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Abstract
Purpose of Review Smoldering multiple myeloma (SMM) is defined as an asymptomatic clonal proliferation of pre-malignant
plasma cells and an increased risk of progression to multiple myeloma (MM) relative to monoclonal gammopathy of undeter-
mined significance. Whether patients with SMM should be treated prior to development of symptomatic disease is fiercely
debated and is a highly active area of research.
Recent Findings The ECOG E3A06 study demonstrated that early treatment with lenalidomide significantly reduced the risk of
progression to MM compared to observation in patients with high risk SMM. The IMWG recently validated a risk stratification
model to include cytogenetics and a personalized risk calculator for individual patients. Beyond this, molecular genomic
aberrations and immunological phenomena that promote progression from asymptomatic disease to MM have been recently
characterized and may help to more precisely identify patients who are most suitable for early intervention.
Summary As highly effective and tolerable therapies for plasma cell disorders evolve, the field is approaching a paradigm shift
that involves the adoption of intervention for patients with SMMwho are at high risk for progression to symptomatic myeloma in
order to prevent morbidity and mortality. This review highlights our current understanding of the biology of patients with SMM,
clarifies the rationale for early intervention, and summarizes early results of various treatment strategies for patients with high-
risk smoldering myeloma.
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Introduction

Multiple myeloma (MM) is the second most common hema-
tological malignancy [1] and is characterized by the develop-
ment of renal insufficiency, lytic bone disease, anemia, and
hypercalcemia. Although therapeutic breakthroughs including
immunomodulatory agents, proteasome inhibitors, and mono-
clonal antibodies have dramatically improved survival for pa-
tients with MM, early mortality rates remain unacceptably
high [2] and many patients suffer permanent injuries including
debilitating fractures and irreversible kidney disease that often
require substantial supportive care [3, 4]. As such, identifying
strategies that may prevent or reduce morbidity and mortality
from MM is an important area of ongoing research. Elegant

studies have demonstrated that nearly all cases of MM are
preceded by monoclonal gammopathy of undetermined sig-
nificance (MGUS) and/or smoldering multiple myeloma
(SMM), precursor plasma cell neoplasms with a highly vari-
able time course preceding the onset of symptoms related to
MM [5, 6]. One strategy to potentially prevent complications
and mortality from MM is to identify patients who may be
appropriate for treatment before the development of any
symptoms. A proper understanding of the biology of precur-
sor plasma cell conditions and the risk posed by various clin-
ical, genetic, and immunological factors for progression to
myeloma is essential to identifying these patients.

Current Definitions and Risk of Progression

MGUS is characterized by a low quantity of clonal plasma
cells within the bone marrow (< 10%) and low-to-moderate
production of monoclonal protein (< 3 g/dL) in the absence of
symptoms related to MM, lymphoma, or amyloidosis. SMM
represents a more advanced precursor state with ≥ 10%
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plasma cells and/or ≥ 3 g/dL of monoclonal protein without
any of the CRAB criteria (hypercalcemia, renal insufficiency,
anemia, and lytic bone disease) or myeloma defining events as
outlined in the most recent International Myeloma Working
Group (IMWG) diagnostic criteria (serum free light chain
(sFLC) ratio ≥ 100, ≥ 60% bone marrow plasma cells
(BMPC), or > 1 focal lesion on MRI) [7]. Patients diagnosed
with MGUS have a low risk of progression to MM of approx-
imately 1% per year, with somewhat higher risk among those
with monoclonal protein ≥ 1.5 g/dL and/or an abnormal free
light chain ratio, with a risk of progression from MGUS to
MM that remains fairly consistent over many years [8]. In
contrast, patients with SMM have a much higher likelihood
of progression, estimated at approximately 10% per year for
the first 5 years after diagnosis [9]. Among patients with
SMM, the risk of progression is highly variable, and thus, risk
stratification models have been designed in order to estimate
patients’ risk of progression to MM.

