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Abstract

Monoclonal Gammopathy of Undetermined Significance 
(MGUS) and Smoldering Myeloma (SMM) describe pre-malignant 
conditions that are defined by the presence of monoclonal immu-
noglobulin production. They are found in up to 3% of individuals 
over the age of 50 with a rate of progression to multiple myeloma 
or other related malignancy of approximately 1% per year. Accurate 
diagnosis and risk-stratification are paramount to prevent end-or-
gan damage and determine follow-up intervals. With the data cur-
rently available, treatment for MGUS is not recommended. Patients 
with newly diagnosed high- risk SMM should be referred to a cen-
tre and therapy with lenalidomide plus/minus dexamethasone for 
2 years or participation in a clinical trial should be discussed.

Manuscript

Monoclonal Gammopathy of Undetermined Significance 
(MGUS) is defined as the presence of a Monoclonal Protein 
(M-protein), which is detected by either serum or urine protein 
electrophoresis, or unexplained Free Light Chain (FLC) excess 
in the absence of a monoclonal Immunoglobulin Heavy chain 
(IgH), with serum monoclonal protein levels <3 g/dL and less 
than 10% clonal plasma cells on bone marrow biopsy [1]. Addi-
tionally, the definition of MGUS requires the absence of symp-
toms of clinical Multiple Myeloma (MM) which entail end-organ 
damage including hypercalcemia, renal dysfunction, anemia, 
and/ or lytic bone disease (CRAB criteria).

Plasma cells are terminally differentiated B-lymphocytes 
which derive from post-germinal center B-cells [2]. Fluores-
cence in Situ Hybridization (FISH) has identified chromosomal 
abnormalities in the development of MGUS such as aneuploidy 
and hyperploidy [3,4]. Translocations involving the IgH locus 
on chromosome 14q32 and one of five partner chromosomes 
have been identified in approximately 50% of patients with 
MGUS [5]. Besides IgH translocations, chromosome abnormali-
ties known to be specific for myeloma have been detected (RB1 
(13q14) deletion, 1q-gain, hyperdiploidy) but their frequency is 
lower in MGUS than in MM [6]. Of note, TP53 and MYC aber-
rations were not discovered which suggests that these events 
could occur later in the course of the disease and may lead to 
MGUS progression to more advanced stages [7].

MGUS is found in approximately 5% of the population 
above the age of 50 but its incidence varies greatly based on 
ethnicity, with higher levels detected in Northern Europe and 

North America compared to those in Asia [8-10]. MGUS is 
significantly more common in black individuals, and more often 
presents with features related to a higher risk of progression 
to MM [11]. The incidence also increases with age ranging at 
3-4% of the population aged 50 to 60 years compared to ap-
proximately 10% among 80 year old individuals [12]. All cases 
of MM evolve from MGUS [13,14]. MGUS progresses to MM or 
a related malignancy at a rate of 1% per year but the exact risk 
is determined by the type and concentration of the M-protein, 
serum FLC ratio, plasma cell infiltration of the bone marrow, 
proportion of clonal plasma cells, and presence of immuno-
paresis. The three major risk factors comprise high serum M-
protein level (≥1.5 g/dL), an abnormal serum FLC ratio (i.e., the 
ratio of affected FLC to unaffected FLC in the serum), and non-
IgG MGUS [15]. Based on this stratification model, the presence 
of all three factors classifies as high-risk MGUS, two factors 
high-intermediate-risk MGUS, one factor low-intermediate- risk 
MGUS, and the absence of all three factors constitutes low-risk 
MGUS. Notably, age, sex, hemoglobin values, serum creatinine, 
serum albumin, hepatosplenomegaly, and quantitative mea-
surements of a monoclonal urinary light chain do not qualify 
as predictors of MGUS progression. Also, earlier onset of MGUS 
does not affect the course of the disease [16]. However, it is 
well known that some patients with MGUS can progress rapidly 
despite their apparent low disease burden [17,18]. The advent 
of newer technologies including low-input Whole-Genome Se-
quencing (WGS) technology allowed to characterize differences 
in the genomic landscape and the acquisition of genomic events 
between clinically stable and progressive cases of MGUS [19]. 
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The distribution of genetic events revealed remarkable differ-
ences and identified 2 biologically and clinically distinct entities 
of asymptomatic MGUS: one entity with a sufficient number 
of genomic events to develop malignant potential and which 
is related to progressive disease and another entity with a 
lower burden of genetic events characterized by a prolonged, 
indolent, and clinically stable course. Thus, WGS has the poten-
tial to precisely distinguish stable from progressive precursor 
conditions in low disease burden states [20].

Screening for MGUS in the general population is not rec-
ommended due to the lack of evidence supporting the clinical 
benefit of early detection [21]. Thus, MGUS is often discovered 
incidentally. Testing for monoclonal protein is regularly per-
formed for signs and symptoms not typically associated with 
lymphoplasmocytic malignancies such as neuropathy, renal dis-
ease, anemia or bone disorders [22]. However, 3 recent obser-
vational studies have concurrently revealed that patients with 
MM and a prior history of MGUS display approximately 15% 
better overall survival when compared with MM patients with-
out previous knowledge of MGUS [23-25]. This suggests that 
an improvement in overall survival was achieved by regular 
clinical follow-up of MGUS which lead to fewer patients with 
symptomatic end-organ damage and, therefore, less morbidity 
at the time of MM diagnosis. Similarly, more recent results from 
the iStopMM study showed that active screening of MGUS pa-
tients helped to identify more patients with progression than by 
following patients under current guidelines [26]. Survival data 
of the trial is not yet mature but until then, screening of high-
risk patients with two or more first-degree relatives diagnosed 
with MM, or other plasma cell dyscrasias like AL-amyloidosis, or 
Waldenstroem’s disease may be beneficial [27].

