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ABSTRACT

Smoldering multiple myeloma (SMM) is an asymptomatic
clonal plasma cell disorder and bridges monoclonal gammo-
pathyofundeterminedsignificance tomultiplemyeloma (MM),
based on higher levels of circulating monoclonal immunoglob-
ulin and bone marrow plasmocytosis without end-organ
damage. Until a Spanish study reported fewer MM-related
events and better overall survival among patients with high-
risk SMM treated with lenalidomide and dexamethasone,
prior studies had failed to show improved survival with
earlier intervention, although a reduction in skeletal-related
events (without any impact ondiseaseprogression) has been
described with bisphosphonate use. Risk factors have now
been defined, and a subset of ultra-high-risk patients have
been reclassified by the International Myeloma Working
Group as MM, and thus will require optimal MM treatment,
based on biomarkers that identify patients with a.80% risk
of progression. The number of these redefined patients is
small (∼10%), but important to unravel, because their risk of

progression to overt MM is substantial ($80% within 2
years). Patients with a high-risk cytogenetic profile are not
yet considered for early treatment, because groups are
heterogeneous and risk factors other than cytogenetics are
deemed to weight higher. Because patients with ultra-high-
risk SMM are now considered as MM and may be treated as
such, concerns exist that earlier therapy may increase the
risk of selecting resistant clones and induce side effects and
costs. Therefore, an even more accurate identification of
patients who would benefit from interventions needs to be
performed, and clinical judgment and careful discussion of
pros and cons of treatment initiation need to be undertaken.
For the majority of SMM patients, the standard of care
remains observation until development of symptomatic MM
occurs, encouraging participation in ongoing and upcoming
SMM/early MM clinical trials, as well as consideration
of bisphosphonate use in patients with early bone loss.
The Oncologist 2016;21:333–342

Implications for Practice: Smoldering multiple myeloma is an early stage of myeloma disease and is diagnosed before any
symptomsoccur. Recent researchhas redefined thediagnostic criteria formultiplemyeloma, offeringnew insights into testingand
classification of this malignancy. Risk factors have now been defined and three biomarkers have been validated that are able to
identify patients presenting a high risk of progression toward a symptomatic disease. These biomarkers will help physicians to
identify high-risk patients who may benefit from optimal treatment. This article summarizes the views of a European panel of
hematologists on the implicated changes in patient care.
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INTRODUCTION

Multiple myeloma (MM) is a hematological malignancy
characterized by the accumulation ofmonoclonal plasma cells
(PCs) in the bonemarrow (BM).Monoclonal PC proliferation is
accompanied by the secretion of a monoclonal immunoglob-
ulin that serves as a quantitative tumor marker and can be
detected in blood and/or urine [1, 2].

In 1980, Kyle and Greipp were the first to describe
smoldering MM (SMM), or asymptomatic MM, as an entity
fulfilling the diagnostic criteria for MM, but with a different
clinical outcome [3]. They based their findings on six patients
who had a medullary PC infiltration $10% and a serum
M-spike $3 g/dL, but whose disease did not progress during
their follow-up.

In 2003, the International Myeloma Working Group
(IMWG) reviewed the diagnostic criteria for symptomatic
MM, asymptomatic or smoldering myeloma (SMM), and
monoclonal gammopathy of undetermined significance
(MGUS) [4]. The criteria are based on biological parameters
and focuson thepresenceofclinical symptoms. InMM,these
criteria involve the presence of a monoclonal protein in
blood or urine, a BMPC infiltration $10% (or plasmacy-
toma), and the presence of complications, such as hypercal-
cemia, radiological bone lesions, anemia, and renal failure
(often referred as CRAB). Conversely, MGUS is defined by a
paraprotein level that is ,3 g/dL, medullar PC infiltration of
,10%, and the absence of clinical complications [5]. SMM
corresponds to the clinical situation in which the paraprotein
level is$3g/dLormedullarPC infiltration$10%,butalways in
the absence of complications. In 2014, the IMWG revised the
diagnostic criteria of SMM and MM, a topic that is currently
being discussed intensively [6].

