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WHAT ’ S NEW IN PLASMA CELL DISORDERS ? 

     Smoldering mul ti ple mye loma: evolv ing 
diag nos tic cri te ria and treat ment strat e gies 
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   The adage for smol der ing mye loma (SMM) has been to observe with out treat ment, until cri te ria for active mul ti ple 
mye loma were sat is fi ed. Defi nitions and risk strat i fi  ca tion mod els have become more sophis ti cated, with prog nos ti ca-
tion tai lored to include high - risk cyto ge net ics as per the most recent International Myeloma Working Group 2020 risk 
model. Moreover, prog ress in defi n ing geno mic evo lu tion and changes in the bone mar row micro en vi ron ment through 
the mono clo nal con tin uum have given insight into the complexities under ly ing the dif fer ent pat terns of pro gres sion 
observed in SMM. Given recent data show ing improved pro gres sion - free sur vival with early inter ven tion in high - risk 
SMM, the cur rent dilemma is focused on how these patients should be treated. This case - based arti cle maps the sig nif-
i cant advance ments made in the diag no sis and risk strat i fi  ca tion of SMM. Data from land mark clin i cal tri als will also be 
discussed, and ongo ing tri als are sum ma rized. Ultimately, we out line our approach to SMM and hope to impart to the 
reader a sound con cept of the cur rent clin i cal man age ment of SMM.  

   LEARNING OBJECTIVES 
   •    Understand the risk strat i fi  ca tion for SMM 
  •    Understand ratio nale for treat ment vs obser va tions and out line the cur rent treat ment options for SMM  

  CLINICAL CASE 
  A 55 ­ year ­ old man pres ents for rou tine eval u a tion and 
found to have ele vated total pro tein on serum chem is try. 
He had no ane mia, renal impair ment, or hyper cal ce mia. A 
serum pro tein elec tro pho re sis and immunofi xation show 
an IgG  κ  mono clo nal pro tein mea sur ing 2.8    g / dL, with a 
 κ  free light chain (FLC) of 40   mg / dL (FLC ratio 17). A com­
puted tomog ra phy (CT) skel e tal sur vey shows no lytic 
lesions, and no osse ous lesions are found on whole ­ body 
mag netic res o nance imag ing (MRI). Bone mar row is nor­
mocellular, with 25 %  plasma cell (PC) involve ment. What is 
his diag no sis, and how would you risk ­ strat ify this patient ?   

 Smoldering mye loma 
 Smoldering mye loma (SMM) is the asymp tom atic inter me­
di ary between mono clo nal gammopathy of unde ter mined 
sig nifi   cance (MGUS) and mul ti ple mye loma (MM). This seem­
ingly indo lent con di tion was fi rst described over 40 years ago 
after 6 patients who sat is fi ed the diag nos tic cri te ria for MM 
remained symp tom free with out  mye loma ­ defi n ing events 

(MDEs) after 5 years of fol low ­ up. 1  The clin i cal course for SMM 
is var i able; some patients remain in the smol der ing indo lent 
phase for years, whereas other patients  prog ress quickly to 
symp tom atic MM. Given the het ero ge ne ity within this group 
of patients, much has been done to bet ter char ac ter ize and 
defi ne SMM, under stand under ly ing geno mic driv ers, and 
risk ­ strat ify patients to iden tify those best served by early 
treat ment approaches. In this arti cle, we focus on updates 
in the diag no sis, risk strat i fi  ca tion, and treat ments for SMM. 

 Challenges in deter min ing true epi de mi  ol ogy 
 The inci dence of SMM increases with age. 2,3  The median 
age of diag no sis is between 62 and 67 years. 2,3  SMM is an 
uncom mon entity, with an esti mated stan dard ized inci­
dence between 0.4 and 0.9 cases per 100 000 peo ple. 2,4

In con trast, MGUS inci dence is esti mated to be 120 and 60 
per 100 000 cases for men and women, respec tively, by age 
50 years, whereas MM inci dence is 7.1 per 100 000 peo ple. 5,6

 Challenges in accu rately deter min ing the epi de mi  ol­
ogy of SMM arise due to its rar ity, underdiagnosis given its 
asymp tom atic nature, and under rep re sen ta tion of  minor i ties 
within pub lic data bases. 7  In gen eral, black peo ple account 
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for higher proportions of those afflicted at all stages of the mono­
clonal continuum, followed by Hispanic/LatinX people, whites, 
and those of east Asian descent.7-9 Furthermore, SMM lacks its 
own unique International Classification of Diseases diagnostic 
code and is instead considered under the diagnostic umbrella of 
MM.3 In a review of the National Cancer Database in the United 
States, 17% of patients with MM had a diagnosis of SMM.3