Despite recent phase 3 trials, there is still insufficient data 
to support intervention in the MGUS setting when considering 
the low risk of progression and the toxicity derived from thera-
pies used for MM. Thus, initiating, disease-specific treatment 
with chemoimmunotherapy or targeted therapy is currently 
not indicated. However, it is indispensable to follow-up patients 
together with laboratory evaluations focused on the individual 
risk of progression. These should include serum protein electro-
phoresis, serum FLC assessment, complete blood count, as 
well as serum calcium and serum creatinine [27]. Routine im-
aging studies and bone marrow assessment should not be per-
formed unless there are signs of clinical or laboratory progres-
sion. The IMWG recommends follow-up for low-risk patients at 
6 months from the date of diagnosis and then every 2–3 years 
if the disease is stable. Patients with higher-risk disease should 
be followed annually after an initial 6-month follow-up from di-
agnosis [21]. As more clinical trials are currently investigating 
daratumumab, cancer vaccines, rifaximin or drug repurposing, 
patients should be referred to a centre and clinical trial 
participation should be discussed [28,29].

Smoldering Multiple Myeloma (SMM) lies between MGUS 
and MM yet is still asymptomatic without CRAB-criteria. It is 
distinguished from MGUS by the M-protein concentration (≥3 
gm/dL) and percentage of clonal plasma cells in the bone mar-
row (10– 60%) [30]. Light chain SMM is a subtype which is 
characterized by monoclonal FLC excess without expression of 
an intact IgH M-protein and by the presence of ≥500 mg/24h of 
monoclonal FLC on urine protein electrophoresis.

SMM can be detected in approximately 0.5% of the popula-
tion above the age of 40 years [31]. It is important to differ-
entiate SMM from MGUS because the risk of progression from 

SMM to MM is 10 times higher than that of MGUS in the first 
5 years after diagnosis with a rate of about 10% per year, 3% 
per year over the next 5 years, and 1.5% per year ther eafter 
[32]. Thus, MGUS and SMM should be counseled and followed 
differently.

With a decreasing risk of progression after diagnosis, SMM 
is currently understood to be a heterogenous entity rather 
than a true intermediate between MGUS and MM [33]. But by 
this definition, SMM would include both patients with MGUS 
and actual MM. Thus, the strategic approach toward SMM has 
changed [34]. To identify SMM patients who will in fact develop 
end-organ damage within 2 years after diagnosis, three bio-
markers (SLiM- criteria) were validated: clonal plasma cells in 
the bone marrow ≥60%, a ratio of involved to uninvolved serum 
FLC ≥100 (provided involved FLC level is ≥100 mg/L), and more 
than 1 focal lesion (5 mm or more in size) on magnetic reso-
nance imaging. Each of these criteria allows classifying patients 
at high risk of progression within 2 years (approximately 80%) 
and was thus considered Myeloma Defining Events (MDE) [30]. 
This approach permitted therapy to be introduced before the 
onset of significant end-organ damage. However, newer data 
suggests that while the FLC ratio ≥100 is related to a high risk 
of progression, it does not indicate an imminent risk, which 
is defined by the IMWG as median time to progression of 12 
months and a 2-year progression rate of at least 80%. Instead, 
it was shown that select patients with an FLC ratio ≥100 can 
be followed for multiple years without developing progressive 
disease. Notably, some never progressed despite long-term fol-
low-up. These findings suggest that the FLC dynamic over time 
as well as other high-risk features should be considered in the 
decision to initiate treatment when the FLC ratio ≥100 is the 
only MDE [35].

