (KRd) As Induction Followed By HDT-ASCT, Consolidation with Krd and
Maintenance with Rd. Blood 2019, 134, 781. [CrossRef]

54. Puig, N.; Contreras, T.; Paiva, B.; Cedena, M.T.; Martinez-Lopez, J.; Oriol, A.; Gutiérrez, N.C.; Ríos-Tamayo, R.; Rosiñol, L.;
Calasanz, M.J.; et al. Analysis of treatment efficacy in the GEM-CESAR trial for high-risk smoldering multiple myeloma patients:
Comparison between the standard and IMWG MRD criteria and QIP-MS including FLC (QIP-FLC-MS). J. Clin. Oncol. 2020, 38,
8512. [CrossRef]

55. Mailankody, S.; Salcedo, M.; Tavitian, E.; Korde, N.; Lendvai, N.; Hassoun, H.; Lesokhin, A.M.; Lahoud, O.B.; Smith, E.L.;
Hultcrantz, M.; et al. Ixazomib and dexamethasone in high risk smoldering multiple myeloma: A clinical and correlative pilot
study. J. Clin. Oncol. 2019, 37, 8051. [CrossRef]

56. Landgren, C.O.; Chari, A.; Cohen, Y.C.; Spencer, A.; Voorhees, P.; Estell, J.A.; Sandhu, I.; Jenner, M.W.; Williams, C.; Cavo, M.;
et al. Daratumumab monotherapy for patients with intermediate-risk or high-risk smoldering multiple myeloma: A randomized,
open-label, multicenter, phase 2 study (CENTAURUS). Leukemia 2020, 34, 1840–1852. [CrossRef]

57. Kumar, S.K.; Abdallah, A.-O.; Badros, A.Z.; Laplant, B.; Dhakal, B.; Alsina, M.; Abonour, R.; Rosenbaum, C.A.; Bensinger,
W.I.; Bhutani, M.; et al. Aggressive Smoldering Curative Approach Evaluating Novel Therapies (ASCENT): A Phase 2 Trial of
Induction, Consolidation and Maintenance in Subjects with High Risk Smoldering Multiple Myeloma (SMM): Initial Analysis of
Safety Data. Blood 2020, 136, 35–36. [CrossRef]

58. Manasanch, E.E.; Jagannath, S.; Lee, H.C.; Patel, K.K.; Graham, C.; Kaufman, G.P.; Thomas, S.K.; Iyer, S.; Mailankody, S.; Korde,
N.; et al. A Multicenter Phase II Single Arm Trial of Isatuximab in Patients with High Risk Smoldering Multiple Myeloma
(HRSMM). Blood 2019, 134, 3116. [CrossRef]

59. Jagannath, S.; Laubach, J.; Wong, E.; Stockerl-Goldstein, K.; Rosenbaum, C.; Dhodapkar, M.; Jou, Y.-M.; Lynch, M.; Robbins, M.;
Shelat, S.; et al. Elotuzumab monotherapy in patients with smouldering multiple myeloma: A phase 2 study. Br. J. Haematol. 2018,
182, 495–503. [CrossRef]

60. Liu, C.; Ghobrial, I.M.; Bustoros, M.; Reyes, K.; Hornburg, K.; Badros, A.Z.; Vredenburgh, J.J.; Boruchov, A.; Matous, J.V.; Caola,
A.; et al. Phase II Trial of Combination of Elotuzumab, Lenalidomide, and Dexamethasone in High-Risk Smoldering Multiple
Myeloma. Blood 2018, 132, 154. [CrossRef]

61. Manasanch, E.E.; Han, G.; Mathur, R.; Qing, Y.; Zhang, Z.; Lee, H.; Weber, D.M.; Amini, B.; Berkova, Z.; Eterovic, K.; et al. A
pilot study of pembrolizumab in smoldering myeloma: Report of the clinical, immune, and genomic analysis. Blood Adv. 2019, 3,
2400–2408. [CrossRef] [PubMed]

http://doi.org/10.3389/fonc.2020.00189
http://www.ncbi.nlm.nih.gov/pubmed/32181154
http://doi.org/10.1038/leu.2013.199
http://doi.org/10.1200/JCO.20.00437
http://doi.org/10.1101/2020.11.06.372011
http://doi.org/10.1056/NEJMoa1300439
http://doi.org/10.1016/S1470-2045(16)30124-3
http://doi.org/10.1200/JCO.19.01740
http://doi.org/10.1001/jamaoncol.2015.2010
http://www.ncbi.nlm.nih.gov/pubmed/26181891
http://doi.org/10.1182/blood-2020-136148
http://doi.org/10.1182/blood-2019-125204
http://doi.org/10.1200/JCO.2020.38.15_suppl.8512
http://doi.org/10.1200/JCO.2019.37.15_suppl.8051
http://doi.org/10.1038/s41375-020-0718-z
http://doi.org/10.1182/blood-2020-142584
http://doi.org/10.1182/blood-2019-123205
http://doi.org/10.1111/bjh.15384
http://doi.org/10.1182/blood-2018-154
http://doi.org/10.1182/bloodadvances.2019000300
http://www.ncbi.nlm.nih.gov/pubmed/31405950


