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WHAT ’ S NEW IN PLASMA CELL DISORDERS ? 

     Advances in MGUS diag no sis, risk strat i fi  ca tion, 
and man age ment: intro duc ing myeloma-defi ning 
genomic events 
     Ola   Landgren  
 Myeloma Program, Sylvester Comprehensive Cancer Center,  University of Miami , Miami, FL 

   In the 1960s, Dr Jan Waldenstr ö m argued that patients who had mono clo nal pro teins with out any symp toms or evi dence 
of end - organ dam age represented a benign mono clo nal gammopathy. In 1978, Dr Robert Kyle intro duced the con cept of 
 “ mono clo nal gammopathy of unde ter mined sig nifi   cance ”  (MGUS) given that, at diag no sis, it was not pos si ble with avail -
able meth ods (ie, serum pro tein elec tro pho re sis to defi ne the con cen tra tion of M - pro teins and micros copy to deter mine 
the plasma cell per cent age in bone mar row aspi rates) to deter mine which patients would ulti mately prog ress to mul ti ple 
mye loma. The appli ca tion of low - input whole - genome sequenc ing (WGS) tech nol ogy has circumvented pre vi ous prob-
lems related to vol ume of clonal plasma cells and con tam i na tion by nor mal plasma cells and allowed for the inter ro ga tion 
of the WGS land scape of MGUS. As discussed in this chap ter, the dis tri bu tion of genetic events reveals strik ing dif fer ences 
and the exis tence of 2 bio log i cally and clin i cally dis tinct enti ties of asymp tom atic mono clo nal gammopathies. Thus, 
we already have geno mic tools to iden tify  “ mye loma - defi n ing geno mic events, ”  and con se quently, it is rea son able to 
con sider updating our pre ferred ter mi nol o gies. When the clin i cal fi eld is ready to move for ward, we should be  able to 
con sol i date cur rent ter mi nol o gies — from cur rent 7 clin i cal categories: low - risk MGUS, inter me di ate - risk MGUS, high - risk 
MGUS, low - risk smol der ing mye loma, inter me di ate - risk smol der ing mye loma, high - risk smol der ing mye loma, and mul ti-
ple mye loma — to future 3 geno mic - based categories: mono clo nal gammopathy, early detection of multiple myeloma (in 
which  mye loma - defi n ing geno mic events already have been acquired), and multiple myeloma (patients who are already 
progressing and clin i cally defi ned cases). Ongoing inves ti ga tions will con tinue to advance the fi eld.  

   LEARNING OBJECTIVES 
   •    Review of cur rent clin i cal risk scores for mye loma pre cur sor con di tions, which are lim ited indi rect mea sures of 

dis ease bur den / activ ity 
  •    Show how low - input WGS reveals strik ing dif fer ences and exis tence of 2 bio log i cally and clin i cally dis tinct enti ties  

  CLINICAL CASE 
  In the begin ning of Jan u ary 2016, a 46 - year - old pre vi ously 
healthy male law yer was apply ing for a new life insur ance 
pol icy. As part of the appli ca tion pro cess, the insur ance 
com pany required a stan dard health ques tion naire and 
lab o ra tory blood tests. The results from the blood work 
showed a nor mal com plete blood count and a nor mal 
com pre hen sive met a bolic panel with the excep tion of an 
ele vated total pro tein of 8.9   g / dL (nor mal ref er ence range, 
6.0 – 8.3   g / dL). The patient was referred to a hema tol o gist, 
who ordered repeat lab o ra tory blood tests, includ ing 
addi tional serum immune assays, to fur ther inves ti gate 
the ele vated total pro tein lev els. The repeated results 

con f rmed nor mal com plete blood count and com pre-
hen sive met a bolic panel, whereas a serum pro tein elec-
tro pho re sis (SPEP) revealed evi dence of a mono clo nal 
band in the gamma region and immunof xation showed 
immu no glob u lin G (IgG)  κ  isotype. The con cen tra tion of 
the mono clo nal (M) – pro tein was deter mined to 0.9   g / dL. 
Quantitative immu no glob u lins showed nor mal IgG, immu-
no glob u lin A (IgA), and immu no glob u lin M (IgM)  lev els. 
Also, serum free light chains (FLCs) were eval u ated, 
and they showed nor mal lev els. Given the low con cen-
tra tion of the M - pro tein, the IgG isotype, the absence 
of an abnor mal FLC ratio, and nor mal IgA (150   mg / dL) 
or IgM (173   mg / dL) con cen tra tions, per cur rent clin i cal 
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 guide lines,1 the  hema tol o gist recommended no bone mar row 
biopsy and no imag ing. Instead, the patient was recommended 
to repeat the bloodwork in 6 months. The patient was given 
the diag no sis of mono clo nal gammopathy of unde ter mined 
sig nif  cance (MGUS), and he was told that the life time risk of 
pro gres sion to mul ti ple mye loma (MM) was very low.