Refining and defining the diagnosis of SMM
The diagnosis of SMM has been refined over the years (Figure 1). 
Initially in 1980, SMM was defined as 10% or more of bone marrow 
(BM) PC infiltrate and/or monoclonal protein (M-protein) 3  g/dL 
or higher in the absence of any related end-organ impairment.1 
The International Myeloma Working Group (IMWG) first formal­
ized a consensus definition of SMM in 2003.13 However, further 
studies identified a subset of patients with a high clonal PC 
burden that rapidly progressed to MM. The presence of an ele­
vated involved FLC ratio of 100 or higher or BM plasmacytosis of 
60% or more increased risk of progression from smoldering to 
symptomatic MM to 72% and 95% in 2 years, respectively.11,15 In 
addition, MRI emerged to distinguish between smoldering and 
symptomatic MM; identification of 2 or more focal lesions on MRI 
correlated with rapid progression to symptomatic MM.12,14 There­
fore, in 2014, the IMWG revised the MM definition to add “SLiM” 
(S: Sixty [60]% or more clonal plasma cells, Li: Light chains ratio 
involved to uninvolved >100, M: MRI >1 focal lesion on MRI) cri­
teria (≥60% plasmacytosis, involved FLC ratio ≥100 and involved 
FLC ≥10 mg/dL, or >1 focal lesion on MRI) to include these “ultra-
high-risk” patients with SMM.16 18F-fluorodeoxyglucose (18F-FDG) 
positron emission tomography (PET)–CT is an established imag­
ing modality for patients with SMM; diffuse FDG avidity without 
evidence of focal or osteolytic lesions is nondiagnostic for MM.17,18 
Current SMM diagnostic criteria are shown in Figure 2.

The role of genomics in understanding “who smolders 
longer”
Cytogenetic and genetic profiling of patients with SMM has 
provided insight into understanding the variable rates of pro­

gression.19 Primary cytogenetic events (trisomies and immuno­
globulin heavy chain translocations) are inciting triggers of the 
aberrant PC in MGUS.20 However, the complexity of the genomic 
evolution from MGUS to MM is being studied with whole-exome 
and next-generation sequencing.19,21 Secondary genetic hits such 
as single-nucleotide variants of the mitogen-activated protein 
kinase pathway, DNA repair pathway alterations, MYC structural 
variants/dysregulation, copy number alterations, and transloca­
tions occur even at the smoldering stage, with aspects of the 
genomic architecture similar to MM (Figure 3).19,22-24 KRAS, Ig-MYC 
translocation, DNA pathway alterations, and APOBEC mutations 
are some of the genomic features associated with shorter time 
to MM progression.19,22,23 Two main patterns of clonal evolution 
have been elucidated to drive the progression of SMM.24 Patients 
with a “stable” pattern of evolution have a similar genomic 
landscape as they progress from SMM to MM; essentially, these 
patients have early MM and develop MDE as the tumor burden 
increases.24,25 In contrast, in patients with a “branching” evolu­
tionary pattern, subclones change significantly as they progress 
from SMM to MM, and the time to progression (TTP) is longer 
because of the time required to acquire the genetic aberrations 
leading to overt MM.19,23-25 Epigenetic changes and contribution 
of the tumor microenvironment add further complexity to SMM 
progression.26 Dysregulated immune and cellular compartments 
are seen early in the MGUS phase.27 The immune aberrations con­
tinue at the SMM stage, where loss of memory T cells, decreased 
expression of activation and proliferation markers, and altered 
MHC II gene expression by CD14+ monocytes create an environ­
ment favoring cancer evasion.26-28

Assessing risk of progression to active MM
Risk stratification in SMM is particularly important to identify 
patients with SMM who benefit most from treatment, especially 
given potential treatment-related adverse events and finan­
cial implications. Clinical features associated with shorter time 
to MM include circulating PCs,29 PCs with an aberrant immune 
phenotype30 or a high proliferative index,31 focal lesions with­
out osteolysis on PET imaging,17 cytogenetic markers such as 
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Figure 1. Timeline leading to the current diagnosis and management of SMM. CRAB, C-hyperCalcemia, R-Renal impairment, A-Anemia, 
B-Bone lesions related to Multiple Myeloma.
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v

