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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 pro por tions of those afflicted at all  stages of the mono
clo nal con tin uum, followed by His panic/LatinX peo ple, whites, 
and those of east Asian descent.7-9 Furthermore, SMM lacks its 
own unique International Classification of Diseases diag nos tic 
code and is instead con sid ered under the diag nos tic umbrella of 
MM.3 In a review of the National Cancer Database in the United 
States, 17% of patients with MM had a diag no sis of SMM.3

Refining and defin ing the diag no sis of SMM
The diag no sis of SMM has been refined over the years (Figure 1). 
Initially in 1980, SMM was defined as 10% or more of bone mar row 
(BM) PC infil trate and/or mono clo nal pro tein (Mpro tein) 3  g/dL 
or higher in the absence of any related endorgan impair ment.1 
The International Myeloma Working Group (IMWG) first for mal
ized a con sen sus defi  ni tion of SMM in 2003.13 However, fur ther 
stud ies iden ti fied a sub set of patients with a high clonal PC 
bur den that rap idly progressed to MM. The pres ence of an ele
vated involved FLC ratio of 100 or higher or BM plasmacytosis of 
60% or more increased risk of pro gres sion from smol der ing to 
symp tom atic MM to 72% and 95% in 2 years, respec tively.11,15 In 
addi tion, MRI emerged to dis tin guish between smol der ing and 
symp tom atic MM; iden ti fi ca tion of 2 or more focal lesions on MRI 
cor re lated with rapid pro gres sion to symp tom atic MM.12,14 There
fore, in 2014, the IMWG revised the MM defi  ni tion 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
te ria (≥60% plasmacytosis, involved FLC ratio ≥100 and involved 
FLC ≥10 mg/dL, or >1 focal lesion on MRI) to include these “ultra
highrisk” patients with SMM.16 18Ffluorodeoxyglucose (18FFDG) 
pos i tron emis sion tomog ra phy (PET)-CT is an established imag
ing modal ity for patients with SMM; dif fuse FDG avid ity with out 
evi dence of focal or osteolytic lesions is nondiagnostic for MM.17,18 
Current SMM diag nos tic cri te ria are shown in Figure 2.

The role of geno mics in under stand ing “who smol ders 
lon ger”
Cytogenetic and genetic pro fil ing of patients with SMM has 
pro vided insight into under stand ing the var i able rates of pro

gres sion.19 Primary cyto ge netic events (tri so mies and immu no
glob u lin heavy chain trans lo ca tions) are incit ing trig gers of the 
aber rant PC in MGUS.20 However, the com plex ity of the geno mic 
evo lu tion from MGUS to MM is being stud ied with wholeexome 
and nextgen er a tion sequenc ing.19,21 Secondary genetic hits such 
as sin glenucle o tide var i ants of the mito genacti vated pro tein 
kinase path way, DNA repair path way alter ations, MYC struc tural 
var i ants/dysregulation, copy num ber alter ations, and trans lo ca
tions occur even at the smol der ing stage, with aspects of the 
geno mic archi tec ture sim i lar to MM (Figure 3).19,22-24 KRAS,  Ig-MYC 
trans lo ca tion, DNA path way alter ations, and APOBEC muta tions 
are some of the geno mic fea tures asso ci ated with shorter time 
to MM pro gres sion.19,22,23 Two main pat terns of clonal evo lu tion 
have been elu ci dated to drive the pro gres sion of SMM.24 Patients 
with a “sta ble” pat tern of evo lu tion have a sim i lar geno mic 
land scape as they prog ress from SMM to MM; essen tially, these 
patients have early MM and develop MDE as the tumor bur den 
increases.24,25 In con trast, in patients with a “branching” evo lu
tion ary pat tern, subclones change sig nifi  cantly as they prog ress 
from SMM to MM, and the time to pro gres sion (TTP) is lon ger 
because of the time required to acquire the genetic aber ra tions 
lead ing to overt MM.19,23-25 Epigenetic changes and con tri bu tion 
of the tumor micro en vi ron ment add fur ther com plex ity to SMM 
pro gres sion.26 Dysregulated immune and cel lu lar com part ments 
are seen early in the MGUS phase.27 The immune aber ra tions con
tinue at the SMM stage, where loss of mem ory T cells, decreased 
expres sion of acti va tion and pro lif er a tion mark ers, and altered 
MHC II gene expres sion by CD14+ mono cytes cre ate an envi ron
ment favor ing can cer eva sion.26-28