When the patient returned for a fol low-up visit in July 2016, all  
the results were vir tu ally unchanged. Per cur rent clin i cal guide-
lines,1 the hema tol o gist now recommended fol low-up annu ally 
with repeated bloodwork. When the patient returned in July 
2017, the IgG κ M-pro tein had increased to 1.1 g/dL, whereas all  
other results were sim i lar to the year before. The patient had 
no symp toms. In July 2018, he returned for a fol low-up visit, and 
the bloodwork now revealed an IgG κ M-pro tein of 1.4 g/dL. 
The FLC κ lev els were slightly ele vated at 5.3 mg/dL (nor mal 
ref er ence range, 0.33-1.94 mg/dL), FLC λ was 0.8 mg/dL (nor-
mal ref er ence range, 0.57-2.63 mg/dL), and the FLC ratio was 
6.63 (nor mal ref er ence range, 0.26-1.65). Also, the IgM con cen-
tra tion was decreased at 25 mg/dL (nor mal ref er ence range, 
37-286 mg/dL), whereas IgA was within the nor mal ref er ence 
inter val at 78 mg/dL (61-356 mg/dL). Given the grad ual wors-
en ing of serum immune mark ers, the hema tol o gist discussed 
with the patient that he may choose to undergo a bone mar-
row biopsy and imag ing to rule out MM, but the patient asked 
his doc tor if it was totally nec es sary since he felt com pletely 
healthy, ate healthy food, and exer cised sev eral days every 
week. After a lon ger dis cus sion, the patient and the hema tol-
o gist decided to hold off with addi tional test ing and con tinue 
with annual lab o ra tory results.

In June 2019, about 3.5 years after ini tial diag no sis of MGUS, 
the patient came for a visit to review his annual bloodwork. 
Now the SPEP showed an IgG κ M-pro tein of 1.6 g/dL. The FLC κ 
lev els were again ele vated now at 8.6 mg/dL (nor mal ref er ence 
range, 0.33-1.94 mg/dL), FLC λ was 0.5 mg/dL (nor mal ref er ence 
range, 0.57-2.63 mg/dL), and the FLC ratio was 17.2 (nor mal ref-
er ence range, 0.26-1.65). The IgM con cen tra tion was fur ther 
decreased at 18 mg/dL (nor mal ref er ence range, 37-286 mg/dL), 
and IgA was decreased at 40 mg/dL (61-356 mg/dL). Hemoglo-
bin was slightly decreased at 13.2 g/dL (nor mal ref er ence range,  
13.5-17.5 g/dL), whereas all  other lab o ra tory results ( includ ing 
cal cium, cre at i nine, albu min, lac tate  dehy dro ge nase, and β2- 
microglobulin) were nor mal. The hema tol o gist recommended 
the patient to undergo a bone mar row biopsy and a pos i tron 
emis sion tomog ra phy/com puted tomog ra phy to rule out MM. 
Immunohistochemistry staining of the core biopsy spec i men 
showed 30% κ light chain–restricted plasma cells in the bone 
mar row. Also, whole-body pos i tron emis sion tomog ra phy/ 
com puted tomog ra phy revealed a 1.1-cm diam e ter lytic lesion 
in ileum on the right side of the pel vis with an standardized 
uptake value (SUV) of 6.7, a 1.2-cm diam e ter lytic lesion in the 
left femur with a SUV of 8.2, and 2 small (<5 mm diam e ter) 
lytic lesions in the left ffth and sixth ribs with SUVs of 2.5 and 
3.1, respec tively. Fluorescence in situ hybrid iza tion and sin gle-
nucle o tide poly mor phism array test ing of the bone mar row 
aspi rate did not cap ture any high-risk char ac ter is tics. Ten-
color flow cytom e try of the bone mar row aspi rate con frmed 
the immunophenotype of κ light chain–restricted plasma 
cells expressing CD56 and CD117 but neg a tive for CD20. The 
patient was diag nosed with stan dard-risk MM and started 
com bi na tion ther apy 2 weeks later, after he had under gone 

rou tine workup with a clin i cal exam and base line echo car dio-
gram and elec tro car dio gram.