PROGRESSION TO SYMPTOMATIC DISEASE

The majority of SMM patients will progress to symptomatic
MM and will require treatment at that time. A retrospective
study by Kyle et al., including 276 cases of SMM over a period
of 26 years at the Mayo Clinic, revealed a prevalence of 8%
on a total MM population of 3,549 patients [7]. The median
time to progression varies in different patient series
between 3 and 5 years. The main objective of this study
was to determine the rate of progression to symptomatic
diseases (such as MM or amyloid light chain [AL] amyloid-
osis). Unlike patients with MGUS, the majority of SMM
patients developed symptomatic disease, but the risk of
progression changed over time andwas found to be higher in
the early years after diagnosis and decreased after 5 years.
Themedian time to progressionwas 4.8 years, and the riskof
progression was estimated at 10% per year for the first 5
years, 3% for the next 5 years, and 1% thereafter. The
cumulative progression rate was 51% at 5 years, 66% at 10
years, and 73% at 15 years. Recently, the Heidelberg group
prospectively studied 248 cases of SMM (among 2,085 cases
of MM) [8]: They found that 83 (33.5%) patients progressed
to active MM and 5 (2%) patients to AL-amyloidosis.
Median time of progression was calculated as 5.6 years,
with a cumulative progression rate of 46% over 5 years,
thus well in line with prior Mayo Clinic data [8]. The SWOG
S0120 prospectively followed patients with MGUS and

SMM [9]: The authors found that 49 of 179 SMM patients
(24%) progressed to an active MM within 2 years from
diagnosis, with osteolysis being themost prominent sign of
progression [9].

The main challenge of the different prognostic studies
has been the identification of patients at high risk of
progression who could potentially benefit from an earlier
therapeutic strategy. Within this high-risk patient group, a
small subgroup of patients has been defined that present an
ultra-high risk of progression to symptomatic MM ($80%
within 2 years). These ultra-high-risk SMM patients are now
reclassifiedasMMandofferedearlier treatment intervention—
this being performed to prevent serious complications oc-
curring during progression or even alter the natural course of
MM [10].

PROGNOSTIC FACTORS
Many risk factors for progression have been proposed since
the first definition of SMM (Table 1).To be clinically relevant,
these prognostic factors should be accessible to all centers
around the world, preferentially being performed on a
routine basis andbeing reproducible andexternally validated
in different series of patients. Several of the described
techniques require expertise in the realization and interpre-
tation of results (e.g., imaging, flow cytometry, and cytoge-
netics) and should be confined to MM reference centers to
actually use them as a reliable risk factor.

Tumor Load
A high tumor load, as assessed by the percentage of PC in the
BM or the size of the serum monoclonal component, is a
significant risk factor in most reported series of patients with
SMM.The Mayo Clinic demonstrated that the combination of
these two factors could differentiate three risk groups [7].
The highest risk group was defined by the presence of a
medullary PC infiltration $10% and a monoclonal protein
$3 g/dL; the other groups were defined by the presence of

Table 1. Risk factors for progression of smoldering multiple

myeloma to active multiple myeloma

Risk factor References

High risk

$10% monoclonal PCs and M-protein.3 g/dL
and free light chain ratio,0.126 or.8

[15]

.95% aberrant BM PCs and immunoparesis [25]

Increase in paraprotein during follow-up [26]

Diffuse BM infiltration on MRI [11]

Presence of circulating PCs [30]

High-risk cytogenetics [del 17p, t(4;14) ,11q21] [8, 28]

Hyperdiploidy or trisomies [8, 28]

Ultra-high risk

BM plasmocytosis$60% [10–12]

SFLC ratio$100 [11, 16]

.1 focal lesion on axial MRI [19, 20]

Abbreviations:BM,bonemarrow;MRI,magnetic resonance imaging;PC,
plasma cell; SFLC, serum free light chain.
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only one of these two criteria. The cumulative probability of
progression (at 15 years) was 87%, 70%, and 39% in groups
1, 2, and 3, respectively.

This group recently identified a group of patients at ultra-
high risk of progression characterized by BMPC infiltration
$60% on BM biopsy: 95% of patients with a BM infiltration
$60% by conventional morphology became symptomatic within
2 years after the diagnosis of SMM, with a median time to
progression of 7 months (Fig. 1A) [11]. Two other studies
confirmed this observation that these patients display a high
risk for imminent progression [12, 13]. Such a high tumor
infiltration is very infrequent (∼3% of SMM cases); neverthe-
less, if observed, both publications suggest considering those
patients as candidates for treatment, rather than waiting
until myeloma-related symptoms develop [11, 12, 14]. These
criteria have been incorporated in the new IMWG recommen-
dations [6].

Serum Free Light Chain Ratio
The risk of progression of MGUS is significantly higher in
patientswithanabnormal serumfree light chain (SFLC) ratio at
presentation [15].Dispenzieri etal. confirmed thisobservation
in SMM [16]: In a cohort of 273 patients, the authors found a
progression rateof 5%per year for individualswithnormal or
close to normal SFLC k/l ratios (0.26–1.65) versus 8.1% per
year in patientswith a severely abnormal SFLC ratio (,0.031
or .32). In multivariate analysis, the most significant
threshold for an abnormal k/l ratio was ,0.125 or .8. In
these patients, the relative risk of progression to MM was
2.3 [16].