Smoldering Myeloma Multiple Myeloma
Both: 
• Serum M-protein ≥3 g/dL, or urine M-

protein ≥ 500 mg/d or clonal BM PC 10-
60% 

• Absence of myeloma-defining 
events (SLiM CRAB)

Recommended baseline evaluation:
• CBC
• Electrolytes, BUN, creatinine
• Serum and urine electrophoresis and 

immunofixation
• Bone marrow evaluation
• Cross-sectional imaging (WBLDCT, MRI, 

or FDG PET scan)

One of:
• Clonal PC ≥10% in bone marrow or biopsy-proven plasmacytoma 
• Either a myeloma-defining event (“CRAB”) or biomarker of 

malignancy (“SLiM”)

• CRAB:
• Hypercalcemia: Serum calcium >11 mg/dL or >1 mg/dL above 

ULN
• Renal insufficiency: Serum creatinine >2 mg/dL or CrCl <40 

mL/min
• Anemia: Hemoglobin <10 g/dL or >2 g/dL below LLN
• Bone lesions: ≥1 osteolytic lesion (on WBLDCT or PET scan)

• SLiM criteria:
• ≥60% clonal BM PC
• Involved to uninvolved FLC ratio ≥100 and involved FLC ≥10 

mg/dL
• >1 focal lesion on MRI ≥ 5 mm in size  

Risk Stratification 
(Risk scores identified in Figure 4)

Low-intermediate risk High risk

Consider early intervention with:
• Clinical trials
• Lenalidomide and dexamethasone
• Lenalidomide alone

Factors to consider prior to initiating therapy — patient preference 
and comorbidities, financial toxicity, trajectory of M-protein over time 

Observation

Monitoring recommendations:
• Serial SPEP, serum IFE, serum FLC, CBC, serum 

creatinine, serum calcium (every 4 months ×1 year, and 
if stable, then 6 months thereafter)

• Annual bone imaging (WBLDCT or MRI) for 5 years 
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All of:
• Serum M-protein <3 g/dL
• <10% Clonal BM PC (or 

lymphoplasmacytic cells if IgM
M-protein) 

• Absence of end-organ 
damage (SLiM CRAB if non-
IgM M-protein. If IgM M-
protein, anemia, constitutional 
symptoms, hyperviscosity, 
lymphadenopathy, 
hepatosplenomegaly)

MGUS

Figure 2. Diagnostic workup, risk stratification, and management of SMM. BUN, blood urea nitrogen; CBC, complete blood count; 
CrCl, creatinine clearance; IFE, immunofixation; LLN, lower limit of normal; SPEP, serum protein electrophoresis; ULN, upper limit of 
normal; WBLDCT, whole-body low-dose CT.

MGUS Multiple myelomaSmoldering myeloma

Branching

Clonal Advantage 

Primary events:
Hyperdiploidy, or IgH 
translocations (14q23)

Clonal evolution 
patterns 

Key Secondary Events:
• RAS oncogene activation
• MYC overexpression or 

dysregulation
• APOBEC-induced mutations

Stable

Post–germinal 
B cells

Single-nucleotide variants, copy number alterations, 
chromosomal translocations, epigenetic alterations