Assessing risk of pro gres sion to active MM
Risk strat i fi ca tion in SMM is par tic u larly impor tant to iden tify 
patients with SMM who ben e fit most from treat ment, espe cially 
given poten tial treat mentrelated adverse events and finan
cial impli ca tions. Clinical fea tures asso ci ated with shorter time 
to MM include cir cu lat ing PCs,29 PCs with an aber rant immune 
phe no type30 or a high pro lif er a tive index,31 focal lesions with
out  osteolysis on PET imag ing,17 cyto ge netic mark ers such as 

Kyle and Greipp coin the term 
SMM1

1980

Increased free light chain ratio 
>8 or <0.125 correlated with 

increased risk of progression 
to MM10

2008

SMM with involved free light 
chain ratio >100 identified as 

ultra-high-risk SMM11

2013

>1 focal lesion on spine MRI 
associated with higher risk of 

progression to MM12

2014

First IMWG consensus 
statement on SMM13

2003
IMWG redefines the diagnosis 

of MM and adds new MM 
defining events "SLiM CRAB”

(reflecting ultra-high-risk 
patients with SMM)16

2014
>1 focal lesion on whole-
body MRI associated with 

imminent risk of progression 
to MM14

2010

60% BM plasmacytosis 
defined as upper limit to be 

considered SMM15

2010

Figure 1. Timeline leading to the current diagnosis and management of SMM. CRAB, ChyperCalcemia, RRenal impairment, AAnemia, 
BBone 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, wholebody lowdose 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 singlenucleotide variants, and epigenetic changes. Some of the key highrisk 
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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dele tion 17p or t(4;14),20 immunoparesis,30 and increased serum 
bio mark ers. Common risk strat i fi ca tion mod els (Figure 4) have 
relied on sur ro gate mea sures of tumor bur den for prog nos ti
ca tion. The Mayo Clinic 2018 “20/20/2” model includes serum 
bio mark ers (serum FLC ratio >20, serum mono clo nal pro tein 
>2 g/dL) and BM PC bur den more than 20% as risk fac tors.32 The 
IMWG val i dated the Mayo Clinic 2018 model with a cohort of 
1996 patients, and the 2year risk of pro gres sion to MM or amy
loid osis in low, inter me di ate, and highrisk groups was 6%, 
18%, and 44%, respec tively.33 Risk fac tors in the older PETHEMA 
(Programa de Estudio y Tratamiento de las Hemopatías Maligna)
model include the pres ence of immunoparesis and the per cent
age of PCs with an aber rant immunophenotype.30 However, 
the require ment for mul ti pa ram e ter flow cytom e try makes the 
PETHEMA model dif fi cult to imple ment clin i cally. Although the 
PETHEMA and Mayo Clinic 2018 mod els are used in clin i cal tri
als and prac tice, the clas si fi ca tion of “highrisk” SMM is sig nifi 

cantly dis cor dant between the mod els.34 Therefore, to fur ther 
opti mize risk strat i fi ca tion, the IMWG recently devel oped a risk 
strat i fi ca tion model incor po rat ing highrisk cyto ge netic mark ers 
(t(4;14), t(14;16), gain 1q, mono somy 13/dele tion 13q) and more 
refined cri te ria for risk fac tors included in the Mayo Clinic 2018 
model.33 Using the IMWG 2020 model, inter me di ate and high
risk patients with SMM had a 2year risk of pro gres sion to mye
loma or amy loid osis of 51% and 73%, respec tively.33

A sig nifi  cant lim i ta tion of the PETHEMA and Mayo Clinic 2018 
mod els is that they are applied only at SMM diag no sis and assume 
pro gres sion risk remains con stant over time. However, ret ro spec
tive stud ies have shown that risk of pro gres sion is highest the first 
5 years of SMM diag no sis and then sta bi lizes at 3% to 5% per year 
there af ter.32,35 To account for dif fer ing clin i cal tra jec to ries of SMM, 
mul ti ple groups have attempted to assess risk of pro gres sion based 
on the evo lu tion of bio mark ers over time,36-38 but these scores have 
not been robustly val i dated. Further work is needed to opti mize 