A second studyon theprognostic contributionof the SFLC
analysis demonstrated that the progression rate increased
linearly with the SFLC ratio [17]. Of interest, 15% of the
overall cohort of 586 SMM patients had an involved-to-
uninvolvedSFLC ratioof$100.Thepercentageofprogressive
patients among those with a ratio $100 was estimated as
43% after 1 year, 72% after 2 years, and 87% after 3 years
(Fig. 1B) [17]. Also of note, 27% had renal failure as a
myeloma-defining event.

The predictive value for progression to overt myeloma
of an abnormal involved/uninvolved SFLC ratio was con-
firmed by a Greek study based on different biological and
radiological parameters [12]. Multivariate analysis retained
only a SFLC $ 100 and BMPC $ 60% as prognostic factors
[12].These patients also showed a higher risk for developing
AL-amyloidosis.

Imaging Studies
Although the detection of bone lesions on the standard
radiologic skeletal survey defines symptomatic myeloma,
other techniques are more sensitive to detect bone lesions
[18]. Moulopoulos et al. described the presence of BM
abnormalities on magnetic resonance imaging (MRI) of the
dorso-lumbar spine of 38 patients with SMM and reported an
abnormal MRI in 50% of them, which was associated with an
increased risk of progression [19]. More recently, the same
group described the prognostic value of spinal MRI. In their
study, the hazard ratio estimating the risk of progression
in patients with an abnormal MRI was calculated as 5.8,
compared with patients with normalMRI. Five of the eight

patients with an abnormal MRI progressed to symptomatic
MMwithin 18months. In another series of 149 SMMpatients,
Hillengass et al. showed that the presence of$2 focal lesions
on whole-body MRI (wb-MRI) was a prognostic factor for
progression to MM (Fig. 1C) [20]. The median time to
progression was not reached in patients with 0 or 1 focal bone
lesions versus a time to progression of 13 months in those
who had at least 2 lesions [20]. A smaller study on 69 patients
conducted by the Greek Myeloma Group indicated that the
presence of $1 focal lesion in spine MRI was also associated
with a short time to symptomatic disease (median 9 months
vs. .5 years) [21]. The Heidelberg group retrospectively
analyzed the outcome of 63 patientswith SMMthat received
at least two MRIs during their follow-up [22]. Radiological
progression was defined by the appearance of new focal
lesions or a new diffuse infiltration of previously unaffected
regions. Progressive disease was identified in 31 patients
(49%) andwas associated with a 16.5-fold risk of progression
into symptomatic MM compared with patients with a stable
MRI [22] It is important to note that a focal lesion on MRI
reflects the presence of tumor infiltration and is insufficient
for the identification of an osteolytic process. Although the
results on MRI are consistent between different groups
and currently incorporated in the IMWGcriteria of treatment-
requiring events, standardization in interpretation and
reporting of MRI results is required in subsequent studies.
Standardization is also required for the use and implication
of positron emission tomography (PET)/computed tomog-
raphy (CT). In their study on 120 patients with SMM, the
Bologna group reported that PET/CT identified either focal
lesions or a diffuse infiltration in 19 (16%) patients [23].
Patients presenting small osteolytic lesions were excluded
from the study.The probability of progression within 2 and 3
years for patients with positive PET/CT was 58% and 66%,
respectively, as compared with 33% and 42% for negative
patients [23] The Mayo Clinic reported retrospective results
on 122 patients with SMM that underwent PET/CT, finding
that 75% of patients with a positive PET/CT progressed to
active myeloma within 2 years versus 30% with a negative
PET/CT [24].

Surface Molecules Expression by Flow Cytometry
Immunophenotyping by flow cytometry has been developed
to diagnose various hematological malignancies and can
be used to detect monoclonal PCs in patients with MM.
Ocqueteau et al. showed that the proportion of phenotyp-
ically abnormal PCs to normal PCs (.95%) was one of the
most important criteria for the differential diagnosis be-
tweenMGUS andmyeloma [25]. Pérez-Persona et al. showed
that this proportion couldhavean impact on the riskofMGUS
or SMM progression [26]. They reported on a series of 407
patients with MGUS and 93 patients with SMM and found a
significant impact of the preponderance of aberrant PC on
the risk of progression. Patients with $95% aberrant BMPC
had amedian time to symptomatic progression of 34months
versus progression not reached in the case of$5% of normal
BMPC [26]. This definition of high-risk SMM was used to
identify patients at high risk for progression to symptomatic
MM in the prospective Programa Español de Tratamientos
en Hematolog ı́a (PETHEMA) study of lenalidomide and
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dexamethasone (Rd). Unfortunately, flow cytometry to
identify aberrant PC is not uniformly and widely used, but is
eagerly sought to be standardized at various MM centers
worldwide.