Therefore, identifying patients with a 50% risk of progres-
sion within 2 years should be the current goal of stratification 
because these are the patients most likely to have an underly-
ing malignant transformation, and have shown the maximum 
benefit with early intervention in clinical trials. Multiple risk 
stratification models have been proposed [36-41]. To simplify 
these approaches, the Mayo 2018 model employs three 
variables: serum free light chain ratio >20, serum M-protein 
level >2gm/dL, and bone marrow clonal plasma cells >20%. Also 
called 20-2-20 criteria, the presence of 2 or 3 of these factors is 
able to identify patients as high-risk SMM with a median time to 
progression to multiple myeloma of approximately 2 years [42]. 
These patients should be handled like newly diagnosed high-
risk SMM and qualify for clinical trials or early intervention. For 
all other patients considered low-risk by 20-2-20 criteria, obser-
vation remains standard of care. They should be monitored ev-
ery 3–4 months including serum protein electrophoresis, serum 
FLC levels, complete blood count, serum calcium, and serum 
creatinine. If no progression occurs, the follow-up interval can 
be reduced to once every 6 months after the first 5 years [43]. 
Since low-risk SMM patients with 20% or greater bone mar-
row involvement have >90% risk of progression within 2 years, 
treatment should be considered if these patients develop an 
evolving change in monoclonal protein level plus an evolving 
change in hemoglobin [44]. For patients with diffuse infiltration, 
solitary focal lesion, or equivocal lesions on MRI scan, follow-up 
radiographic examination in 3–6 months is recommended [45]. 
If low-risk patients develop criteria for high-risk SMM during 
follow-up, early intervention similar to high-risk SMM should 
be considered.
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If patients are ultimately diagnosed with high-risk SMM, 
therapy should be initiated. While early studies with alkylating 
agents found no significant benefit, a randomized trial compar-
ing thalidomide plus zoledronic acid versus zoledronic acid alone 
showed some promise. However, neither regimen showed a sig-
nificant difference in time to end organ damage [46,47]. Also, 
long-term side effects of thalidomide make it unsuitable for 
extended treatment. Two randomized trials used lenalidomide 
and dexamethasone (Rd) in high-risk SMM and found both time 
to progression to MM and overall survival to be significantly 
longer when compared to observation alone [48,49]. In addi-
tion, lenalidomide as single agent has been shown to prolong 
time to symptomatic MM [50]. Both approaches demonstrated 
a marked 90% reduction in time to end-organ damage. 

Based on these trials, therapy with lenalidomide as single 
agent or Rd for two years should be discussed with newly diag-
nosed high-risk SMM patients. Besides, referral to a centre 
and enrollment in a clinical trial assessing early therapy or 
even intensive therapy with curative intent is recommended 
[51]. To chose between lenalidomide or Rd, patients’ age, co-
morbidities, and tolerance to dexamethasone should be taken 
into account. Also, peripheral blood stem cells should be col-
lected for cryopreservation after approximately 4–6 cycles of 
therapy [52,53].

To Summarize, MGUS and SMM are premalignant conditions 
that precede MM and other plasma cell dyscrasias. Although 
the majority of patients will never develop an aggressive malig-
nancy, accurate risk stratification at diagnosis is indispensable 
in order to determine correct counseling and subsequent moni-
toring. The benefits of screening at risk people are still being 
debated; however, newer data suggests that active screening 
of MGUS patients could identify a higher number of patients at 
risk of progression. With the data currently available, treatment 
for MGUS is not indicated. Treatment of high-risk SMM with 
lenalidomide plus/minus dexamethasone should be discussed 
with the patient, taking into account all risk factors and possible 
side effects, and the patient should be referred to a centre to 
consider enrollment in a clinical trial.

References

1. Rajkumar SV, Dimopoulos MA, Palumbo A, Blade J, Merlini G, 
Mateos MV, et al. International Myeloma Working Group updat-
ed criteria for the diagnosis of multiple myeloma. Lancet Oncol. 
2014; 15: e538-48.

2. D’Souza L, Bhattacharya D. Plasma cells: you are what you eat. 
Immunol Rev. 2019; 288: 161-77.

3. Lakshman A, Paul S, Rajkumar SV, Ketterling RP, Greipp PT, Dis-
penzieri A, et al. Prognostic significance of interphase FISH in 
monoclonal gammopathy of undetermined significance. Leuke-
mia. 2018; 32: 1811-5.

4. Brousseau M, Leleu X, Gerard J, Gastinne T, Godon A, Genevieve 
F, et al. Hyperdiploidy is a common finding in monoclonal gam-
mopathy of undetermined significance and monosomy 13 is re-
stricted to these hyperdiploid patients. Clin Cancer Res. 2007; 
13: 6026-31.

5. Kuehl WM, Bergsagel PL. Multiple myeloma: evolving genetic 
events and host interactions. Nat Rev Cancer. 2002; 2: 175-87.

6. van de Donk NWCJ, Palumbo A, Johnsen HE, Engelhardt M, Gay 
F, Gregersen H, et al. The clinical relevance and management of 
monoclonal gammopathy of undetermined significance and re-

lated disorders: recommendations from the European Myeloma 
Network. Haematologica. 2014; 99: 984-96.

7. Mikulasova A, Wardell CP, Murison A, Boyle EM, Jackson GH, 
Smetana J, et al. The spectrum of somatic mutations in mono-
clonal gammopathy of undetermined significance indicates a 
less complex genomic landscape than that in multiple myeloma. 
Haematologica. 2017; 102: 1617-25.

8. Wu SP, Minter A, Costello R, Zingone A, Lee CK, Au WY, et al. 
MGUS prevalence in an ethnically Chinese population in Hong 
Kong. Blood. 2013; 121: 2363-4.

9. Iwanaga M, Tomonaga M. Prevalence of monoclonal gammopa-
thy of undetermined significance in Asia: a viewpoint from Na-
gasaki atomic bomb survivors. Clin Lymphoma Myeloma Leuk. 
2014; 14: 18-20.

10. Wadhera RK, Rajkumar SV. Prevalence of monoclonal gammop-
athy of undetermined significance: a systematic review. Mayo 
Clin Proc. 2010; 85: 933-42.

11. Landgren O, Graubard BI, Katzmann JA, Kyle RA, Ahmadizadeh 
I, Clark R, et al. Racial disparities in the prevalence of monoclo-
nal gammopathies: a population-based study of 12,482 persons 
from the National Health and Nutritional Examination Survey. 
Leukemia. 2014; 28: 1537-42.