Because most MGUS cases will never prog ress, sta tis ti cally 
speak ing, this patient case illus trates a rel a tively uncom mon sit u-
a tion with pro gres sion to MM within a few years from ini tial MGUS 
diag no sis. However, most phy si cians who mon i tor large num bers 
of patients with MGUS have seen these kinds of cases in their 
clinic. This is reflec tive of the fol low ing 2 facts: (1) most cases 
with MGUS remain sta ble over time, but at the same time, (2) all  
MM cases are con sis tently pre ceded by MGUS (but the major ity 
do not know they had MGUS prior to MM because no test ing was 
done).2 When it comes to cur rent clin i cal risk scores to pre dict 
pro gres sion from MGUS to MM, it is impor tant to empha size that 
today’s risk scores only pro vide the aver age risk of pro gres sion 
for all  indi vid u als with a given score. None of the avail  able risk 
scores pro vide the abso lute risk of pro gres sion for an indi vid-
ual patient. Furthermore, cur rent clin i cal risk scores are based 
on tumor bur den, and they are unable to detect progressors 
among MGUS cases with lower dis ease bur den. Indeed, cur rent 
clin i cal risk scores show that indi vid u als with higher dis ease bur-
den (higher plasma cell per cent age and/or higher serum immune 
marker con cen tra tions) on aver age have a higher prob a bil ity of 
progressing com pared with the aver age indi vid ual with lower 
dis ease bur den. Although lower dis ease bur den has lower risk of 
pro gres sion, just like the above patient case, there are indi vid u als 
with lower dis ease bur den progressing to MM. Conversely, many 
indi vid u als with higher dis ease bur den will never prog ress.

There is an unmet clin i cal need for bet ter assays allowing 
the phy si cian to deter mine the indi vid ual patient’s risk of pro-
gres sion to MM. We do not yet have any such established assays 
avail  able in the clinic. The best tools we have today include lon-
gi tu di nal mon i tor ing and reassessments, as discussed in detail in 
this chap ter. This review addresses cur rent sta tus of sci ence and 
clin i cal man age ment, novel and emerg ing tech nol o gies, recent 
dis cov er ies, and future direc tions.

Initial obser va tions and emer gence of dif fer ent  
schools of thought
Early dis cov ery work focus ing on abnor mal serum pro teins was 
pioneered by Dr Jan Waldenström and col leagues. In 1944, he 
presented his paper “Incipient Myelomatosis or ‘Essential’ Hyper-
globulinemia With Fibrinogenopenia—A New Syndrome?” in 
which he described 3 patients with refrac tory ane mia and bleed-
ing ten dency whose sera exhibited a very high vis cos ity. Walden-
ström spec u lated that a spe cial glob u lin frac tion was the cause 
of the increased vis cos ity, and by ultra cen tri fu ga tion stud ies, 
he was  able to dem on strate that the sera of 2 of these patients 
contained mac ro glob u lins (ie, plasma glob u lins of high molec u-
lar weight)—sub se quently referred to as “Waldenström’s mac ro-
glob u li ne mia.”3 Together with Dr Carl-Bertil Laurell—a world-class 
clin i cal chem ist—Waldenström started explor ing con di tions with 
gammaglobulin derange ments in a sys tem atic man ner, as well as 
clin i cal cor re lates of mono clo nal and poly clonal gammopathies.4 
Through their trans la tional research efforts, they delin eated the 
occur rence and clin i cal sig nif  cance of so-called mono clo nal 
com po nents. Gradually, obser va tions from the lab o ra tory cou-
pled with clin i cal data led to the emer gence of 2 major schools 
of thought. In the 1960s, Waldenström pro posed that there were 
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patients who had mono clo nal (M)–pro teins with out any symp-
toms or evi dence of end-organ dam age, representing a benign 
mono clo nal gammopathy (MG).5-8 Waldenström was of the frm 
belief that benign MG was unre lated to MM. Conversely, the alter-
nate opin ion was that some patients with asymp tom atic mono-
clo nal pro teins nev er the less progressed over time to MM and 
that it was impor tant to not term the pro cess entirely benign. 
In 1978, Dr Robert Kyle published his obser va tions from a ret ro-
spec tive chart review of all  indi vid u als (N = 241) diag nosed with a 
MG at the Mayo Clinic prior to Jan u ary 1, 1971. In brief, among the 
241 cases, he found that after a 5-year fol low-up period, (1) the 
M-pro tein remained sta ble in 137 (57%) patients; (2) the M-pro tein 
increased by 50% or more in 22 (9%) patients; (3) onset of MM, 
Waldenström mac ro glob u li ne mia, or amy loid light chain amy-
loid osis occurred in 27 (11%) patients; and (4) 55 (23%) patients 
died with out 5-year fol low-up serum.6 When he com pared the 
mean M-pro tein con cen tra tion and per cent bone mar row plasma 
cell infl tra tion at base line for the 4 groups, there were no dif fer-
ences (mean con cen tra tions were 1.6-1.8 g/dL and mean plasma 
cell infl tra tion in bone mar row aspi rates was 3%-4% across the 
4 groups).6 Based on these small num bers, Kyle6 observed that 
among indi vid u als with an M-pro tein and who later devel oped 
MM, the size of the mono clo nal peak increased along with symp-
toms prior to onset of MM. Therefore, Kyle argued in his sem i nal 
paper from 1978 that “mono clo nal gammopathy of  unde ter mined 
sig nif  cance” (MGUS) is a bet ter term because one can not tell 
whether the mono clo nal pro tein will remain unchanged or 
whether the patient has an evolv ing MM. The word unde ter
mined was used to reflect that, at diag no sis, it was not pos si ble 
with avail  able meth ods (ie, SPEP to defne the con cen tra tion of 
M-pro teins and micros copy to deter mine the plasma cell per-
cent age in bone mar row aspi rates) to deter mine which patients 
would ulti mately prog ress to MM.