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 5year progression risk of the IMWG 2020 model is extrap
olated from the KaplanMeier curve (figure 4 of the original publication).
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and pro spec tively val i date the risk strat i fi ca tion of SMM. Ideally, 
future risk mod els will incor po rate dynamic changes in tumor bur
den with genetic mark ers that pre dict clonal biol ogy and mark ers 
that char ac ter ize the per mis sive immune micro en vi ron ment.19,23,26

To treat and how to treat, those are the ques tions
Previously, SMM stan dard of care was obser va tion until patients 
devel oped symp tom atic MM. However, the advent of effec tive 
and safe treat ments has chal lenged this sta tus quo. Thus, ques
tions about which patients with SMM to treat and how to treat are 
becom ing increas ingly rel e vant. Multiple early inter ven tion strat e
gies are being inves ti gated: sin gle vs com bi na tion ther apy, lower 
inten sity to delay pro gres sion to MM vs aggres sive multiagent 
ther apy with cura tive intent. A sum mary of published and ongo ing 
phase 2 and 3 tri als is sum ma rized in Tables 1 and 2, respec tively.

The first phase 3 trial for SMM was the QUIREDEX trial, which 
ran dom ized 119 highrisk patients with SMM to either lenalido
mide and dexa meth a sone (Rd) vs obser va tion.39,40 Patients in 
the inter ven tion arm received 9 cycles of Rd induc tion followed 
by lenalidomide main te nance, for a total treat ment dura tion of 
2 years. At a median fol lowup of 75 months, the time to pro gres
sion to symp tom atic MM was not reached with early inter ven
tion com pared with 23 months with obser va tion (haz ard ratio 
[HR], 0.24; 95% CI, 0.14-0.41).40 Overall sur vival (OS), a sec ond
ary end point, was also sig nifi  cantly lon ger with early ther a peu
tic inter ven tion com pared with obser va tion (HR, 0.43; 95% CI, 
0.21-0.92). Although sur vival data are encour ag ing, a few cave
ats need to be con sid ered. The QUIREDEX trial was conducted 
prior to the update in MM diag nos tic cri te ria, so crosssec tional 
imag ing and eval u a tion of FLCs were not required at enroll ment. 

Table 1. Summary of selected phase 2 and 3 stud ies within reported out come data within the past decade

Trial name/date Study design
Criteria for defin ing SMM 
patient inclu sion

Intervention (I) and   
con trol (C) arms Median fol low-up Key out comes

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

Phase 3
Randomized, 

open label

SMM (diag nosed <5 years) 
and either:

•  BM PC ≥10% and Mpro tein 
(IgG ≥3  g/dL, IgA ≥2  g/dL, 
BenceJones pro tein uria 
>1  g/24 h)

•  BM PC ≥10% or Mpro tein 
(defined as above), with 
≥95% aber rant PC and 
immunoparesis (≥1 unin
volved immu no glob u lin 
>25% below LLN)

•  I: Lenalidomide and 
dexa meth a sone 
(n = 57)—Lenalidomide 
25  mg × 21/28 days for  
9 cycles, then 10  mg × 21/28 
days for a 2year 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 
(pro gres sion defined as 
endorgan dam age)

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

Secondary out come—OS
•  Median OS (I vs C): NR in 

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

ECOGACRIN E3A06
Lonial et al (2019)10

Phase 2/3
Randomized, 

open label

SMM (diag nosed <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 pro gres
sion or tox ic ity

• C: Observation (n = 92)

35 months Primary out come—PFS 
(pro gres sion defined as 
bio chem i cal pro gres sion 
in addi tion to endorgan 
dam age):

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

Additional out comes (I vs C):
•  PFS in highrisk 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 (diag nosed <5 years) 
with absence of SLiM or 
CRAB cri te ria and 1 of:

• Serum Mpro tein ≥ 3  g/dL
•  iFLC/uFLC >8 if serum  

Mpro tein 1-3  g/dL
•  Urine Mpro tein 

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

(if iFLC/uFLC between  
8 and 99)