Serum Paraprotein Progression
The evolution of disease parameters (such as serum para-
protein or urine paraprotein) after the initial diagnosis could
be an important element in estimating the risk of progressive
SMM. Rosiñol et al. followed 53 patients with SMM and
defined two subpopulations: a population of 22 patientswith
progressive or “evolving” SMM (defined as a progressive
increase of$10% in the paraprotein level at two consecutive
follow-upvisits) andanotherpopulationof 26patientswhose
serumM-spike remainedstable [27].Asexpected, themedian
time to progression was shorter in patients with evolving
SMM (1.3 vs. 3.9 years). Similarly, Landgren et al. retrospec-
tively evaluated 71 patients who developed MM and were
able to detect the presence of a monoclonal gammopathy in
the years preceding the diagnosis of symptomatic MM,
showing a progressive increase in the SFLC levels and the size
of the monoclonal peak [28]. However, the definition of
progressive M-spikes differs among the reported studies,
and small fluctuations of the M-spike (i.e., 65%–10%) are
frequently seen and may also depend on the techniques
used to evaluate the M-spike (e.g., agarose vs. capillary
serum protein electrophoresis). Thus, a continuous trend
over time, rather than a single or fewmeasurements, should
be considered in the evaluation of evolving SMM patients.
An increasing M-component should be taken into account
when one considers starting treatment and may be used
as an additional argument in patients who present with
other relevant risk factors. However, watchful waiting—with
attentive, close follow-up—may also be a possible option
and should be discussed with the SMM patient, especially
with slowly evolving disease, because these patients rarely
present with suddenly explosive progression and devastat-
ing complications. Subsequent analyses are needed to
specifically and even better define these subgroups by
incorporating other valuable biomarkers and to distinguish
slowly evolving patients from those patients requiring an
early treatment.

CytogeneticAbnormalities andGeneExpressionProfile
The presence of certain cytogenetic abnormalities has major
prognostic significance in symptomaticMM. Such cytogenetic
lesions, however, also may occur early in patients with MGUS
or SMM.TheMayo Clinic team studied the prognostic value of
cytogenetics in a cohort of 351 SMM patients and found a
median time to progression of 28 months for patients with
t(4;14) translocation, 34 months in patients with trisomies, and
55 months for other anomalies. The time to progression in
patients with 17p deletion was 24 months [29]. Cytogenetic
abnormalities also determined the OS; indeed, OS after
diagnosis of SMMwas 105months for t(4;14) and 147months
for t(11;14) aberrations [29]. The Heidelberg group confirmed
the prognostic importance of the presence of cytogenetic
abnormalities and added gain of the 1q21 chromosome as a
risk factor for SMM patients [8]. They showed that the 3-year
progression rate was 45% for patients with high-risk aberra-
tions [t(4;14), del17p,11q21] versus 24% in the standard-risk
group. Multivariate analysis indicated that high-risk cytoge-
netics, hyperdiploidy, the percentage of .95% aberrant PCs
(identified by interphase fluorescent in situ hybridization),
and a high tumor mass (based on BMPCs and paraprotein
concentrations) were independent predictors of progression
in SMM patients. These authors elegantly proposed a prog-
nostic model based on paraprotein levels and unfavorable
cytogenetic abnormalities and identified four groups with
different progression-free survival (PFS) [8]. Regarding the
prognostic value of hyperdiploidy in SMM, the Mayo Clinic
assessed theOS of SMMpatients: They observed that patients
presenting with trisomies progressed more rapidly to symp-
tomatic myeloma, but survived approximately as long as
standard-risk patients and much longer than those with
deletion 17p [14]. In the SWOG S0120 trial, gene expression
profiling was introduced to identify additional predictive
markers for SMM progression [9]: A gene-expression score,
based on 70 genes (earlier found to be associated with a high
risk in patients with symptomaticMM), together with a serum
M-protein of.3 g/dL and serumFLC of.25mg/dL, identified
SMM patients with a 70% 2-year risk of progression to MM
requiring therapy [9]. This list of 70 genes could be further
reduced to 4 genes (RRM2 [2p25-p24], DTL [1q32], TMEM48
[1p32.3], and ASPM [1q31]) that were integrated in a prognostic

Figure 1. Risk factors that identified ultra-high-risk smoldering multiple myeloma (SMM). (A): Risk of progression for SMM
patients with bone marrow plasma cells .60% (adapted and reprinted with permission from [11]). (B): Risk of progression for
SMM patients with a free light chain ratio$100 (adapted and reprinted with permission from [17]). (C): Incidence of progression
in SMMpatients according to the number of focal lesions onmagnetic resonance imaging (adapted and reprinted with permission
from [20]).

Abbreviations: BM, bone marrow; MRI, magnetic resonance imaging; sFLC, serum free light chain ratio.
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score and identified a subset of patients (13%) with a 2-year
progression probability of 86% [30].