J. Clin. Med. 2021, 10, 421 16 of 17

62. Brighton, T.A.; Khot, A.; Harrison, S.J.; Ghez, D.; Weiss, B.M.; Kirsch, A.; Magen, H.; Gironella, M.; Oriol, A.; Streetly, M.; et al.
Randomized, Double-Blind, Placebo-Controlled, Multicenter Study of Siltuximab in High-Risk Smoldering Multiple Myeloma.
Clin. Cancer Res. 2019, 25, 3772–3775. [CrossRef] [PubMed]

63. Nooka, A.K.; Wang, M.L.; Yee, A.J.; Kaufman, J.L.; Bae, J.; Peterkin, D.; Richardson, P.G.; Raje, N.S. Assessment of Safety
and Immunogenicity of PVX-410 Vaccine With or Without Lenalidomide in Patients With Smoldering Multiple Myeloma: A
Nonrandomized Clinical Trial. JAMA Oncol. 2018, 4, e183267. [CrossRef] [PubMed]

64. Zhao, A.-L.; Shen, K.-N.; Wang, J.-N.; Huo, L.-Q.; Li, J.; Cao, X.-X. Early or deferred treatment of smoldering multiple myeloma:
A meta-analysis on randomized controlled studies. Cancer Manag. Res. 2019, 11, 5599–5611. [CrossRef]

65. Hjorth, M.; Hellquist, L.; Holmberg, E.; Magnusson, B.; Rödjer, S.; Westin, J. Initial versus deferred melphalan-prednisone therapy
for asymptomatic multiple myeloma stage I—A randomized study. Eur. J. Haematol. 2009, 50, 95–102. [CrossRef]

66. Riccardi, A.; Ucci, G.; Luoni, R.; Brugnatelli, S.; Mora, O.; Spanedda, R.; De Paoli, A.; Barbarano, L.; Di Stasi, M.; Alberio, F.
Treatment of multiple myeloma according to the extension of the disease: A prospective, randomised study comparing a less
with a more aggressive cytostatic policy. Br. J. Cancer 1994, 70, 1203–1210. [CrossRef]

67. Riccardi, A.; Mora, O.; Tinelli, C.; Valentini, D.; Brugnatelli, S.; Spanedda, R.; De Paoli, A.; Barbarano, L.; Di Stasi, M.; Giordano,
M.; et al. Long-term survival of stage I multiple myeloma given chemotherapy just after diagnosis or at progression of the disease:
A multicentre randomized study. Br. J. Cancer 2000, 82, 1254–1260. [CrossRef]

68. Witzig, T.E.; Laumann, K.M.; Lacy, M.Q.; Hayman, S.R.; Dispenzieri, A.; Kumar, S.; Reeder, C.B.; Roy, V.; Lust, J.A.; Gertz, M.A.;
et al. A phase III randomized trial of thalidomide plus zoledronic acid versus zoledronic acid alone in patients with asymptomatic
multiple myeloma. Leukemia 2013, 27, 220–225. [CrossRef] [PubMed]

69. Musto, P.; Petrucci, M.T.; Bringhen, S.; Guglielmelli, T.; Caravita, T.; Bongarzoni, V.; Andriani, A.; D’Arena, G.; Balleari, E.;
Pietrantuono, G.; et al. A multicenter, randomized clinical trial comparing zoledronic acid versus observation in patients with
asymptomatic myeloma. Cancer 2008, 113, 1588–1595. [CrossRef] [PubMed]

70. D’arena, G.; Gobbi, P.G.; Broglia, C.; Sacchi, S.; Quarta, G.; Baldini, L.; Iannitto, E.; Falcone, A.; Guariglia, R.; Pietrantuono, G.;
et al. Pamidronate versus observation in asymptomatic myeloma: Final results with long-term follow-up of a randomized study.
Leuk. Lymphoma 2011, 52, 771–775. [CrossRef] [PubMed]

71. Paiva, B.; Mateos, M.V.; Sanchez-Abarca, L.I.; Puig, N.; Vidriales, M.-B.; López-Corral, L.; Corchete, L.A.; Hernandez, M.T.; Bargay,
J.; de Arriba, F.; et al. Immune status of high-risk smoldering multiple myeloma patients and its therapeutic modulation under
LenDex: A longitudinal analysis. Blood 2016, 127, 1151–1162. [CrossRef] [PubMed]