In current practice, the most commonly used risk stratifica-
tion models are based upon clinical factors that estimate over-
all disease burden as a surrogate for malignant potential.
These models have some overlap, but with some important
differences, and they are summarized in Table 1. The original
model proposed by the Mayo Clinic described three risk
groups, based on the diagnostic criteria for SMM [9]. This
was subsequently refined to include the serum-free light chain
ratio as an important prognostic factor, and risk was deter-
mined according to whether patients met one, two, or three
of the following criteria: monoclonal protein ≥ 3 g/dL, BMPC
≥ 10%, and sFLC ratio of ≥ 8 or ≤ 0.125 [10]. Ten years later,
the same group proposed a new model with adjustment of the
cutoff points to BMPC ≥ 20%, M-protein of 2 g/dL, and
involved-to-uninvolved sFLC ratio of ≥ 20. This has become
known as the “20/2/20” model and was shown to have a su-
perior ability to predict progression to MM compared to the
Mayo 2008 criteria [11]. Patients meeting all three of the orig-
inal criteria, or just two of the “20/2/20” criteria, are consid-
ered to have high risk SMM, with approximately 50% risk of
progression to MMwithin 2 years of diagnosis. The appeal of
these models is that they are based upon tests that are routinely
obtained in clinic, easily interpreted, widely available, repro-
ducible, and serum biomarkers can be followed noninvasively
over time to monitor for “evolving” changes in paraprotein
production, which has been shown to be an ominous sign
for progression to MM [12–14]. However, not all patients
show this “evolving” pattern before progressing to
symptomatic disease, and a recent study showed that
patients whose plasma cells did not express CD56 were
more likely to progress without a rise in monoclonal
protein [15]. On the contrary, some patients with high-
risk SMM never go on to develop MM, but the ability
to predict which of these high-risk SMM patients will
remain stable over time remains elusive.

A striking pattern seen among the clinical risk models is
that the highest risk of progression to MM is observed within
the first 2 years of diagnosis regardless of risk category. As
such, there are likely at least two biological entities that exist
among patients with SMM—“high-volume MGUS” that fol-
lows a relatively indolent course and “pre-symptomatic mye-
loma” that is a true malignancy with impending development
of symptomatic disease. Indeed, a study of patients with low-
risk MGUS by conventional criteria found that 45% of pa-
tients who otherwise would not have required a bone marrow
biopsy based on monoclonal protein quantity actually had ≥
10%BMPCs andmet the diagnostic criteria for SMM, but still
had a risk of progression of ~ 2% per year, far lower than the
average risk for SMM [16]. This highlights that while clinical
models do a good job of estimating risk for the majority of
patients, basing decisions on these models alone will certainly
lead to under treatment of some SMMpatients with “low-risk”
disease who actually have “pre-symptomatic myeloma,” and
over treatment of some SMM patients with “high-volume
MGUS” who appear to be high risk. Avoiding the use of
unnecessary and potentially toxic therapies that may harm
quality of life and actually shorten survival of such SMM
patients is imperative. However, with proper diagnosis and
risk categorization, early treatment of patients with “pre-
symptomatic myeloma” does have the potential to benefit pa-
tients, not only by reducing the likelihood of symptom devel-
opment but also to potentially prolong survival. As such,
implementing additional genomic and immunological infor-
mation along with these clinical models will likely help to
improve outcomes for all patients with SMM.

Genomics

MM is characterized by recurrent structural genetic changes
and cytogenetic abnormalities (CA) that are acquired early in
development of the plasma cell neoplasm and serve as impor-
tant prognostic and predictive biomarkers [17, 18]. Most of
the CA found among patients with MM have also been iden-
tified in patients with MGUS and SMM. Several of these,
including t(4;14), del(17p), + 1q, and hyperdiploidy have been
associated with an increased risk of progression from SMM to
MM [19, 20]. In 2020, the IMWG introduced a SMMnew risk
model incorporating cytogenetic abnormalities and explored
the relative risk of each factor on a continuous spectrum
[21••]. In this model, patients meeting 3 of 4 high-risk fea-
tures, including those defined by the “20/2/20” model along
with abnormal cytogenetics [t(4;14), t(14;16), + 1q, and/or
del(13q/− 13}, as assessed by FISH, were noted to have a
63.1% risk of progression to MM at 2 years, versus 45.5%
for those with 2 criteria, 22.8% with 1 criterion, and only 6%
with none of the above. Additionally, a risk calculator was
derived that allowed for determination of risk based on the
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degree of abnormality among each of the criteria, thus provid-
ing a more precise means to estimate risk for individual pa-
tients. This calculator is summarized in Table 1, with high-risk
patients having a 2-year risk of progression of 72.5%.