3 arms based on 
daratumumab 16mg/kg IV 
dos ing sched ule:

•  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 
pri mary anal y sis)

CoPrimary endpoint—≥ 
Complete response rate:

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

Progression† (pro gres
sion defined as bio
chem i cal or endorgan 
dam age) or death rate 
per patient year:

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

*Median fol lowup for sur viv ing patients.40

†Progression was defined based on the IMWG 2014 diag nos tic cri te ria for MM, as well as the IMWG FLC pro gres sion cri te ria (a ≥25% increase from 
nadir in the dif fer ence between involved and unin volved FLC with abso lute increase >10  mg/dL).
C, con trol arm; CRAB, ChyperCalcemia, RRenal impairment, AAnemia, BBone lesions related to multiple myeloma; iFLC, involved FLC; I, inter ven
tion arm; IV, intra ve nous; LLN, lower limit of nor mal; NR, not reached; sFLCr, serum FLC ratio; uFLC, unin volved FLC.
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Table 2. Active or planned phase 2 and 3 stud ies for inter me di ate- and high-risk SMM

Study  
(clinicaltrials  .gov  
iden ti fier) Phase

Estimated  
enroll ment

Recruitment 
sta tus

Estimated  
study  
com ple tion  
date Interventions

Primary  
end point

Preliminary effi cacy 
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 dis ease pro
gres sion or unac cept
able tox ic ity)

OS and FACT 
G score  
(qual ityoflife 
mea sure)

—

AQUILA
NCT03301220

Phase 3 
Randomized

390 Active, not 
recruiting

2025 •  Intervention: sub cu ta ne
ous daratumumab

•  Control: obser va tion

PFS —

NCT03850522 Phase 2a 
Single arm

20 Recruiting 2021 •  PDL1 pep tide vac ci
na tion sub cu ta ne ously 
every 2 weeks (total 
26week treat ment 
dura tion)

ORR (≥PR) —

NCT03839459 Phase 2 
Single arm

20 Recruiting 2024 •  Subcutaneous 
Denosumab every 
4 weeks

Reduction in 
SMM risk  
cat e gory

—

ASCENT
NCT03289299

Phase 2 
Single arm

83 Recruiting 2026 •  DKRD × 6 cycles  
(induc tion)

•  DKRD × 6 cycles  
(con sol i da tion)

•  DR × 12 cycles  
(main te nance)

Stringent CR  
at any point  
dur ing  
treat ment

(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 •  DVRD × up to 24 cycles 
(in absence of dis ease 
pro gres sion or tox ic ity)

2y MRD−rate —

NCT04776395 Phase 2 68 Not yet 
recruiting

2023 •  Arm A: Iberdomide + 
dexa meth a sone × 4 
cycles (induc tion) → 
Iberdomide alone until 
dis ease pro gres sion or 
unac cept able tox ic ity

•  Arm B: Iberdomide alone 
until dis ease pro gres sion 
or unac cept able tox ic ity

ORR (≥PR) —

E-PRISM
NCT0227939442

Phase 2 
Single arm

51 Active, not 
recruiting

2023 •  Elotuzumab + Rd × 8 
cycles (induc tion) → 
Elotuzumab + R × cycles 
9-24 (main te nance)

PFS •  Median fol lowup 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 
(induc tion) → Ixazomib + 
R cycles 10-24 (main te
nance)

PFS •  Median 8 cycles  
com pleted (n = 26)

•  No pro gres sion 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 dis ease pro
gres sion or tox ic ity)

ORR (≥PR) •  Median 11.5 cycles  
com pleted (n = 24)

• ORR 62.5%

http://clinicaltrials.gov
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Study  
(clinicaltrials  .gov  
iden ti fier) Phase

Estimated  
enroll ment

Recruitment 
sta tus

Estimated  
study  
com ple tion  
date Interventions

Primary  
end point

Preliminary effi cacy 
data reported

GEM-CESAR
NCT0241541345,46

Phase 2
Single arm

90 Active, not 
recruiting

2027 •  KRD × 6 cycles (induc
tion) → mel pha lan 
con di tion ing and ASCT 
(inten si fi ca tion) → KRD × 2 
cycles (con sol i da tion) 
→ Rd × 2 years (main te
nance)