72. Da Vià, M.C.; Ziccheddu, B.; Maeda, A.; Bagnoli, F.; Perrone, G.; Bolli, N. A Journey Through Myeloma Evolution: From the
Normal Plasma Cell to Disease Complexity. HemaSphere 2020, 4, e502. [CrossRef] [PubMed]

73. Ziccheddu, B.; Biancon, G.; Bagnoli, F.; De Philippis, C.; Maura, F.; Rustad, E.H.; Dugo, M.; Devecchi, A.; De Cecco, L.; Sensi, M.;
et al. Integrative analysis of the genomic and transcriptomic landscape of double-refractory multiple myeloma. Blood Adv. 2020,
4, 830–844. [CrossRef] [PubMed]

74. Mailankody, S.; Kazandjian, D.; Korde, N.; Roschewski, M.; Manasanch, E.; Bhutani, M.; Tageja, N.; Kwok, M.; Zhang, Y.; Zingone,
A.; et al. Baseline mutational patterns and sustained MRD negativity in patients with high-risk smoldering myeloma. Blood Adv.
2017, 1, 1911–1918. [CrossRef] [PubMed]

75. Bustoros, M.; Liu, C.; Reyes, K.; Hornburg, K.; Guimond, K.; Styles, R.; Savell, A.; Berrios, B.; Warren, D.; Dumke, H.; et al. Phase
II Trial of the Combination of Ixazomib, Lenalidomide, and Dexamethasone in High-Risk Smoldering Multiple Myeloma. Blood
2018, 132, 804. [CrossRef]

76. Musto, P.; La Rocca, F. Monoclonal antibodies in newly diagnosed and smoldering multiple myeloma: An updated review of
current clinical evidence. Expert Rev. Hematol. 2020, 13, 501–517. [CrossRef]

77. Rajkumar, S.V.; Voorhees, P.M.; Goldschmidt, H.; Baker, R.I.; Bandekar, R.; Kuppens, S.; Neff, T.; Qi, M.; Dimopoulos, M.A.
Randomized, open-label, phase 3 study of subcutaneous daratumumab (DARA SC) versus active monitoring in patients (Pts)
with high-risk smoldering multiple myeloma (SMM): AQUILA. J. Clin. Oncol. 2018, 36, TPS8062. [CrossRef]

78. van der Veer, M.S.; de Weers, M.; van Kessel, B.; Bakker, J.M.; Wittebol, S.; Parren, P.W.H.I.; Lokhorst, H.M.; Mutis, T. Towards
effective immunotherapy of myeloma: Enhanced elimination of myeloma cells by combination of lenalidomide with the human
CD38 monoclonal antibody daratumumab. Haematologica 2011, 96, 284–290. [CrossRef]

79. Dimopoulos, M.A.; Oriol, A.; Nahi, H.; San Miguel, J.; Bahlis, N.J.; Usmani, S.Z.; Rabin, N.; Orlowski, R.Z.; Komarnicki, M.;
Suzuki, K.; et al. Daratumumab, Lenalidomide, and Dexamethasone for Multiple Myeloma. N. Engl. J. Med. 2016, 375, 1319–1331.
[CrossRef]

80. Nadeem, O.; Redd, R.; Stampleman, L.V.; Matous, J.V.; Yee, A.J.; Zonder, J.A.; Kin, A.; Rosenblatt, J.; Bustoros, M.D.M.; Prescott, J.;
et al. A Phase II Study of Daratumumab in Patients with High-Risk MGUS and Low-Risk Smoldering Multiple Myeloma: First
Report of Efficacy and Safety. Blood 2019, 134, 1898. [CrossRef]

81. Kurdi, A.T.; Glavey, S.V.; Bezman, N.A.; Jhatakia, A.; Guerriero, J.L.; Manier, S.; Moschetta, M.; Mishima, Y.; Roccaro, A.; Detappe,
A.; et al. Antibody-Dependent Cellular Phagocytosis by Macrophages is a Novel Mechanism of Action of Elotuzumab. Mol.
Cancer Ther. 2018, 17, 1454–1463. [CrossRef] [PubMed]