Beyond the recurrent CAs that are routinely evaluated
among patients with plasma cell disorders, complex structural
changes are becoming increasingly recognized as an impor-
tant factor in determining outcomes among patients withMM,
and now have shown promise in predicting progression to
myeloma. A recent study using whole genome sequencing
(WGS) identified three classes of complex structural variants
among patients with MM—chromothripsis, templated inser-
tions, and chromoplexy. In particular, chromothripsis—which
is marked by multifocal chromosomal shattering and random
rejoining of pieces—results in hundreds of new chromosome
recombinations and copy number variation, and is associated
with inferior survival in MM [22]. The same group recently
performed a similar analysis among patients with SMM and
found that while chromothripsis was uncommon in SMM, it
was never seen among patients with stable disease [23].

Another study using high-throughput genomic analysis found
that aneuploidies, especially deletions, as well as a higher “ge-
nomic scar score” were more common in patients progressing
from SMM to MM compared to nonprogressors [24].

In addition to large structural changes, mutations at the
genetic level are also found at high frequency among patients
with plasma cell disorders. Several groups have demonstrated
that the mutational landscape of patients with SMM is very
similar to that of newly diagnosed MM [23, 25, 26•]. Among
patients with SMM, several specific mutational patterns have
emerged as highly predictive of progression to MM. Bustoros
et al. determined that mutations within the mitogen-activated
protein kinase (MAPK) pathway (KRAS, NRAS), DNA dam-
age repair pathway (TP53, ATM), and MYC alterations were
associated with high rates of progression to MM [26•].
Mutations within the MAPK pathway are among the most
common in MM [27], and TP53 mutations are known to be
one of the most important prognostic factors in MM, particu-
larly when combined with del(17p) [28]. Mounting evidence
suggests that MYC alterations almost universally signal high-

Table 1 Estimated risk of progression by validated risk models

Model Risk factors used in model Risk groups Median TTP 2-year risk
of progression

Mayo Clinic 1. BMPC ≥ 10%
2. Serum M-spike ≥ 3 g/dL
3. FLC ratio ≤ 0.125 or ≥ 8

High risk (all 3)
Intermediate risk (2)
Low risk (1)

1.9 years
3.8 years
9.2 years

52%
27%
12%

Revised Mayo “20/2/20” 1. BMPC ≥ 20%
2. Serum M-spike ≥ 2 g/dL
3. FLC ratio ≤ 0.05 or ≥ 20

High risk (2–3)
Intermediate (1)
Low risk (0)

2.4 years
5.7 years
9.2 years

47.4%
26.3%
9.7%

PETHEMA 1. ≥ 95% of BMPC with aberrant markers
by flow cytometry

2. Immunoparesis, defined as reduction of 1
or more uninvolved heavy chain in the serum to < LLN

High risk (both)
Intermediate (1 of 2)
Low risk (neither)

1.9 years6 years
NR

~ 50%
~ 30%
4%

IMWG 2020 1. FLC ratioa Abnormal factorsa

0–10 0 points
≥ 10–25 2 points
≥ 25–40 3 points
> 40 5 points

High (3–4)
Intermediate (2)
Low-intermediate (1)
Low (0)

63.1%
45.5%
22.8%
6.0%

2. M-spike (g/dl)a Scoring system (points)

0–1.5 0 points
≥ 1.5–3 3 points
> 3 4 points
3. BMPC (%)a

0–15 0 points
≥ 15–20 2 points
≥ 20–30 3 points
≥ 30–40 5 points
> 40 6 points

High (> 12)
Intermediate (9–12)
Low-intermediate (5–8)
Low (0–4 points)