12. Landgren O, Graubard BI, Kumar S, Kyle RA, Katzmann JA, Mu-
rata K, et al. Prevalence of myeloma precursor state monoclonal 
gammopathy of undetermined significance in 12372 individuals 
10-49 years old: a population-based study from the National 
Health and Nutrition Examination Survey. Blood Cancer J. 2017; 
7: e618.

13. Landgren O, Kyle RA, Pfeiffer RM, Katzmann JA, Caporaso NE, 
Hayes RB, et al. Monoclonal gammopathy of undetermined sig-
nificance (MGUS) consistently precedes multiple myeloma: a 
prospective study. Blood. 2009; 113: 5412-7.

14. Weiss BM, Abadie J, Verma P, Howard RS, Kuehl WM. A mono-
clonal gammopathy precedes multiple myeloma in most pa-
tients. Blood. 2009; 113: 5418-22.

15. Rajkumar SV, Kyle RA, Buadi FK. Advances in the diagnosis, clas-
sification, risk stratification, and management of monoclonal 
gammopathy of undetermined significance: implications for re-
categorizing disease entities in the presence of evolving scien-
tific evidence. Mayo Clin Proc. 2010; 85: 945-8.

16. Pang L, Rajkumar SV, Kapoor P, Buadi F, Dispenzieri A, Gertz M, 
et al. Prognosis of young patients with monoclonal gammopathy 
of undetermined significance (MGUS). Blood Cancer J. 2021; 11: 
26.

17. Landgren O, Hofmann JN, McShane CM, Santo L, Hultcrantz M, 
Korde N, et al. Association of immune marker changes with pro-
gression of monoclonal gammopathy of undetermined signifi-
cance to multiple myeloma. JAMA Oncol. 2019; 5: 1293-301.

18. Kyle RA, Remstein ED, Therneau TM, Dispenzieri A, Kurtin PJ, 
Hodnefield JM, et al. Clinical course and prognosis of smolder-
ing (asymptomatic) multiple myeloma. N Engl J Med. 2007; 356: 
2582-90.

19. Oben B, Froyen G, Maclachlan KH, Leongamornlert D, Abascal F, 
Zheng-Lin B, et al. Whole-genome sequencing reveals progres-
sive versus stable myeloma precursor conditions as two distinct 
entities. Nat Commun. 2021; 12: 1861.

20. Landgren O. Advances in MGUS diagnosis, risk stratification, and 
management: introducing myeloma-defining genomic events. 
Hematology Am Soc Hematol Educ Program. 2021; 2021: 662-

https://pubmed.ncbi.nlm.nih.gov/25439696/
https://pubmed.ncbi.nlm.nih.gov/25439696/
https://pubmed.ncbi.nlm.nih.gov/25439696/
https://pubmed.ncbi.nlm.nih.gov/25439696/
https://pubmed.ncbi.nlm.nih.gov/30874356/
https://pubmed.ncbi.nlm.nih.gov/30874356/
https://pubmed.ncbi.nlm.nih.gov/29568092/
https://pubmed.ncbi.nlm.nih.gov/29568092/
https://pubmed.ncbi.nlm.nih.gov/29568092/
https://pubmed.ncbi.nlm.nih.gov/29568092/
https://pubmed.ncbi.nlm.nih.gov/17947464/
https://pubmed.ncbi.nlm.nih.gov/17947464/
https://pubmed.ncbi.nlm.nih.gov/17947464/
https://pubmed.ncbi.nlm.nih.gov/17947464/
https://pubmed.ncbi.nlm.nih.gov/17947464/
https://pubmed.ncbi.nlm.nih.gov/11990854/
https://pubmed.ncbi.nlm.nih.gov/11990854/
https://pubmed.ncbi.nlm.nih.gov/24658815/
https://pubmed.ncbi.nlm.nih.gov/24658815/
https://pubmed.ncbi.nlm.nih.gov/24658815/
https://pubmed.ncbi.nlm.nih.gov/24658815/
https://pubmed.ncbi.nlm.nih.gov/24658815/
https://pubmed.ncbi.nlm.nih.gov/23520330/
https://pubmed.ncbi.nlm.nih.gov/23520330/
https://pubmed.ncbi.nlm.nih.gov/23520330/
https://pubmed.ncbi.nlm.nih.gov/24461807/
https://pubmed.ncbi.nlm.nih.gov/24461807/
https://pubmed.ncbi.nlm.nih.gov/24461807/
https://pubmed.ncbi.nlm.nih.gov/24461807/
https://pubmed.ncbi.nlm.nih.gov/20713974/
https://pubmed.ncbi.nlm.nih.gov/20713974/
https://pubmed.ncbi.nlm.nih.gov/20713974/
https://pubmed.ncbi.nlm.nih.gov/24441287/
https://pubmed.ncbi.nlm.nih.gov/24441287/
https://pubmed.ncbi.nlm.nih.gov/24441287/
https://pubmed.ncbi.nlm.nih.gov/24441287/
https://pubmed.ncbi.nlm.nih.gov/24441287/
https://pubmed.ncbi.nlm.nih.gov/29053158/
https://pubmed.ncbi.nlm.nih.gov/29053158/
https://pubmed.ncbi.nlm.nih.gov/29053158/
https://pubmed.ncbi.nlm.nih.gov/29053158/
https://pubmed.ncbi.nlm.nih.gov/29053158/
https://pubmed.ncbi.nlm.nih.gov/29053158/
https://pubmed.ncbi.nlm.nih.gov/19179464/
https://pubmed.ncbi.nlm.nih.gov/19179464/
https://pubmed.ncbi.nlm.nih.gov/19179464/
https://pubmed.ncbi.nlm.nih.gov/19179464/
https://pubmed.ncbi.nlm.nih.gov/19234139/
https://pubmed.ncbi.nlm.nih.gov/19234139/
https://pubmed.ncbi.nlm.nih.gov/19234139/
https://pubmed.ncbi.nlm.nih.gov/20884827/
https://pubmed.ncbi.nlm.nih.gov/20884827/
https://pubmed.ncbi.nlm.nih.gov/20884827/
https://pubmed.ncbi.nlm.nih.gov/20884827/
https://pubmed.ncbi.nlm.nih.gov/20884827/
https://pubmed.ncbi.nlm.nih.gov/33563898/
https://pubmed.ncbi.nlm.nih.gov/33563898/
https://pubmed.ncbi.nlm.nih.gov/33563898/
https://pubmed.ncbi.nlm.nih.gov/33563898/
https://pubmed.ncbi.nlm.nih.gov/31318385/
https://pubmed.ncbi.nlm.nih.gov/31318385/
https://pubmed.ncbi.nlm.nih.gov/31318385/
https://pubmed.ncbi.nlm.nih.gov/31318385/
https://pubmed.ncbi.nlm.nih.gov/17582068/
https://pubmed.ncbi.nlm.nih.gov/17582068/
https://pubmed.ncbi.nlm.nih.gov/17582068/
https://pubmed.ncbi.nlm.nih.gov/17582068/
https://pubmed.ncbi.nlm.nih.gov/33767199/
https://pubmed.ncbi.nlm.nih.gov/33767199/
https://pubmed.ncbi.nlm.nih.gov/33767199/
https://pubmed.ncbi.nlm.nih.gov/33767199/
https://pubmed.ncbi.nlm.nih.gov/34889381/
https://pubmed.ncbi.nlm.nih.gov/34889381/
https://pubmed.ncbi.nlm.nih.gov/34889381/