82. Bar, N.; Costa, F.; Das, R.; Duffy, A.; Samur, M.; McCachren, S.; Gettinger, S.N.; Neparidze, N.; Parker, T.L.; Bailur, J.K.; et al.
Differential effects of PD-L1 versus PD-1 blockade on myeloid inflammation in human cancer. JCI Insight 2020, 5, e129353.
[CrossRef] [PubMed]

http://doi.org/10.1158/1078-0432.CCR-18-3470
http://www.ncbi.nlm.nih.gov/pubmed/30890552
http://doi.org/10.1001/jamaoncol.2018.3267
http://www.ncbi.nlm.nih.gov/pubmed/30128502
http://doi.org/10.2147/CMAR.S205623
http://doi.org/10.1111/j.1600-0609.1993.tb00148.x
http://doi.org/10.1038/bjc.1994.474
http://doi.org/10.1054/bjoc.1999.1087
http://doi.org/10.1038/leu.2012.236
http://www.ncbi.nlm.nih.gov/pubmed/22902362
http://doi.org/10.1002/cncr.23783
http://www.ncbi.nlm.nih.gov/pubmed/18683218
http://doi.org/10.3109/10428194.2011.553000
http://www.ncbi.nlm.nih.gov/pubmed/21299465
http://doi.org/10.1182/blood-2015-10-662320
http://www.ncbi.nlm.nih.gov/pubmed/26668134
http://doi.org/10.1097/HS9.0000000000000502
http://www.ncbi.nlm.nih.gov/pubmed/33283171
http://doi.org/10.1182/bloodadvances.2019000779
http://www.ncbi.nlm.nih.gov/pubmed/32126144
http://doi.org/10.1182/bloodadvances.2017005934
http://www.ncbi.nlm.nih.gov/pubmed/29296837
http://doi.org/10.1182/blood-2018-99-117871
http://doi.org/10.1080/17474086.2020.1753502
http://doi.org/10.1200/JCO.2018.36.15_suppl.TPS8062
http://doi.org/10.3324/haematol.2010.030759
http://doi.org/10.1056/NEJMoa1607751
http://doi.org/10.1182/blood-2019-129103
http://doi.org/10.1158/1535-7163.MCT-17-0998
http://www.ncbi.nlm.nih.gov/pubmed/29654064
http://doi.org/10.1172/jci.insight.129353
http://www.ncbi.nlm.nih.gov/pubmed/32427579


J. Clin. Med. 2021, 10, 421 17 of 17

83. Goodman, A.M.; Kim, M.S.; Prasad, V. Persistent Challenges with Treating Multiple Myeloma Early. Blood 2020. [CrossRef]
[PubMed]

84. Bolli, N.; Li, Y.; Sathiaseelan, V.; Raine, K.; Jones, D.; Ganly, P.; Cocito, F.; Bignell, G.; Chapman, M.A.; Sperling, A.S.; et al. A DNA
target-enrichment approach to detect mutations, copy number changes and immunoglobulin translocations in multiple myeloma.
Blood Cancer J. 2016, 6, e467. [CrossRef]

85. Yellapantula, V.; Hultcrantz, M.; Rustad, E.H.; Wasserman, E.; Londono, D.; Cimera, R.; Ciardiello, A.; Landau, H.; Akhlaghi, T.;
Mailankody, S.; et al. Comprehensive detection of recurring genomic abnormalities: A targeted sequencing approach for multiple
myeloma. Blood Cancer J. 2019, 9, 101–109. [CrossRef]

86. Manzoni, M.; Marchica, V.; Storti, P.; Ziccheddu, B.; Sammarelli, G.; Todaro, G.; Pelizzoni, F.; Salerio, S.; Notarfranchi, L.; Pompa,
A.; et al. Application of Next-Generation Sequencing for the Genomic Characterization of Patients with Smoldering Myeloma.
Cancers 2020, 12, 1332. [CrossRef]

87. Manzoni, M.; Pompa, A.; Fabris, S.; Pelizzoni, F.; Ciceri, G.; Seia, M.; Ziccheddu, B.; Bolli, N.; Corradini, P.; Baldini, L.; et al.
Limits and Applications of Genomic Analysis of Circulating Tumor DNA as a Liquid Biopsy in Asymptomatic Forms of Multiple
Myeloma. HemaSphere 2020, 4, e402. [CrossRef]

http://doi.org/10.1182/blood.2020009752
http://www.ncbi.nlm.nih.gov/pubmed/33236046
http://doi.org/10.1038/bcj.2016.72
http://doi.org/10.1038/s41408-019-0264-y
http://doi.org/10.3390/cancers12051332
http://doi.org/10.1097/HS9.0000000000000402

	Introduction 
	Pathogenesis and Diagnosis of Smoldering Multiple Myeloma 
	Risk Stratification of Smoldering Multiple Myeloma 
	Initial Studies on Early Treatment of Smoldering Multiple Myeloma 
	Lenalidomide-Based Treatments for Smoldering Myeloma 
	Proteasome Inhibitor-Based Treatments for Smoldering Myeloma 
	Monoclonal Antibody-Based Treatments for Smoldering Myeloma 
	Other Therapeutic Approaches for Smoldering Myeloma 
	Conclusions 
	References