Changes in the bone marrow  microenvironment

Figure 3. The evolutionary biology leading to SMM. The post–germinal B cell acquires a primary genetic defect at the MGUS stage, 
which triggers a dominant clone. The secondary genetic events that incite the transition to SMM include the development of chro­
mosomal copy number alterations, translocations and single-nucleotide variants, and epigenetic changes. Some of the key high-risk 
secondary genomic events triggering the transition to SMM are RAS oncogene activation, MYC overexpression and dysregulation, and 
APOBEC-mediated mutations. Several theories are proposed for the clonal evolution from MGUS to MM. The dominant theory is the 
branching pattern of evolution, where generations of subclones develop from the parent clone. With stable clonal evolution, there is no 
major change in the clonal architecture throughout the monoclonal continuum to MM. Progressive changes in the stromal and cellular 
compartments of the bone marrow microenvironment facilitate expansion of the plasma cell clone and loss of immune surveillance.
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deletion 17p or t(4;14),20 immunoparesis,30 and increased serum 
biomarkers. Common risk stratification models (Figure 4) have 
relied on surrogate measures of tumor burden for prognosti­
cation. The Mayo Clinic 2018 “20/20/2” model includes serum 
biomarkers (serum FLC ratio >20, serum monoclonal protein 
>2 g/dL) and BM PC burden more than 20% as risk factors.32 The 
IMWG validated the Mayo Clinic 2018 model with a cohort of 
1996 patients, and the 2-year risk of progression to MM or amy­
loidosis in low-, intermediate-, and high-risk groups was 6%, 
18%, and 44%, respectively.33 Risk factors in the older PETHEMA 
(Programa de Estudio y Tratamiento de las Hemopatías Maligna)
model include the presence of immunoparesis and the percent­
age of PCs with an aberrant immunophenotype.30 However, 
the requirement for multiparameter flow cytometry makes the 
PETHEMA model difficult to implement clinically. Although the 
PETHEMA and Mayo Clinic 2018 models are used in clinical tri­
als and practice, the classification of “high-risk” SMM is signifi­

cantly discordant between the models.34 Therefore, to further 
optimize risk stratification, the IMWG recently developed a risk 
stratification model incorporating high-risk cytogenetic markers 
(t(4;14), t(14;16), gain 1q, monosomy 13/deletion 13q) and more 
refined criteria for risk factors included in the Mayo Clinic 2018 
model.33 Using the IMWG 2020 model, intermediate- and high-
risk patients with SMM had a 2-year risk of progression to mye­
loma or amyloidosis of 51% and 73%, respectively.33

A significant limitation of the PETHEMA and Mayo Clinic 2018 
models is that they are applied only at SMM diagnosis and assume 
progression risk remains constant over time. However, retrospec­
tive studies have shown that risk of progression is highest the first 
5 years of SMM diagnosis and then stabilizes at 3% to 5% per year 
thereafter.32,35 To account for differing clinical trajectories of SMM, 
multiple groups have attempted to assess risk of progression based 
on the evolution of biomarkers over time,36-38 but these scores have 
not been robustly validated. Further work is needed to optimize 

Risk factor Score

≥95% aberrant PC within BM PC 
compartment (aberrant phenotypes 
outlined in Blood 2007 publication28)

1

Presence of immunoparesis (defined as 
uninvolved qIg level below the LLN)

1

Risk factor Score

BM PC >20% 1
M-protein >2 g/dL 1
FLC ratio (involved to uninvolved FLC) >20 1

Risk factor Score

FLC ratio (involved to uninvolved FLC)

0-10 0
>10-25 2
>25-40 3
>40 5

M-protein (g/dL)
0-1.5 0
>1.5-3 3
>3 4

BM PC (%)
0-15 0
>15-20 2
>20-30 3
>30-40 5
>40 6

FISH abnormality (t(4;14), t(14;16), +1q, 
del(13q), monosomy 13) 2

Risk category (score) Median TTP

0 NR
1 73 mo
2 23 mo

Risk category 
(score)

Progression risk (%)

2 year 5 year

Low (0) 10 23
Intermediate (1) 26 47
High (≥2) 47 82

PETHEMA Score (2007)

Mayo 20/20/2 Score (2018)

IMWG Score (2020)

Risk category 
(score)

Progression risk (%)

2 year 5 year*

Low (0-4) 4 20
Low-intermediate (5-8) 26 55
Intermediate (9-12) 51 70
High (>12) 73 85

Figure 4. Commonly used risk stratification models in clinical practice. The risk factors and scoring PETHEMA, Mayo Clinic 2018, and 
IMWG 2020 scores are summarized, and the risk of progression based on scoring is outlined. FISH, fluorescence in situ hybridization; 
NR, not reached; PC, plasma cell; qIg, quantitative immunoglobulin. *The 5-year progression risk of the IMWG 2020 model is extrap­
olated from the Kaplan-Meier curve (figure 4 of the original publication).
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and prospectively validate the risk stratification of SMM. Ideally, 
future risk models will incorporate dynamic changes in tumor bur­
den with genetic markers that predict clonal biology and markers 
that characterize the permissive immune microenvironment.19,23,26

To treat and how to treat, those are the questions
Previously, SMM standard of care was observation until patients 
developed symptomatic MM. However, the advent of effective 
and safe treatments has challenged this status quo. Thus, ques­
tions about which patients with SMM to treat and how to treat are 
becoming increasingly relevant. Multiple early intervention strate­
gies are being investigated: single vs combination therapy, lower 
intensity to delay progression to MM vs aggressive multiagent 
therapy with curative intent. A summary of published and ongoing 
phase 2 and 3 trials is summarized in Tables 1 and 2, respectively.