72.5%
51.1%
26.2%
3.8%

4. FISH abnormalityb

No 0 points
Yes 2 points

a In the IMWG risk model defined using presence or absence of risk factors, rather than the precise scoring system, abnormal factors were defined as per
the Revised Mayo criteria (20/2/20), found in this table, with the addition of abnormal cytogenetics by FISH
b FISH abnormalities included in this model were t(4;14), t(14;16), +1q, and/or −13
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risk disease among plasma cell disorders. The acquisition of
MYC alterations triggers progression of MGUS to MM in
mouse models [29, 30]. Multiple studies suggest that MYC
alterations are inconsistent with stable precursor diseases
[24, 31, 32], and MYC translocations have been associated
with poor prognosis when identified among patients with
MM [31, 33]. When evaluated in conjunction with clinical
criteria, among patients within each of the “20/2/20” risk cat-
egories, patients with MAPK, DNA damage repair, or MYC
alterations had higher risk of progression compared to those
without these mutations [26•]. The APOBEC (apolipoprotein
B mRNA editing enzyme, catalytic polypeptide-like) muta-
tional signature has also been associated with inferior out-
comes in MM and was recently identified as an important
predictor for progression from SMM to MM as well [24].

While these data suggest that the acquisition of complex
structural variation and aggressive mutational signatures may
indicate that an asymptomatic plasma cell clone is likely to
progress to symptomatic MM, this remains an incomplete
characterization of all patients. Multiple studies have demon-
strated that, in addition to dominant chromosomal and muta-
tional changes, the subclonal genomic landscape frequently
changes as disease progresses from SMM to MM [25, 34,
35]. Furthermore, patients who progressed without subclonal
evolution often had high tumor burden at diagnosis or short
time to progression, indicating that these changes may have
already occurred in some patients with high-risk SMM at the
time of diagnosis. These studies provide additional genomic
evidence to support the theory that two distinct disease biol-
ogies within SMM exist, as mentioned previously. While
some genomic abnormalities, such as MYC alterations, may
be sufficient to drive progression to symptomatic MM, the
complex interplay between the immune microenvironment
and tumor cells may also be a key factor in determining the
rate of progression and/or whether additional mutational bur-
den is required.

Immunology

Clearly, incorporation of genomic information can help to refine
risk stratification in SMM, but the complex interactions between
the various immune subsets within the bone marrow microenvi-
ronment remain an important prognostic factors in addition to
potentially inducing control of the pre-malignant clone. In fact,
prior to the development of the original Mayo Clinic risk strati-
fication scheme, the Grupo Espanol de Mieloma/Programa para
el Tratamiento de HemopatiasMalignas (PETHEMA/GEM) de-
veloped the first published risk stratification model for SMM
based on immunological parameters. In this model, high-risk
criteria were defined as the presence of immunoparesis, defined
as a reduction in at least one immunoglobulin class, and if ≥ 95%
of the plasma cells in the bone marrow aspirate had an aberrant

phenotype by flow cytometry [36]. Although this model was not
widely incorporated after its publication, it has been validated
and underscores the importance of the overall immunophenotype
and interplay between the plasma cell neoplasm and immune
microenvironment.

T cells are well described to be able to induce anti-
myeloma responses among patients with MM [37]. Early im-
munological profiling determined that effector T cells mount a
vigorous anti-myeloma effect to control pre-malignant plasma
cell clones [38], and that progression of MM is characterized
by deficiencies in adaptive immunity [39]. In the peripheral
blood, among patients progressing to MM, there is a notable
decrease in effector memory and cytotoxic T cells and in-
creased Tγδ cells and adaptive NK cells [40].

Beyond T cells, a more extensive characterization of the
immune landscape has been described in recent years.
Compared to healthy controls, patients with plasma cell neo-
plasms have increased terminal effector T cell differentiation,
but stem-like T cells that are identified at the MGUS stage are
lost upon progression to MM [41]. Single-cell RNA sequenc-
ing of patients withMGUS, SMM, andMMhas identified that
patients who have advanced to SMM or MM have loss of
memory cytotoxic T cells and MHC Class II dysregulation
among monocytes in the bone marrow microenvironment,
leading to T cell suppression and loss of control of the plasma
cell neoplasm [42•]. Immune checkpoints also appear to be
dysregulated among patients progressing fromMGUS to MM
[43]. Although one study demonstrated that the PD-1/PD-L1
phenotype is no different among patients with SMM or newly
diagnosed MM, this becomes skewed in relapsed/refractor
disease, suggesting that the T cell repertoire of patients with
SMM may be more capable of recovering immunological
control compared to the relapsed stage [44]. Several longitu-
dinal studies are ongoing to characterize the feasibility of im-
mune cell profiling to not only identify patients at high risk of
progression but also potentially highlight opportunities for
treatment to regain immunological control of the premalignant
clone. Supporting this approach are data from a randomized
study, in which patients with high-risk SMM were noted to
have decreased expression of activated TH1 cells at baseline,
but treatment with lenalidomide and dexamethasone treatment
was able to restore T cell and NK cell phenotypes to those
resembling healthy controls [45]. Clearly, immunological pro-
cesses are critical to the overall control of SMM in the prema-
lignant state, and strategies that optimize immune control are
attractive, particularly for those who may be at high risk for
early progression.