Circulating Peripheral PCs
Circulating tumor cells can be detected in a small fraction of
newly diagnosed MM patients (,15%) by conventional
morphology, but their rate of detection increases to 50%–70%
oncemore sensitive techniques (i.e., immunohistochemistry or
flowcytometry)areused[31].ThesecirculatingPCsdisseminate
through the bloodstream to distant BM sites. The Mayo Clinic
group evaluated the presence and prognostic significance of
peripheral blood circulating PCs in SMM patients by an
immunofluorescent assay performed on fixed peripheral blood
mononuclear cells [32]. Their study included 91 evaluable
patients, and 14 of them (15%) were found to have high
circulating PCs. The median time to progression (TTP) was 12
versus 57 months for those with high and low circulating PCs
[32]. Although the proposed technique to identify circulating
PCs is not standard practice (and could eventually be
replaced by flow cytometry), the latter analysis showed
that—depending on the amount of cells being assessed
therein—approximately 75% of newly diagnosed and re-
lapsing MM patients show circulating peripheral blood PCs
[33].The lackofbroadly available techniques andclear cut-off
points hamper the implication of this risk factor in daily
routine. The prognostic importance of circulating PCs, how-
ever, should be validated in subsequent analyses to further
assess their value to the diagnostic SMM criteria and risk of
progression.

PROGNOSTIC MODELING

Based on the observations by Kyle et al. [7] and Dispenzieri
et al. [16], the Mayo Clinic team proposed a classification
model(Table2)basedonthefollowingriskfactors:BMPC$10%,
monoclonal protein $3 g/dL, and abnormal SFLC ratio of
,0.125 or .8 (Fig. 2A). In multivariate analysis, each of
these factors independently correlatedwith an increased risk
of progression. The cumulative probability of progression at
5 years was 25%, 51%, and 76%, depending on whether the
patients had 1, 2, or 3 risk factors, with a median time to
progression of 10, 5.1, and 1.9 years, respectively [16].

A second classification model (Table 2) was proposed by
the Spanish group PETHEMA that studied anomalies by flow

cytometry and the presence of immunoparesis (defined as
a decrease by .25% of the level of one of the two other
uninvolved immunoglobulins). Depending on whether pa-
tients had 0, 1, or 2 risk factors, progression rates at 5 years
were 4%, 46%, and 72%, respectively. The median time to
progression was not reached and was reached at 73 months
and 23 months, respectively [26]. Both studies indicated that
theprobabilityofprogressionofpatients in the low-riskgroups
was almost equivalent to MGUS patients (1% per year).

Landgren’s team prospectively evaluated these two risk
models in a series of 77 patients with SMM and was able
to detect a concordant classification in 29% of cases [34],
suggesting that both risk models could be used in a comple-
mentary way, rather than alternatively, and that other bio-
markers (e.g., gene expression profiling, sensitive imaging and
their harmonizedassessment interpretation, cytogenetics, etc.)
should be added to the existing parameters to further improve
this risk assessment.

DIAGNOSIS AND FOLLOW-UP

Based on these clinical findings, the following recommenda-
tions have been proposed. If SMM is suspected, standard
laboratory tests searching for target-organ damage should be
implemented. These include a complete blood count; renal
function with determination of urea, creatinine, albumin, and
total protein levels; serum calcium; serum protein electro-
phoresis (with immunofixation, if it has not yet been per-
formed); and proteinuria in a 24-hour collection to search for
Bence Jones protein. In addition, SFLC analysis, BM cytology
and biopsy, and bone survey should be performed [35]. To
detect myeloma-related bone disease, a more sensitive ra-
diological survey is relevant, such as a wb-MRI, to determine
diffuse versus focal, extramedullary lesions, and extent of BM
infiltration. Depending on local expertise and availability of
MRI, a low-dose whole-body CT may also be considered, al-
though data on the use of this imaging technique in SMM are
incomplete. PET/CT is eagerly used and further assessed in
SMMwithin clinical trials.

Laboratory tests should be repeated after 2–3 months,
thenevery4–6months for1year, and thenevery6–12months,
if the SMM remains stable. A bone survey can be repeated
when a progression is suspected.