Submit your Manuscript | www.austinpublishinggroup.com J Blood Disord 10(3): id1082 (2023) - Page - 04

Austin Publishing Group

72.

21. Kyle RA, Durie BGM, Rajkumar SV, Landgren O, Blade J, Merlini 
G, et al. Monoclonal gammopathy of undetermined significance 
(MGUS) and smoldering (asymptomatic) multiple myeloma: 
IMWG consensus perspectives risk factors for progression and 
guidelines for monitoring and management. Leukemia. 2010; 
24: 1121-7.

22. Ravindran A, Lackore KA, Glasgow AE, Drake MT, Hobbs MA, 
Kourelis T, et al. Monoclonal gammopathy of undetermined sig-
nificance: indications for prediagnostic testing, subsequent di-
agnoses, and follow-up practice at Mayo Clinic. Mayo Clin Proc. 
2020; 95: 944-54.

23. Sigurdardottir EE, Turesson I, Lund SH, Lindqvist EK, Mailankody 
S, Korde N, et al. The role of diagnosis and clinical follow-up of 
monoclonal gammopathy of undetermined significance on sur-
vival in multiple myeloma. JAMA Oncol. 2015; 1: 168-74.

24. Go RS, Gundrum JD, Neuner JM. Determining the clinical sig-
nificance of monoclonal gammopathy of undetermined signifi-
cance: a SEER-Medicare population analysis. Clin Lymphoma 
Myeloma Leuk. 2015; 15: 177-186.e4:e4186.

25. Goyal G, Rajkumar SV, Lacy MQ, Gertz MA, Buadi FK, Dispenzieri 
A, et al. Impact of prior diagnosis of monoclonal gammopathy 
on outcomes in newly diagnosed multiple myeloma. Leukemia. 
2019; 33: 1273-7.

26. Kristinsson SY, Rögnvaldsson S, Thorsteinsdottir S, Reed ER, Os-
karsson JTT, Petursdottir I, et al. Screening for monoclonal gam-
mopathy of undetermined significance: A population-based 
randomized clinical trial. First results from the Iceland Screens, 
treats, or prevents multiple myeloma (iStopMM) study. Blood. 
2021; 138: 156.

27. Go RS, Rajkumar SV. How I manage monoclonal gammopathy of 
undetermined significance. Blood. 2018; 131: 163-73.

28. Ho M, Patel A, Goh CY, Moscvin M, Zhang L, Bianchi G. Chang-
ing paradigms in diagnosis and treatment of monoclonal gam-
mopathy of undetermined significance (MGUS) and smoldering 
multiple myeloma (SMM). Leukemia. 2020; 34: 3111-25.

29. Ryu AJ, Kumar S, Dispenzieri A, Kyle RA, Rajkumar SV, Kingsley 
TC. Artificial intelligence-enabled screening strategy for drug 
repurposing in monoclonal gammopathy of undetermined sig-
nificance. Blood Cancer J. 2023; 13: 28.