The first phase 3 trial for SMM was the QUIREDEX trial, which 
randomized 119 high-risk patients with SMM to either lenalido­
mide and dexamethasone (Rd) vs observation.39,40 Patients in 
the intervention arm received 9 cycles of Rd induction followed 
by lenalidomide maintenance, for a total treatment duration of 
2 years. At a median follow-up of 75 months, the time to progres­
sion to symptomatic MM was not reached with early interven­
tion compared with 23 months with observation (hazard ratio 
[HR], 0.24; 95% CI, 0.14-0.41).40 Overall survival (OS), a second­
ary end point, was also significantly longer with early therapeu­
tic intervention compared with observation (HR, 0.43; 95% CI, 
0.21-0.92). Although survival data are encouraging, a few cave­
ats need to be considered. The QUIREDEX trial was conducted 
prior to the update in MM diagnostic criteria, so cross-sectional 
imaging and evaluation of FLCs were not required at enrollment. 

Table 1. Summary of selected phase 2 and 3 studies within reported outcome data within the past decade

Trial name/date Study design
Criteria for defining SMM 
patient inclusion

Intervention (I) and  
control (C) arms Median follow-up Key outcomes

QUIREDEX Mateos et 
al (2013, updated 
2016)39,40

Phase 3
Randomized, 

open label

SMM (diagnosed <5 years) 
and either:

• � BM PC ≥10% and M-protein 
(IgG ≥3  g/dL, IgA ≥2  g/dL, 
Bence-Jones proteinuria 
>1  g/24 h)

• � BM PC ≥10% or M-protein 
(defined as above), with 
≥95% aberrant PC and 
immunoparesis (≥1 unin­
volved immunoglobulin 
>25% below LLN)

• � I: Lenalidomide and 
dexamethasone 
(n = 57)—Lenalidomide 
25  mg × 21/28 days for  
9 cycles, then 10  mg × 21/28 
days for a 2-year total dura­
tion. Dexamethasonase 
20mg days 1-4 and days 
12–15 of first 9 cycles and 
days 1-4 at biochemical 
progression.

•  C: Observation (n = 62)

75 months* Primary outcome—TTP 
(progression defined as 
end-organ damage)

• � Median TTP (I vs C): NR 
vs 23 months (HR, 0.24; 
95% CI, 0.14-0.41)

Secondary outcome—OS
• � Median OS (I vs C): NR in 

both groups (HR, 0.43; 
95% CI, 0.21-0.92)

ECOG-ACRIN E3A06
Lonial et al (2019)10

Phase 2/3
Randomized, 

open label

SMM (diagnosed <5 years) 
with ≥10% PCs and abnor­
mal sFLC ratio (<0.26 or 
>1.65)

• � I: Lenalidomide  
(n = 90)—25  mg (days 1-21 
of 28 days), until progres­
sion or toxicity

•  C: Observation (n = 92)

35 months Primary outcome—PFS 
(progression defined as 
biochemical progression 
in addition to end-organ 
damage):

• � 3-year PFS (I vs C)—91% 
vs 66%, (HR, 0.28; 95% 
CI, 0.12-0.65)

Additional outcomes (I vs C):
• � PFS in high-risk SMM sub­

group (n = 56)—HR, 0.09 
(95% CI, 0.02-0.44)

• � OS—HR, 0.46 (95% CI, 
0.08-2.53)

CENTAURUS 
Landgren et al 
(2020)41

Phase 2
Randomized, 

open label

SMM (diagnosed <5 years) 
with absence of SLiM or 
CRAB criteria and 1 of:

•  Serum M-protein ≥ 3  g/dL
• � iFLC/uFLC >8 if serum  

M-protein 1-3  g/dL
• � Urine M-protein 

>500  mg/24   h
• � Serum iFLC ≥100  mg/dL  

(if iFLC/uFLC between  
8 and 99)

3 arms based on 
daratumumab 16-mg/kg IV 
dosing schedule:

• � Intense (n = 41)— 
Q1W × 8, Q2W × 8, Q4W × 8, 
Q8W × 8

• � Intermediate (n = 41)—
Q1W × 8, Q8W × 19

•  Short (n = 41)—Q1W × 8

25.8 months 
(prespecified 
primary analysis)

Co-Primary endpoint—≥ 
Complete response rate:

•  Intense arm—4.9%
•  Intermediate arm—9.8%
• �� Short arm—0%
Co-Primary endpoint—

Progression† (progres­
sion defined as bio­
chemical or end-organ 
damage) or death rate 
per patient year:

•  Intense arm—4.9%
•  Intermediate arm—9.8%
•  Short arm—0%

*Median follow-up for surviving patients.40

†Progression was defined based on the IMWG 2014 diagnostic criteria for MM, as well as the IMWG FLC progression criteria (a ≥25% increase from 
nadir in the difference between involved and uninvolved FLC with absolute increase >10  mg/dL).
C, control arm; CRAB, C-hyperCalcemia, R-Renal impairment, A-Anemia, B-Bone lesions related to multiple myeloma; iFLC, involved FLC; I, interven­
tion arm; IV, intravenous; LLN, lower limit of normal; NR, not reached; sFLCr, serum FLC ratio; uFLC, uninvolved FLC.
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Table 2. Active or planned phase 2 and 3 studies for intermediate- and high-risk SMM

Study  
(clinicaltrials​.gov  
identifier) Phase

Estimated  
enrollment

Recruitment 
status

Estimated  
study  
completion  
date Interventions

Primary  
end point

Preliminary efficacy 
data reported

NCT04270409 Phase 3 
Randomized

300 Recruiting 2033 • � Intervention arm: 
Isatuximab + Rd

• � Control arm: Rd

PFS —

DETER-SMM
NCT03937635

Phase 3 
Randomized

288 Recruiting 2028 • � Intervention arm: DRD
• � Control arm: Rd
• � Both arms treated for 

up to 24 cycles (in the 
absence of disease pro­
gression or unaccept­
able toxicity)

OS and FACT- 
G score  
(quality-of-life 
measure)

—

AQUILA
NCT03301220

Phase 3 
Randomized

390 Active, not 
recruiting

2025 • � Intervention: subcutane­
ous daratumumab

• � Control: observation

PFS —

NCT03850522 Phase 2a 
Single arm

20 Recruiting 2021 • � PD-L1 peptide vacci­
nation subcutaneously 
every 2 weeks (total 
26-week treatment 
duration)

ORR (≥PR) —

NCT03839459 Phase 2 
Single arm

20 Recruiting 2024 • � Subcutaneous 
Denosumab every 
4 weeks

Reduction in 
SMM risk  
category

—

ASCENT
NCT03289299

Phase 2 
Single arm

83 Recruiting 2026 • � D-KRD × 6 cycles  
(induction)

• � D-KRD × 6 cycles  
(consolidation)

• � DR × 12 cycles  
(maintenance)

Stringent CR  
at any point  
during  
treatment

(Only safety data 
reported to date)

HO147SMM
NCT03673826

Phase 2 
Randomized

120 Recruiting 2025 • � Intervention arm: KRD × 9 
cycles → R alone (up to 
24 cycles)

• � Control arm: Rd × 9 
cycles → R alone (up to 
24 cycles)

PFS —

NCT04775550 Phase 2 
Single arm

30 Not yet 
recruiting

2026 • � D-VRD × up to 24 cycles 
(in absence of disease 
progression or toxicity)

2-y MRD−rate —

NCT04776395 Phase 2 68 Not yet 
recruiting

2023 • � Arm A: Iberdomide + 
dexamethasone × 4 
cycles (induction) → 
Iberdomide alone until 
disease progression or 
unacceptable toxicity

• � Arm B: Iberdomide alone 
until disease progression 
or unacceptable toxicity

ORR (≥PR) —

E-PRISM
NCT0227939442

Phase 2 
Single arm

51 Active, not 
recruiting

2023 • � Elotuzumab + Rd × 8 
cycles (induction) → 
Elotuzumab + R × cycles 
9-24 (maintenance)

PFS • � Median follow-up not 
reported (n = 50)

• � PFS data NR
•  ORR 84%, CR 6%

NCT0291677143 Phase 2 
Single arm

55 Active, not 
recruiting

2024 • � Ixazomib + Rd × 9 cycles 
(induction) → Ixazomib + 
R cycles 10-24 (mainte­
nance)