MRD−NGF (next 
generation 
flow) 
postinduction 
and ASCT

•  Median fol lowup 32 
months (n = 90)

•  MRD−: 30% 
postinduction, 52% 
postASCT, 57% 
postconsolidation

•  MRD− and ≥CR: 23% 
postinduction, 44% 
postASCT, 55% 
postconsolidation

NCT0157248047 Phase 1/2
Single arm

52 Active, not 
recruiting

2025 •  Phase 1: KRD × 8 cycles 
(induc tion) → R alone for 
12 cycles (main te nance)

•  Phase 2: KRD × 8 cycles 
(induc tion) → R alone for 
up to 24 cycles (main te
nance)

MRD−CR (NGF, 
≤10-5 sen si
tiv ity)

•  Median fol lowup 
27.3 months (n = 52)

•  MRD−CR: 70.2 
months

ASCT, autologous stem cell transplant; DKRD, daratumumab, carfilzomib, lenalidomide, and dexa meth a sone; DRD, daratumumab, lenalidomide, and 
dexa meth a sone; DVRD, daratumumab, lenalidomide, dexamethasone; FACTG, functional assessment of cancer therapygeneral; IV, intra ve nous; 
ORR, over all response rate; NGF, next gen er a tion flow; PR, partial response.

Table 2. (continued)

Therefore, patients meet ing the cur rent cri te ria for MM may have 
been included in this study, which may explain the early pro gres
sion in the obser va tion arm. Some experts have raised con cerns 
about early inter ven tion lead ing to selec tion of resis tant PC 
clones. Interestingly, a post hoc anal y sis of QUIREDEX patients 
showed a sim i lar OS from the time of active MM between 
patients ini tially ran dom ized to early inter ven tion vs obser va tion 
strat e gies, suggesting that inter ven tion did not lead to devel op
ment of treat mentresis tant clones.

The ECOG E3A06 phase 3 ran dom ized trial was conducted 
to see if the immunomodulating effects of lenalidomide could 
delay pro gres sion to active mye loma with out addi tional cor ti
co ste roids.10 In this trial, 182 patients with SMM were ran dom ized 
to lenalidomide monotherapy (given until dis ease pro gres sion) 
or obser va tion. Patient accrual began in 2013, thereby includ ing 
a sub set of patients who sat is fied the later updated 2014 cri
te ria for MM (3.3% patients had >60% BM PC involve ment, and 
8.2% had FLC ratio >100). Unlike the QUIREDEX trial, an MRI of 
the spine and pel vis was performed for all  eli gi ble patients. At 
a median fol lowup of 35 months, the pro gres sionfree sur vival 
(PFS) was sig nifi  cantly lon ger with lenalidomide inter ven tion 
com pared with obser va tion (3year PFS 91% vs 66%, respec
tively; HR, 0.28; 95% CI, 0.12-0.62). Importantly, pro gres sion was 
defined as the devel op ment of endorgan dys func tion and did 
not include “SLiM” cri te ria. The improved PFS with lenalidomide 
was observed pri mar ily in the highrisk SMM sub group, which 
con sti tuted 56 (38%) patients over all (27.8% vs 33.7% of patients 
in the lenalidomide and obser va tion arms, respec tively), with an 
HR of 0.09 (95% CI, 0.02-0.44). Importantly, the PFS improve ment 
did not reach sta tis ti cal sig nifi  cance in low to inter me di aterisk 
SMM sub groups. The most com mon MDEs were bone lesions 
or soft tis sue plasmacytomas (n = 14 total, 50% of pro gres sion 
events), followed by ane mia (n = 12, 42.9% of pro gres sion events). 
Whether patients were symp tom atic at the time of pro gres sion 
is unknown, which is rel e vant because treat ment of asymp tom

atic ane mia or bone lesions may not be as clin i cally mean ing ful to 
patients who are oth er wise well. OS data were not mature at the 
time of pub li ca tion, and few deaths had occurred. Therefore, it is 
cur rently unclear if early inter ven tion with lenalidomide results in 
a sur vival ben e fit. Although the study was designed to con tinue 
lenalidomide until pro gres sion or unac cept able tox ic ity, and 
there was no dif fer ence in healthrelated qual ity of life between 
study arms, the median treat ment dura tion was 23 months with 
40% of lenalidomidetreated patients discontinuing ther apy due 
to adverse effects. Grade 3 to 4 hema to logic and nonhemato
logic adverse events occurred in 41% and 28% of treated patients, 
respec tively. Thus, study authors suggested treat ment be lim ited 
to 2 years total. In an oth er wise asymp tom atic patient pop u la
tion, weighing the risks of treat mentrelated tox ic ity against the 
ben e fit of prolonging time to symp tom atic dis ease needs to be 
care fully scru ti nized, espe cially in the absence of OS data.