30. Rajkumar SV, Dimopoulos MA, Palumbo A, Blade J, Merlini G, 
Mateos MV, et al.. International Myeloma Working Group up-
dated criteria for the diagnosis of multiple myeloma. Lancet On-
col. 2014; 15: e538-48.

31. Thorsteinsdottir S, Gislason GK, Aspelund T, Rögnvaldsson S, 
Oskarsson JTT, Petursdottir I, et al. Prevalence of smoldering 
multiple myeloma: results from the Iceland Screens, Treats, or 
Prevents Multiple myeloma (iStopMM) study. Blood. 2021; 138: 
151.

32. Kyle RA, Remstein ED, Therneau TM, Dispenzieri A, Kurtin PJ, 
Hodnefield JM, et al. Clinical course and prognosis of smolder-
ing (asymptomatic) multiple myeloma. N Engl J Med. 2007; 356: 
2582-90.

33. Rajkumar SV, Kumar S, Lonial S, Mateos MV. Smoldering mul-
tiple myeloma current treatment algorithms. Blood Cancer J. 
2022; 12: 129.

34. Rajkumar SV. Preventive strategies in monoclonal gammopathy 
of undetermined significance and smoldering multiple myelo-
ma. Am J Hematol. 2012; 87: 453-4.

35. Akhlaghi T, Maclachlan K, Korde N, Mailankody S, Lesokhin AM, 
Hassoun H, et al. Evaluating serum-free light chain ratio as a bio-

marker for multiple myeloma. J Clin Oncol. 2022; 40: 8047-.

36. Pérez-Persona E, Vidriales MB, Mateo G, García-Sanz R, Mateos 
MV, de Coca AG, et al. New criteria to identify risk of progres-
sion in monoclonal gammopathy of uncertain significance and 
smoldering multiple myeloma based on multi- parameter flow 
cytometry analysis of bone marrow plasma cells. Blood. 2007; 
110: 2586-92.

37. Rajkumar SV, Gupta V, Fonseca R, Dispenzieri A, Gonsalves WI, 
Larson D, et al. Impact of primary molecular cytogenetic abnor-
malities and risk of progression in smoldering multiple myelo-
ma. Leukemia. 2013; 27: 1738-44.

38. Neben K, Jauch A, Hielscher T, Hillengass J, Lehners N, Seckinger 
A, et al. Progression in smoldering myeloma is independently 
determined by the chromo- somal abnormalities del(17p), 
t(4;14), gain 1q, hyperdiploidy, and tumor load. J Clin Oncol. 
2013; 31: 4325-32.

39. Rosiñol L, Bladé J, Esteve J, Aymerich M, Rozman M, Montoto 
S, et al. Smoldering multiple myeloma: natural history and rec-
ognition of an evolving type. Br J Haematol. 2003; 123: 631-6.

40. Dhodapkar MV, Sexton R, Waheed S, Usmani S, Papanikolaou 
X, Nair B, et al. Clinical, genomic, and imaging predictors of my-
eloma progression from asymp- tomatic monoclonal gammopa-
thies (SWOG S0120). Blood. 2014; 123: 78-85.

41. Hillengass J, Fechtner K, Weber MA, Bäuerle T, Ayyaz S, Heiss C, 
et al. Prognostic significance of focal lesions in whole-body mag-
netic resonance imaging in patients with asymptomatic multiple 
myeloma. J Clin Oncol. 2010; 28: 1606-10.

42. Lakshman A, Rajkumar SV, Buadi FK, Binder M, Gertz MA, Lacy 
MQ, et al. Risk stratification of smoldering multiple myeloma in-
corporating revised IMWG diagnostic criteria. Blood Cancer J. 
2018; 8: 59.

43. Rajkumar SV, Landgren O, Mateos MV. Smoldering multiple my-
eloma. Blood. 2015; 125: 3069-75.

44. Ravi P, Kumar S, Larsen JT, Gonsalves W, Buadi F, Lacy MQ, et 
al. Evolving changes in disease biomarkers and risk of early pro-
gression in smoldering multiple myeloma. Blood Cancer J. 2016; 
6: e454.

45. Merz M, Hielscher T, Wagner B, Sauer S, Shah S, Raab MS, et al. 
Predictive value of longitudinal whole-body magnetic resonance 
imaging in patients with smoldering multiple myeloma. Leuke-
mia. 2014; 28: 1902-8.

46. Hjorth M, Hellquist L, Holmberg E, Magnusson B, Rödjer S, Wes-
tin J. Initial versus deferred melphalan-prednisone therapy for 
asymptomatic multiple myeloma stage I-a randomized study. 
Eur J Haematol. 1993; 50: 95-102.

47. Witzig TE, Laumann KM, Lacy MQ, Hayman SR, Dispenzieri A, 
Kumar S, et al. A phase III randomized trial of thalidomide plus 
zoledronic acid versus zoledronic acid alone in patients with as-
ymptomatic multiple myeloma. Leukemia. 2013; 27: 220-5.

48. Mateos MV, Hernández MT, Giraldo P, de la Rubia J, de Arriba 
F, López Corral LL, et al. Lenalidomide plus dexamethasone for 
high-risk smoldering multiple myeloma. N Engl J Med. 2013; 
369: 438-47.