PFS • � Median 8 cycles  
completed (n = 26)

• � No progression to 
date

•  ORR 89%, CR 19%

NCT0296055544 Phase 2 
Single arm

61 Active, not 
recruiting

2022 • � Intervention: isatuximab 
IV × up to 30 cycles (in 
absence of disease pro­
gression or toxicity)

ORR (≥PR) • � Median 11.5 cycles  
completed (n = 24)

•  ORR 62.5%

http://clinicaltrials.gov
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Study  
(clinicaltrials​.gov  
identifier) Phase

Estimated  
enrollment

Recruitment 
status

Estimated  
study  
completion  
date Interventions

Primary  
end point

Preliminary efficacy 
data reported

GEM-CESAR
NCT0241541345,46

Phase 2
Single arm

90 Active, not 
recruiting

2027 • � KRD × 6 cycles (induc­
tion) → melphalan 
conditioning and ASCT 
(intensification) → KRD × 2 
cycles (consolidation) 
→ Rd × 2 years (mainte­
nance)

MRD−NGF (next 
generation 
flow) 
postinduction 
and ASCT

• � Median follow-up 32 
months (n = 90)

• � MRD−: 30% 
postinduction, 52% 
post-ASCT, 57% 
postconsolidation

• � MRD− and ≥CR: 23% 
postinduction, 44% 
post-ASCT, 55% 
postconsolidation

NCT0157248047 Phase 1/2
Single arm

52 Active, not 
recruiting

2025 • � Phase 1: KRD × 8 cycles 
(induction) → R alone for 
12 cycles (maintenance)

• � Phase 2: KRD × 8 cycles 
(induction) → R alone for 
up to 24 cycles (mainte­
nance)

MRD−CR (NGF, 
≤10–5 sensi­
tivity)

• � Median follow-up 
27.3 months (n = 52)

• � MRD−CR: 70.2 
months

ASCT, autologous stem cell transplant; D-KRD, daratumumab, carfilzomib, lenalidomide, and dexamethasone; DRD, daratumumab, lenalidomide, and 
dexamethasone; D-VRD, daratumumab, lenalidomide, dexamethasone; FACT-G, functional assessment of cancer therapy-general; IV, intravenous; 
ORR, overall response rate; NGF, next generation flow; PR, partial response.

Table 2. (continued)

Therefore, patients meeting the current criteria for MM may have 
been included in this study, which may explain the early progres­
sion in the observation arm. Some experts have raised concerns 
about early intervention leading to selection of resistant PC 
clones. Interestingly, a post hoc analysis of QUIREDEX patients 
showed a similar OS from the time of active MM between 
patients initially randomized to early intervention vs observation 
strategies, suggesting that intervention did not lead to develop­
ment of treatment-resistant clones.

The ECOG E3A06 phase 3 randomized trial was conducted 
to see if the immunomodulating effects of lenalidomide could 
delay progression to active myeloma without additional corti­
costeroids.10 In this trial, 182 patients with SMM were randomized 
to lenalidomide monotherapy (given until disease progression) 
or observation. Patient accrual began in 2013, thereby including 
a subset of patients who satisfied the later updated 2014 cri­
teria for MM (3.3% patients had >60% BM PC involvement, and 
8.2% had FLC ratio >100). Unlike the QUIREDEX trial, an MRI of 
the spine and pelvis was performed for all eligible patients. At 
a median follow-up of 35 months, the progression-free survival 
(PFS) was significantly longer with lenalidomide intervention 
compared with observation (3-year PFS 91% vs 66%, respec­
tively; HR, 0.28; 95% CI, 0.12-0.62). Importantly, progression was 
defined as the development of end-organ dysfunction and did 
not include “SLiM” criteria. The improved PFS with lenalidomide 
was observed primarily in the high-risk SMM subgroup, which 
constituted 56 (38%) patients overall (27.8% vs 33.7% of patients 
in the lenalidomide and observation arms, respectively), with an 
HR of 0.09 (95% CI, 0.02-0.44). Importantly, the PFS improvement 
did not reach statistical significance in low- to intermediate-risk 
SMM subgroups. The most common MDEs were bone lesions 
or soft tissue plasmacytomas (n = 14 total, 50% of progression 
events), followed by anemia (n = 12, 42.9% of progression events). 
Whether patients were symptomatic at the time of progression 
is unknown, which is relevant because treatment of asymptom­