Patients with.1 focal lesions on wb-MRI are now defined
as active MM [36]. Ultra-high-risk SMM is now defined by the

Table 2. Riskof progression of smolderingmultiplemyelomapatients according to theMayoClinic and Spanish PETHEMAmodels

Number of risk factors Numberof patients (%) Progressionat5years (%) Risk factors

Mayo Clinic score (n5 273) Bonemarrowplasma cells. 10%;M-protein. 3 g/dL;
free light chain ratio,0.126 or$8

1 76 (25%) 25

2 115 (42) 51

3 82 (30%) 76

PETHEMA score (n5 89) $95% of abnormal bone marrow plasma cells;
immunoparesis

0 28 (31) 4

1 22 (25) 46

2 39 (44) 72

Abbreviation: PETHEMA, Programa Español de Tratamientos en Hematologı́a.
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presence of either a BMPC infiltration of$60%, an abnormal
SFLC ratio $ 100, and .1 focal lesions detected by wb-MRI.
These patients have a .80% probability of progression to
symptomatic disease within 2 years from the diagnosis of
SMM. Because a symptomatic progression may present with
serious complications (e.g., fractures or acute renal failure), it
is recommended that these patients are defined as MM and
offered antimyeloma treatment. Such a treatment aims to
avoid major complications, possibly prolong OS, and improve
the quality of life of MM patients [14]—issues that are
currently and very eagerly evaluated in early intervention
SMM clinical trials.

THERAPEUTIC STRATEGIES
Earlier intervention studies comparing an imminent with a
delayed treatment with oral melphalan and prednisone for
SMM patients could never show any benefit in terms of
response rate, PFS, or OS [37, 38]. After the first reports of its
activity in MM, thalidomide was also evaluated in SMM
patients, and treatment with this agent resulted in partial
responses in ∼35% of the cases, but was associated with a
significant toxicity [39, 40]. The Mayo Clinic recently reported
the results of a randomized trial that compared thalidomide
plus zoledronate versus zoledronate alone in SMM patients
[41]. The response rate was 37% in the thalidomide arm
(whereas no responses were seen in the zoledronate arm),
but there were no significant differences in the TTP to
symptomaticMM (4.3 vs. 3.3 years) or in OS (74% vs. 73% at
5 years) [41]. Earlier trials of bisphosphonate treatment
demonstratedtheabsenceofclearantitumoraleffects,whereas
a strong effect on the bone metabolism was uniformly
described with a significant reduction in the incidence of
skeletal-related events [42–45]. Given the anabolic effects on
bone metabolism, bisphosphonates are recommended for
those SMM patients with osteoporosis identified by dual-
energy x-ray absorptiometry scan in doses used for osteopo-
rosis [46]. Forultra-high-riskSMM,the treatingphysician should
consider using bisphosphonate doses and schedules as with
symptomatic MM [46].

Trying to incorporate agents targeting novel pathways,
anakinra (IL1-b receptor antagonist) was studied in 47 pa-
tients with SMM and resulted in a prolonged PFS [47].
Given the limited side effects and the lenalidomide-sparing
approach, this agent seems interesting, but further trials
are required.

The lack of a clear benefit in terms of PFS and OS in early
clinical trials in SMM may be explained by the fact that most
included limited and unselected SMM patients and did not
focus on (ultra) high-risk patients who may benefit most from
early interventions. Furthermore, the limited activity andpoor
tolerability of either melphalan/prednisone or thalidomide
(without dexamethasone) were significant limitations of
these prior studies. Therefore, the Spanish group PETHEMA
recently published the results of a randomized study com-
paring treatment with Rd with no treatment (observa-
tional arm) in 125 high-risk patients [48]. In the treatment
group, patients received nine cycles of Rd, followed by
lenalidomide maintenance up to 2 years. The average follow-
up period was 40 months. At the end of the induction phase,
79% of patients had a partial response or better, and 28%

achieved at least a very good partial response. After an average
of15maintenance cycles, response rates increasedup to90% in
the Rd treatment group.Themedian time to progression in the
Rd armwas not reached versus 21months in the control group.
A total of 13 patients (23%) progressed to symptomatic disease
in the Rd treatment group versus 47 (76%) in the observational
group.TreatmentalsoprolongedOS,with a projected5-yearOS
of 94% in patientswith Rd versus 78% in the control group.This
prominent study was the first to demonstrate the benefit of
a therapeutic intervention compared with a watch-and-wait
strategy, suggesting that not treating subsets of high-risk
SMMmay be more detrimental than treatment, because renal
failure, skeletal-related events, severe infections, and other ad-
versities may occur. The results and implications for daily prac-
tice were discussed worldwide because of the limited patient
number (however, a larger patient population would have
given similar—or even more significant—differences) and the
addition of dexamethasone during lenalidomide maintenance
in patients presenting an asymptomatic biochemical pro-
gression. The latter was given to fully exploit the therapeutic
possibilities of the initiated lenalidomide treatment, because
thedurationof themaintenancewas limited to2 years after the
warnings of secondary primarymalignancies (SPMs). Results of
the other randomized trials being conducted in high-risk SMM
patients will yield additional information on early treatment in
this patient population.