49. Mateos MV, Hernández MT, Giraldo P, de la Rubia J, de Arriba F, 
Corral LL, et al. Lenalidomide plus dexamethasone versus obser-
vation in patients with high-risk smouldering multiple myeloma 
(QuiRedex): long-term follow-up of a randomised, controlled, 
phase 3 trial. Lancet Oncol. 2016; 17: 1127-36.

50. Lonial S, Jacobus SJ, Weiss M, Kumar S, Orlowski RZ, Kaufman JL, 
et al. E3A06: randomized phase Ill trial of lenalidomide versus 

https://pubmed.ncbi.nlm.nih.gov/34889381/
https://pubmed.ncbi.nlm.nih.gov/20410922/
https://pubmed.ncbi.nlm.nih.gov/20410922/
https://pubmed.ncbi.nlm.nih.gov/20410922/
https://pubmed.ncbi.nlm.nih.gov/20410922/
https://pubmed.ncbi.nlm.nih.gov/20410922/
https://pubmed.ncbi.nlm.nih.gov/20410922/
https://pubmed.ncbi.nlm.nih.gov/32370855/
https://pubmed.ncbi.nlm.nih.gov/32370855/
https://pubmed.ncbi.nlm.nih.gov/32370855/
https://pubmed.ncbi.nlm.nih.gov/32370855/
https://pubmed.ncbi.nlm.nih.gov/32370855/
https://pubmed.ncbi.nlm.nih.gov/26181017/
https://pubmed.ncbi.nlm.nih.gov/26181017/
https://pubmed.ncbi.nlm.nih.gov/26181017/
https://pubmed.ncbi.nlm.nih.gov/26181017/
https://pubmed.ncbi.nlm.nih.gov/30787429/
https://pubmed.ncbi.nlm.nih.gov/30787429/
https://pubmed.ncbi.nlm.nih.gov/30787429/
https://pubmed.ncbi.nlm.nih.gov/30787429/
https://www.sciencedirect.com/science/article/pii/S0006497121021534
https://www.sciencedirect.com/science/article/pii/S0006497121021534
https://www.sciencedirect.com/science/article/pii/S0006497121021534
https://www.sciencedirect.com/science/article/pii/S0006497121021534
https://www.sciencedirect.com/science/article/pii/S0006497121021534
https://www.sciencedirect.com/science/article/pii/S0006497121021534
https://pubmed.ncbi.nlm.nih.gov/29183887/
https://pubmed.ncbi.nlm.nih.gov/29183887/
https://pubmed.ncbi.nlm.nih.gov/33046818/
https://pubmed.ncbi.nlm.nih.gov/33046818/
https://pubmed.ncbi.nlm.nih.gov/33046818/
https://pubmed.ncbi.nlm.nih.gov/33046818/
https://pubmed.ncbi.nlm.nih.gov/36797276/
https://pubmed.ncbi.nlm.nih.gov/36797276/
https://pubmed.ncbi.nlm.nih.gov/36797276/
https://pubmed.ncbi.nlm.nih.gov/36797276/
https://pubmed.ncbi.nlm.nih.gov/25439696/
https://pubmed.ncbi.nlm.nih.gov/25439696/
https://pubmed.ncbi.nlm.nih.gov/25439696/
https://pubmed.ncbi.nlm.nih.gov/25439696/
https://www.sciencedirect.com/science/article/pii/S0006497121021480
https://www.sciencedirect.com/science/article/pii/S0006497121021480
https://www.sciencedirect.com/science/article/pii/S0006497121021480
https://www.sciencedirect.com/science/article/pii/S0006497121021480
https://www.sciencedirect.com/science/article/pii/S0006497121021480
https://pubmed.ncbi.nlm.nih.gov/17582068/
https://pubmed.ncbi.nlm.nih.gov/17582068/
https://pubmed.ncbi.nlm.nih.gov/17582068/
https://pubmed.ncbi.nlm.nih.gov/17582068/
https://pubmed.ncbi.nlm.nih.gov/36064707/
https://pubmed.ncbi.nlm.nih.gov/36064707/
https://pubmed.ncbi.nlm.nih.gov/36064707/
https://pubmed.ncbi.nlm.nih.gov/22488611/
https://pubmed.ncbi.nlm.nih.gov/22488611/
https://pubmed.ncbi.nlm.nih.gov/22488611/
https://ascopubs.org/doi/abs/10.1200/JCO.2022.40.16_suppl.8047
https://ascopubs.org/doi/abs/10.1200/JCO.2022.40.16_suppl.8047
https://ascopubs.org/doi/abs/10.1200/JCO.2022.40.16_suppl.8047
https://pubmed.ncbi.nlm.nih.gov/17576818/
https://pubmed.ncbi.nlm.nih.gov/17576818/
https://pubmed.ncbi.nlm.nih.gov/17576818/
https://pubmed.ncbi.nlm.nih.gov/17576818/
https://pubmed.ncbi.nlm.nih.gov/17576818/
https://pubmed.ncbi.nlm.nih.gov/17576818/
https://pubmed.ncbi.nlm.nih.gov/23515097/
https://pubmed.ncbi.nlm.nih.gov/23515097/
https://pubmed.ncbi.nlm.nih.gov/23515097/
https://pubmed.ncbi.nlm.nih.gov/23515097/
https://pubmed.ncbi.nlm.nih.gov/24145347/
https://pubmed.ncbi.nlm.nih.gov/24145347/
https://pubmed.ncbi.nlm.nih.gov/24145347/
https://pubmed.ncbi.nlm.nih.gov/24145347/
https://pubmed.ncbi.nlm.nih.gov/24145347/
https://pubmed.ncbi.nlm.nih.gov/14616966/
https://pubmed.ncbi.nlm.nih.gov/14616966/
https://pubmed.ncbi.nlm.nih.gov/14616966/
https://pubmed.ncbi.nlm.nih.gov/24144643/
https://pubmed.ncbi.nlm.nih.gov/24144643/
https://pubmed.ncbi.nlm.nih.gov/24144643/
https://pubmed.ncbi.nlm.nih.gov/24144643/
https://pubmed.ncbi.nlm.nih.gov/20177023/
https://pubmed.ncbi.nlm.nih.gov/20177023/
https://pubmed.ncbi.nlm.nih.gov/20177023/
https://pubmed.ncbi.nlm.nih.gov/20177023/
https://pubmed.ncbi.nlm.nih.gov/29895887/
https://pubmed.ncbi.nlm.nih.gov/29895887/
https://pubmed.ncbi.nlm.nih.gov/29895887/
https://pubmed.ncbi.nlm.nih.gov/29895887/
https://pubmed.ncbi.nlm.nih.gov/25838344/
https://pubmed.ncbi.nlm.nih.gov/25838344/
https://pubmed.ncbi.nlm.nih.gov/27471870/
https://pubmed.ncbi.nlm.nih.gov/27471870/
https://pubmed.ncbi.nlm.nih.gov/27471870/
https://pubmed.ncbi.nlm.nih.gov/27471870/
https://pubmed.ncbi.nlm.nih.gov/24535407/
https://pubmed.ncbi.nlm.nih.gov/24535407/
https://pubmed.ncbi.nlm.nih.gov/24535407/
https://pubmed.ncbi.nlm.nih.gov/24535407/
https://pubmed.ncbi.nlm.nih.gov/8440364/
https://pubmed.ncbi.nlm.nih.gov/8440364/
https://pubmed.ncbi.nlm.nih.gov/8440364/
https://pubmed.ncbi.nlm.nih.gov/8440364/
https://pubmed.ncbi.nlm.nih.gov/22902362/
https://pubmed.ncbi.nlm.nih.gov/22902362/
https://pubmed.ncbi.nlm.nih.gov/22902362/
https://pubmed.ncbi.nlm.nih.gov/22902362/
https://pubmed.ncbi.nlm.nih.gov/23902483/
https://pubmed.ncbi.nlm.nih.gov/23902483/
https://pubmed.ncbi.nlm.nih.gov/23902483/
https://pubmed.ncbi.nlm.nih.gov/23902483/
https://pubmed.ncbi.nlm.nih.gov/27402145/
https://pubmed.ncbi.nlm.nih.gov/27402145/
https://pubmed.ncbi.nlm.nih.gov/27402145/
https://pubmed.ncbi.nlm.nih.gov/27402145/
https://pubmed.ncbi.nlm.nih.gov/27402145/
https://ascopubs.org/doi/10.1200/JCO.2019.37.15_suppl.8001https:/doi.org/10.1200/JCO.2019.37.15_suppl.8001
https://ascopubs.org/doi/10.1200/JCO.2019.37.15_suppl.8001https:/doi.org/10.1200/JCO.2019.37.15_suppl.8001