Treatment for Smoldering Myeloma

By definition, SMM is asymptomatic, and any discussion of
treatment for an asymptomatic condition requires at least a
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basic understanding of the nuance regarding the concepts of
treating pre-malignant conditions and asymptomatic malig-
nancies. Early intervention for pre-malignant conditions intro-
duces lead time bias that can artificially inflate the apparent
benefit of early intervention, so results need to be interpreted
with caution. Additionally, the risk:benefit ratio of early inter-
vention to reduce cancer-related mortality coupled with the
possibility of over diagnosis and potential harms of treatment
need to be carefully examined. On one end of the spectrum,
polypectomy during colonoscopy is universally recommend-
ed because of the known risk of progression of pre-malignant
polyps to colon cancer, high cure rate with polypectomy, and
very low risk of the endoscopic procedure. On the contrary,
despite being a true malignancy, expert consensus is to avoid
treating patients with asymptomatic indolent lymphoma not
meeting Groupe d’Etude des Lymphomes Folliculaires
(GELF) criteria, based on the lack of a survival benefit to early
intervention [46], low risk of complications with noninvasive
surveillance, and substantial toxicity of treatment.

For decades, since its initial description by Dr. Robert Kyle
in 1980 [47], “observation only” was the sine qua non for
smoldering myeloma, a recommendation that undoubtedly
reflected the original understanding of SMM as an intermedi-
ate stage of progression from MGUS to MM rather than a
basket term including some patients with “high-volume
MGUS” and others with “pre-symptomatic myeloma.”
Reinforcing the assumption, a number of trials were complet-
ed in the 1990s with available agents that failed to slow pro-
gression to symptomatic myeloma. One of the largest trials
randomized 145 patients with asymptomatic myeloma to ei-
ther 6 cycles of melphalan and prednisone or treatment at time
of development of symptoms, and found no difference in
overall survival, with the best survival among the 32 patients
who never received treatment [48]. Agents such as
bisphosphonates, either singly or in combination with thalid-
omide [49–51], also failed to change overall survival, al-
though the addition of thalidomide did slow progression to
MM.

The arrival of novel agents rekindled the interest in treating
SMM, due to their greater efficacy and manageable side ef-
fects even on a longer-term basis. Clinical trials examining the
utility of bortezomib in SMM produced inconclusive results
and were abandoned [52]. More recently, lenalidomide be-
came the obvious candidate to consider for SMM patients
due to experience gained with this drug in long-term MM
maintenance and treatment trials [53, 54]. In 2007, the
PETHEMA group initiated the QUIREDEX study, a random-
ized, open-label trial of lenalidomide plus dexamethasone
(Rd) versus observation in high-risk SMM, defined as either
> 10% PCs and > 3g/dL, or if only one criterion was present,
high risk by virtue of the PETHEMA risk classification, i.e.,
aberrant flow and/or immunoparesis. Patients in the Rd group
were administered nine 4-week induction cycles