Of further interest and in linewith the PETHEMA study,Ola
Langren’s group recently reported the results obtainedwith an
induction treatment containing eight cycles with carfilzomib,
lenalidomide, and dexamethasone (KRD), followed by 2 years
of lenalidomidemaintenance [49].This phase 2 study included
12 patients with SMM and 45 patients with symptomatic
MM.OneSMMpatientdiscontinued treatmentafter6months
due to occurrence of a congestive heart failure, possibly related
to carfilzomib. The remaining patients all achieved complete
response with disappearance of minimal residual disease
(assessed by multiparametric flow cytometry and/or detection
of clonal rearrangements by next-generation sequencing).
Deeper responses were observed in patients with SMM than
in patientswith symptomaticMM (complete remission rates of
100% vs. 62%, respectively), and the reported toxicity was
mostly hematological (lymphopenia and thrombocytopenia)
and gastrointestinal, whereas two patients developed non-
melanoma skin cancers as SPMs. These responses are im-
pressive, but longer follow-up and randomized studies with
this regimenare needed. In addition, its financial burdenmay
hamper the introduction of this regimen as a treatment
option for SMM. Other studies that are currently ongoing in
SMM are listed in Table 3.

IMWG DEFINITION OF EARLY MYELOMA

The earlier definition of symptomaticMMrequired the presence
of overt clinical manifestations of serious end-organ damage,
such as osteolytic bone lesions and renal failure. This was
acceptable in an era of limited treatment options and less
sensitive techniques for early detection of organ damage.
However, this approach seems less justifiable with improved
treatment schedules and potentially devastating complica-
tions of the MM (e.g., renal failure with dialysis, vertebral
fracture, or neurological complications). The IMWG therefore
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aimed to identify valid biomarkers that were associated with a
$80% probability of progression toMMwithin 2 years [6].This
threshold would identify a small cohort of SMM patients
(10%–15%) with a median time to development of end-organ
damage of ∼12 months in whom delaying therapy was not
associated with any tangible benefit—and conversely increased
significantly the risk of severe debilitating myeloma-related
complications at the moment myeloma would become symp-
tomatic. The IMWG has thus defined the ultra-high-risk SMM
(also called early myeloma) now as MM with one of the
following biomarkers: a clonal BM plasmocytosis $60%, an
involved/uninvolvedSFLC ratio$100with aminimuminvolved
SFLC level of$100 mg/L, and the presence of.1 focal lesions
onMRI studies (Table 4; Fig. 2) [6].

Traditionally, bone disease has been identified on thebasis
of conventional skeletal radiography. The current disease defini-
tion also includes the presence of osteolytic bone destruction (at
least5mmormore in size) seenonCT (including low-dosewb-CT)
and/or (18)F-fluorodeoxyglucose PET combinedwithCT (PET-CT). In
case of doubt (equivoqual lesions or tiny lesions), the radiological
study should be repeated in 3–6 months before making a
diagnosis of symptomatic MM.

COMMENTS ON THE SMM PRACTICE CHANGE
According to the IMWG, all SMM patients should undergo, in
addition to the conventional assessments, aBMaspirationand
biopsy to quantify malignant PCs, determination of SFLCs,
and wb-MRI. The results and implications for therapy should
then be carefully interpreted and discussed with the pa-
tient. Potential harmful organ complications with significant

long-term morbidity need to be avoided; therefore, the current
SMM-risk definition is a step forward because it allows the
initiation ofearlier antimyeloma therapy. Because the evidence
for improved survivalwith immediate start of therapy presently
is based on one study only, we encourage physicians to offer
these patients participation in one of the ongoing trials. Im-
mediate start of therapy is also an option, but the decision to
treat should include an evaluation of the patient’s general
health status, and,whenever possible, these patients should be
referred tocenters specialized inMMtherapyanddiscussed ina
multidisciplinary MM tumor board [50]. Patients should be
correctly informed about the expected benefits and possible
risks of starting an antimyeloma treatment. Some patients
might decide to delay immediate treatment, arguing that being
without therapy for 1 ormore years is an attractive alternative.
In case of delay, it is important to assess the dynamics of the
MM disease with close follow-up of the laboratory parameters
(initially every month and gradually less frequent, if nonevolving).
Evolving paraprotein levels, additional lesions on follow-up
MRI, or even moderate changes in renal or BM function should
prompt treatment initiation, whereas their lack may comfort
both physicians and patients.