atic anemia or bone lesions may not be as clinically meaningful to 
patients who are otherwise well. OS data were not mature at the 
time of publication, and few deaths had occurred. Therefore, it is 
currently unclear if early intervention with lenalidomide results in 
a survival benefit. Although the study was designed to continue 
lenalidomide until progression or unacceptable toxicity, and 
there was no difference in health-related quality of life between 
study arms, the median treatment duration was 23 months with 
40% of lenalidomide-treated patients discontinuing therapy due 
to adverse effects. Grade 3 to 4 hematologic and nonhemato­
logic adverse events occurred in 41% and 28% of treated patients, 
respectively. Thus, study authors suggested treatment be limited 
to 2 years total. In an otherwise asymptomatic patient popula­
tion, weighing the risks of treatment-related toxicity against the 
benefit of prolonging time to symptomatic disease needs to be 
carefully scrutinized, especially in the absence of OS data.

Carfilzomib, lenalidomide, and dexamethasone (KRD)–based  
early-intervention approaches with reported preliminary data 
have shown deep responses; the GEM-CESAR trial reported a 
postconsolidation minimal residual disease negative (MRD–) 
rate of 57%, and a nontransplant approach showed an MRD– 
complete response (CR) rate of 70%.45,47 Although these responses 
are promising, the utility of an MRD end point and impact of acute 
and long-term toxicities of intensive therapy remain to be seen.

Given what we know, what is the standard of care for SMM?
Presently, for low-risk SMM, the standard of care is active surveil­
lance. The IMWG recommends that patients be monitored every 
4 months for a year to evaluate the trajectory of biomarkers, and 
if stable, evaluations can be increased to 6-month intervals.

Currently, there remains no clear consensus regarding opti­
mal management of high-risk SMM. Given the evolving defini­
tion of MM and heterogeneity of defining high-risk SMM between 
trials, cross-trial comparison in SMM studies is challenging. Until 
there are clear evidence-based guidelines, our approach to man­
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aging high-risk SMM is to recommend clinical trial enrollment, 
if available. Based on significant PFS improvements in high-risk 
patients with SMM and the morbidity associated with active 
MM, we advocate for early therapeutic intervention in high-risk 
patients (those with a 2-year progression risk approximately 
>50%). The current debate relates to how these patients should 
be treated. We suggest that high-risk patients with SMM with a 
clearly “evolving” clinical phenotype (increasing M-proteins over 
a short observation period, shown in Figure 5, trajectory “B”) 
should be treated as early MM or with regimens studied in high-
risk SMM phase 3 trials (either fixed-duration Rd or lenalidomide 
alone) and collecting and storing autologous stem cells after 4 
to 6 cycles of therapy. However, for high-risk patients with SMM 
with stable M-proteins (Figure 5, trajectory “A”), we recommend 
lenalidomide with or without dexamethasone. In all treatment 
decisions, patient preferences and comorbidities should be 
carefully evaluated before initiation.

Future of SMM
With strides made in defining the genomic landscape of SMM 
and advances in refining risk stratification, the future of SMM is 
bright. Still, many questions remain unanswered, such as “Is SMM 
in fact just early myeloma?” or “Should all SMMs be treated?” We 
anticipate that future prediction and risk stratification criteria 
will focus less on tumor burden and more on genomic architec­
ture, clonal patterns of progression, and epigenetic alterations 

as prognostic markers. Results from ongoing trials of innovative 
treatment combinations and novel therapeutic approaches in 
high-risk SMM will provide clarity and transform the treatment 
landscape in the near future.

CLINICAL CASE (Continued)
Our patient has 2 risk factors (M-protein >2 g/dL and BM PC >20%) 
and is “high risk” according to the Mayo Clinic 2018 model. Given 
the high risk of progression to MM, we discussed the risks and 
benefits of beginning treatment with Rd. Fifteen months later, he 
remains progression free, experiencing minimal side effects.
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Figure 5. Hypothetical changes in the monoclonal protein 
markers of patients with SMM over time. While there are mul­
tiple possible trajectories that a patient’s biomarkers may take, 
this figure is meant to illustrate that patients may have steady 
increases in the tumor burden, whereas other patients have a 
rapidly “evolving” presentation. Patients in “trajectory B,” with 
rapidly increasing biomarkers, should be considered for early 
therapeutic intervention.
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