Submit your Manuscript | www.austinpublishinggroup.com J Blood Disord 10(3): id1082 (2023) - Page - 05

Austin Publishing Group

observation alone in patients with asymptomatic high-risk smol-
dering multiple myeloma. J Clin Oncol. 2019; 37: 8001.

51. Mateos M-V, Martinez Lopez J, Rodriguez-Otero P, Ocio EM, 
Gonzalez MS, Oriol A, et al. Curative strategy for high-risk smol-
dering myeloma (GEM-CESAR): carfilzomib, lenalidomide and 
dexamethasone (KRd) as induction followed by HDT- ASCT, con-
solidation with Krd and maintenance with Rd. Blood. 2017; 130: 
402.

52. Tsuda K, Tanimoto T, Komatsu T. Treatment for high-risk smol-

dering myeloma. N Engl J Med. 2013; 369: 1763.

53. Mateos MV, San Miguel JF. Treatment for high-risk smoldering 
myeloma. N Engl J Med. 2013; 369: 1764-5.

https://ascopubs.org/doi/10.1200/JCO.2019.37.15_suppl.8001https:/doi.org/10.1200/JCO.2019.37.15_suppl.8001
https://ascopubs.org/doi/10.1200/JCO.2019.37.15_suppl.8001https:/doi.org/10.1200/JCO.2019.37.15_suppl.8001
https://pubmed.ncbi.nlm.nih.gov/24171528/
https://pubmed.ncbi.nlm.nih.gov/24171528/
https://pubmed.ncbi.nlm.nih.gov/24171526/
https://pubmed.ncbi.nlm.nih.gov/24171526/

	Abstract
	Manuscript
	References