Ideally, high-risk SMM patients should be included in
clinical trials to answerquestionson timing, optimal treatment
regimen, and identification of patients who would benefit
most from these interventions. Existing clinical trials that
investigate single-agent treatments might prove insufficient
in patients presenting with high-risk SMM, whereas specif-
ically studies on the immune surveillance within the BM
microenvironment and those on the molecular monitoring

Figure 2. Proposed algorithm for the management of smoldering multiple myeloma/multiple myeloma (MM) in 2015.
Abbreviations:BM,bonemarrow;BMPC,bonemarrowplasmacell; CRAB,hypercalcemia, radiologicalbone lesions, anemia, andrenal

failure; M-protein, monoclonal protein level quantified by protein electrophoresis; MRI, magnetic resonance imaging; sFLC, serum
involved/uninvolved free light chain ratio.
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are of great interest, especially if these follow the effect of
treatmentondifferentPC clones thatarepresentatdiagnosis
versus follow-up. Ideally, upcoming clinical trials for newly
diagnosed MM patients will incorporate the new IMWG
definition, allowing subgroup analyses for patients present-
ing with one of the biomarkers of ultra-high-risk SMM/early
MM.

Ofnote,thesenewIMWGcriteriadonotaffect themajority
of SMMpatients because 85%–90%do not present with ultra-
high-risk features. These SMM patients are currently moni-
tored without antimyeloma treatment until progression to
MMoccurs. Patientswhodonot present any risk factor should
be followed every 3 months and—if stable and without
symptoms—gradually less frequently. For all SMM patients, it

is important to follow the evolution of the different MM
parameters to have insight into the dynamics of the disease.
Low-risk SMM remains a challenging entity, and further
research should enable us to determine subgroups of patients
with a very low likelihood of progression (∼1% per year),
similar to MGUS patients in which follow-up can be further
delayed. Amanagement algorithm for patients with a suspected
MM is presented in Fig. 2.

CONCLUSION
The introduction of new therapeutic agents and the identifi-
cation of SMM patients at high risk and ultra-high risk of
progression are major advances in the management of
myeloma precursor diseases. With the new IMWG recom-
mendations, ultra-high-risk SMM patients are considered as
MM, allowing us to consider initiation of active antimyeloma
treatment. High-risk SMM patients should be offered clinical
trials testing early interventions, with prudent clinical
judgment being employed in these patients.The regimens that
are currently tested consist of single-agent and multiagent
treatmentoptions.For low-riskSMMpatients,thestandardcare
remains observationuntil developmentof symptomaticMM. In
patients with signs of osteoporosis and in ultra-high-risk
patients, treatment with bisphosphonates should be consid-
ered. In the future,prospective studies are critical for validating,
but also improving, current risks, biomarkers, and prognostic
models and to even better allow us to correctly identify
individuals who would receive the utmost benefit from early
interventions.
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Table 4. Revised definition of MM by the International

Myeloma Working Group

Diagnosis of MM requires the presence of a clonal BM
plasmocytosis ‡10% or biopsy proven plasmacytoma and 1 or
more of the following criteria

Evidence of end organ damage, attributable to the underlying PC
proliferative disorder

Hypercalcemia

Renal insufficiency

Anemia

Bone lesions

Biomarkers of malignancy

Clonal BM PCs$60%

Involved/uninvolved SFLC ratio$100

.1 focal lesions on MRI studies

Abbreviations: BM, bone marrow; MM, multiple myeloma; PC, plasma
cell; SFLC, serum free light chain.

Table 3. Current ongoing trials in smoldering myeloma

Anti-MM agents used Sponsor/institution Number of SMM patients

Lenalidomide vs. observation ECOG 370 high-risk SMM patients

Carfilzomib, lenalidomide, and dexamethasone followed
by autologous SCT

PETHEMA 90 ultra-high-risk SMM patients

Elotuzumab Bristol-Myers Squibb 40 high-risk SMM patients

Elotuzumab, lenalidomide6 dexamethasone Dana-Farber Cancer Institute 82 SMM patients

Daratumumab Janssen 120 SMM patients

Siltuximab Janssen 100 high-risk SMM patients

IPH2101, Anti-KIR antibody NCI, NIH 21 high-risk SMM patients

BI-505, Anti-ICAM1 antibody Bioinvent 20 SMM patients

Bortezomib University of Utah 17 SMM patients

MLN9708 (ixazomib) and dexamethasone NCI, NIH 14 high-risk SMM patients

Green tea extract containing EGCG 81 17 SMM patients

PVX-410 (vaccine against MM surface proteins) OncoPep 13 SMM patients

Celecoxib NCI 36 MGUS and SMM patients

Carfilzomib, lenalidomide, dexamethasone NCI, NIH 30 high-risk SMM patients

TBL-12 (sea cucumber extract) New York University 20 SMM patients

Melphalan followed by ASCT City of Hope 86 SMM and MM patients

Abbreviations: ASCT, autologous stem cell transplant; ECOG, Eastern Cooperative Oncology Group; EGCG, epigallocatechin gallate; MGUS, monoclonal
gammopathyof undetermined significance;NCI, National Cancer Institute; PETHEMA, ProgramaEspañol de Tratamientos enHematologı́a; SCT, stemcell
transplant; SMM, smoldering multiple myeloma.
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