(lenalidomide 25 mg/day on days 1–21, plus dexamethasone
20 mg per day on days–1–4 and days 12–15), followed by
maintenance with lenalidomide at 10 mg/day on days 1–21 of
each 28-day cycle for up to 2 years. The protocol permitted the
reintroduction of low-dose dexamethasone (20 mg on days 1–
4 of each cycle) in subjects who developed asymptomatic
biological progression during the maintenance phase. By con-
trast, patients in the control (observation) group were not per-
mitted to receive treatment until progression to symptomatic
disease. Ultimately, 119 patients were enrolled, with those
patients receiving Rd showing a progression free survival
(PFS) advantage (not reached vs. 23 months; HR 0.18) as well
as a 3-year overall survival (OS) advantage of 94% vs. 80 (HR
0.31) [55, 56]. However, this approach was not immediately
embraced for several key reasons. First, advanced imaging
(MRI, PET-CT, whole-body low-dose CT) to detect skeletal
lesions to exclude active MM cases was not required, and the
rapid progression to MM seen early on in the observation arm
implies that some patients with active MMwere inadvertently
included. In addition, patients on the R maintenance who be-
gan to show signs of biochemical progression had dexameth-
asone reintroduced, altering the study design from true limited
intervention vs. observation. Moreover, because a combina-
tion regimen was used, the incremental value of adding
lenalidomide could not be clearly delineated. Nonetheless,
the study achieved an important milestone and clearly spurred
the development of additional trials for SMM.

To date, the largest randomized SMM trial is ECOG-
E3A06, which enrolled SMM patients to either indefinite
lenalidomide (R) monotherapy or observation. This trial did
mandate advanced imaging to rule out lytic lesions but was
amended to include low-risk SMM and diagnosis within 5
years to enhance accrual, and included patients with
intermediate- or high-risk SMM, with PFS (defined as the
time since randomization to the development of symptomatic
end-organ damage—osteolytic bone lesions, acute renal fail-
ure, etc.) as the primary endpoint. A total of 224 patients were
enrolled, with 182 randomized, after an initial lead-in phase to
establish safety. Subjects receiving R experienced a median 3-
year PFS of 91% vs. 66% for the observation arm (HR 0.28, P
= .002), despite a relatively low overall response rate (ORR)
of 50% [57••]. The PFS advantage to early intervention with R
monotherapy was most notable for patients who were catego-
rized as high risk by the Mayo 20-2-20 criteria. The treatment
was not associated with a measurable decline in quality-of-life
scores, although 40% of patients on the R arm came off treat-
ment due to adverse events, and the median time on R was
approximately 2 years. Unlike the QUIREDEX study, so far,
no survival benefit has been observed with continuous R ther-
apy, with only six 6 deaths reported (2 in R arm vs. 4 with
observation; HR 0.46 (95% CI 0.08–2.53).

The results of E3A06 and QUIREDEX trials, as well as the
availability of newer additional agents, have contributed to the
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burgeoning number of SMM trials currently underway. The
treatment paradigm for these trials can be roughly divided into
two groups: limited therapy designed to halt progression to
MM and perhaps return patients to an “MGUS-like state,”
versus those using aggressive MM-style therapy to induce
deep remissions and high rates ofMRD negativity, with a goal
of eradicating the premalignant clone(s) and/or resulting in a
functional cure for many patients.

Examples of the aggressive approach are growing.
Investigators from the National Cancer Institute recently up-
dated and extended results from their trial of carfilzomib,
lenalidomide, and dexamethasone (KRd) for 8 cycles, follow-
ed by 2years of lenalidomide maintenance [58, 59]. Their
most recent publication includes 54 patients with high-risk
SMM, defined in a number of different ways, treated with this
regimen. The overall response rate was 100%, with a CR rate
of 72.7%. However, 50% of patients experienced at least one
grade 3 adverse event. At a 5-year landmark, the PFS was
90%, and there were no treatment related deaths on this study.
The phase II GEM-CESAR trial represents the most aggres-
sive approach to date for high-risk SMM, defined by the
PETHEMA definition, with the use of advanced imaging to
rule out lytic lesions in this particular trial. A total of 90 pa-
tients were enrolled and treated with 6 cycles of KRd followed
by autologous transplant, 2 more cycles of KRd, and up to 2
years of lenalidomide maintenance. Preliminary results from
this trial [60, 61] show a CR rate of 70%, with an MRD
negative rate of 60%. Three out of 90 patients have died, with
1 death linked to treatment related toxicity. It is also important
to note that, as in the previous Spanish trial, approximately
30% of patients in the GEM-CESAR study would meet the
current IMWG definition of active MM. In the United States,
the ASCENT trial (Aggressive Smoldering Curative
Approach Evaluating Novel Therapies) is a phase II, single-
arm study that is enrolling high-risk SMM patients and
treating them with a four-drug regimen (carfilzomib,
daratumumab, dexamethasone, and lenalidomide) for a total
of 24 monthly cycles, again with the aim of producing deep
remissions and arresting progression to active MM
(NCT03289299).