Carfilzomib, lenalidomide, and dexa meth a sone (KRD)-based  
earlyinter ven tion approaches with reported pre lim i nary data 
have shown deep responses; the GEMCESAR trial reported a 
postconsolidation min i mal resid ual dis ease neg a tive (MRD-) 
rate of 57%, and a nontransplant approach showed an MRD- 
complete response (CR) rate of 70%.45,47 Although these responses 
are prom is ing, the util ity of an MRD end point and impact of acute 
and longterm toxicities of inten sive ther apy remain to be seen.

Given what we know, what is the stan dard of care for SMM?
Presently, for lowrisk SMM, the stan dard of care is active sur veil
lance. The IMWG rec om mends that patients be mon i tored every 
4 months for a year to eval u ate the tra jec tory of bio mark ers, and 
if sta ble, eval u a tions can be increased to 6month inter vals.

Currently, there remains no clear con sen sus regard ing opti
mal man age ment of highrisk SMM. Given the evolv ing defi  ni
tion of MM and het ero ge ne ity of defin ing highrisk SMM between 
 tri als, crosstrial com par i son in SMM stud ies is chal leng ing. Until 
there are clear evi dencebased guide lines, our approach to man
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ag ing highrisk SMM is to rec om mend clin i cal trial enroll ment, 
if avail  able. Based on sig nifi  cant PFS improve ments in highrisk 
patients with SMM and the mor bid ity asso ci ated with active 
MM, we advo cate for early ther a peu tic inter ven tion in highrisk 
patients (those with a 2year pro gres sion risk approx i ma tely 
>50%). The cur rent debate relates to how these patients should 
be treated. We sug gest that highrisk patients with SMM with a 
clearly “evolv ing” clin i cal phe no type (increas ing Mpro teins over 
a short obser va tion period, shown in Figure 5, tra jec tory “B”) 
should be treated as early MM or with reg i mens stud ied in high
risk SMM phase 3 tri als (either fixeddura tion Rd or lenalidomide 
alone) and collecting and stor ing autol o gous stem cells after 4 
to 6 cycles of ther apy. However, for highrisk patients with SMM 
with sta ble Mpro teins (Figure 5, tra jec tory “A”), we rec om mend 
lenalidomide with or with out dexa meth a sone. In all  treat ment 
deci sions, patient pref er ences and comorbidities should be 
care fully eval u ated before ini ti a tion.

Future of SMM
With strides made in defin ing the geno mic land scape of SMM 
and advances in refin ing risk strat i fi ca tion, the future of SMM is 
bright. Still, many ques tions remain unanswered, such as “Is SMM 
in fact just early mye loma?” or “Should all  SMMs be treated?” We 
antic i pate that future pre dic tion and risk strat i fi ca tion cri te ria 
will focus less on tumor bur den and more on geno mic archi tec
ture, clonal pat terns of pro gres sion, and epi ge netic alter ations 

as prog nos tic mark ers. Results from ongo ing tri als of inno va tive 
treat ment com bi na tions and novel ther a peu tic approaches in 
highrisk SMM will pro vide clar ity and trans form the treat ment 
land scape in the near future.

CLINICAL CASE (Con tin ued)
Our patient has 2 risk fac tors (Mpro tein >2 g/dL and BM PC >20%) 
and is “high risk” according to the Mayo Clinic 2018 model. Given 
the high risk of pro gres sion to MM, we discussed the risks and 
ben e fits of begin ning treat ment with Rd. Fifteen months later, he 
remains pro gres sion free, expe ri enc ing min i mal side effects.
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Figure 5. Hypothetical changes in the monoclonal protein 
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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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