The other approach to SMM treatment focuses more on
limited, less intensive therapy, with the goal of slowing or
halting progression to active MM, and limiting toxicity in a
group of subjects that are by definition asymptomatic. Both
the QUIREDEX and E3A06 studies typify this approach. The
CENTAURUS study evaluated single-agent daratumumab
(Dara) in several dosing strategies for treatment of SMM.
Dara resulted in an ORR of 37.5–56.1%, CR rates of 0–
9.8%, and a 24-month PFS of 75.6–87.8% [62]. The co-
primary endpoints of CR > 15% was not met. Two ongoing
studies—the AQUILA trial (NCT03301220), which enrolled
390 patients and randomized patients to receive subcutaneous
Dara vs. observation, and the Phase III DETER-SMM trial

(EAA173, NCT03937635), which will randomize 288 pa-
tients with high-risk SMM as defined by the 20/2/20 criteria
to Dara-Rd versus Rd—will help to further explore the opti-
mal preventive approach to high-risk SMM. It is noteworthy
that the DETER trial offers treatment in both study arms, an
acknowledgment that high-risk SMMpatients should no longer
be randomized to placebo or observation. The AQUILA trial
eligibility enrolled patients defined as high risk with less strin-
gent criteria thanDETER, specifying that subjects SMMwithin
5 years of diagnosis, 10% PC, and only one of the following
criteria: M spike > 3 g/dL, IgA SMM, immunoparesis, or FLC
ratio > 8 but < 100. Results are expected in the fourth quarter of
2021.patients. A large multinational trial will evaluate the ef-
fectiveness of another anti-CD 38 antibody, isatuximab, in
combination with Rd versus Rd alone (NCT02916771).

A growing area of interest in the field of SMM treatment
involves immunotherapeutic approaches. Although studies
using checkpoint inhibitors in MM have been disappointing
[63, 64], the T cell repertoire of patients with precursor plasma
cell neoplasms may be better suited for targeting by these
approaches, as mentioned above. A stringent CR was seen
in a patient with high-risk genetics in an early report evaluat-
ing pembrolizumab in SMM [65], and a pilot study of the 4-
peptide directed PVX-410 vaccine, in combination with
lenalidomide, produced sustained increases in CD8+ memory
T cells, and was well tolerated [66]. Other “personalized”
vaccine trials are underway, and may reveal the importance
of this approach in SMM.

All of this activity begs the question of whether SMM
patients should be treated routinely outside of a clinical trial.
One caveat regarding the completed trials is the lack of uni-
form entrance criteria, which hampers the interpretation and
applicability of any one trial’s results to the larger SMM pa-
tient population. The recently published IMWG SMM risk
scoring system [21••] will likely set the new eligibility stan-
dard for future trials, particularly given how well low-risk
SMM patients fare without intervention. Some investigators
have come out in favor of treatment off-trial for SMM [67,
68], although others have promoted restraint and asked for a
more dynamic assessment of SMM risk as it evolves over
time, before committing to treatment [69]. Furthermore, some
have proposed that early intervention should be avoided until
a clear benefit in overall survival or quality of life is demon-
strated in large, randomized controlled trials [70]. All experts
agree that any patient diagnosed with SMM needs thorough
evaluation to assure that the individual does not meet the cur-
rent definition of MM and require immediate treatment.
Patients with low-risk SMM should be followed expectantly.
It is prudent to follow newly diagnosed SMM patients closely
to make sure that they do not have rapidly increasing mono-
clonal protein levels and/or FLC ratios that would change risk
assessment. In large part due to the rapidly changing and
highly controversial landscape of SMM management, we
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strongly recommend referring any SMM patient for one of the
numerous clinical trials underway as outlined in Table 2.
Undoubtedly, the development of newer diagnostic platforms
will allow for even better discrimination of risk of SMM pro-
gression and recommendations for intervention will continue
to evolve. In conjunction with this, as the effect of interven-
tions and patient outcomes are further defined by ongoing
clinical trials, a much clearer understanding of how, when,
and which patients with SMM should be treated will likely
become apparent in the near future.
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