Diagnostic cri te ria and types of abnor mal serum pro teins
The cur rent def  ni tion of MGUS is char ac ter ized by the pres ence 
of M-pro teins or an abnor mal FLC ratio in periph eral blood.1 For 
an indi vid ual to be diag nosed with MGUS, per cur rent def  ni-
tions, the con cen tra tion of the mono clo nal spike (M-spike) has 
to be less than 3 g/dL, and for an indi vid ual to be diag nosed 
with light chain MGUS, the FLC ratio has to be abnor mal (nor-
mal ref er ence for κ/λ FLC ratio, 0.26-1.65), but the involved/ 
unin volved ratio has to be less than 100.9 It should be empha-
sized that ele vated FLC con cen tra tions are not unique to plasma 
cell dis or ders, and a clin i cal inter pre ta tion of the results is always 
required. For exam ple, ele vated FLC lev els can be reflec tive of 
under ly ing renal insuf f ciency, auto im mune con di tions, sys temic 
inflam ma tion, infec tion, and other causes. Furthermore, if the 
indi vid ual undergoes a bone mar row biopsy, based on cur rent 
diag nos tic cri te ria, the plasma cell involve ment of the bone 
mar row must be less than 10%.1 Last, the clin i cal workup must 
be neg a tive for evi dence of end-organ dam age from plasma 
cell dys cra sia, hyper cal ce mia, ane mia, renal fail ure, lytic bone 
lesions, or mul ti ple (2 or more) focal lesions in the skel e ton by 
mag netic res o nance imag ing.9 If 1 or more of those abnor mal-
i ties are iden ti fed, unless there is another expla na tion for the 
abnor mal ity (eg, ane mia due to bleed ing, renal fail ure due to 
car dio vas cu lar dis ease), then the patient would be diag nosed 
with MM. If none of the above-listed abnor mal i ties are pres ent, 
but the M-spike is 3 g/dL or more and/or there is over 10% (but 

less than 60%) plasma cells in the bone mar row; then, based on 
cur rent cri te ria, the diag no sis would be smol der ing mye loma.1,9

Using a com bi na tion of serum-based pro tein assays (SPEP, 
immunofxation, and serum FLC assays), MGUS cases can be 
clas si fed based on the isotype of M-pro teins pres ent. So-called 
non-IgM MGUS is the most com mon type and is defned by the 
pres ence of IgG, IgA, and, rarely, immu no glob u lin D or immu no-
glob u lin E M-pro teins.10 IgM MGUS is defned by the pres ence of 
IgM M-pro teins.11 Light chain MGUS is defned by an abnor mal FLC 
ratio, indi cat ing an excess of mono clo nal FLCs in the absence of 
M-pro teins.12 Non-IgM MGUS and light chain MGUS are caused by 
mono clo nal bone mar row plasma cells, and they are pre cur sors 
of MM.2 IgM MGUS is com monly caused by mono clo nal lymph-
oplasmacytic cells and is a pre cur sor to other lymphoprolifera-
tive dis or ders, most nota bly Waldenström mac ro glob u li ne mia, 
chronic lym pho cytic leu ke mia, and, only in very rare instances 
(<0.5%), MM.11 In addi tion, MGUS of all  types, espe cially λ light 
chain MGUS, can pre cede amy loid light chain amy loid osis.13 It 
should be noted that in the gen eral MM pop u la tion, around 80% 
of patients have an M-pro tein and approx i ma tely 20% have light 
chain secre tory MM (ie, with out evi dence of an M-pro tein).14 
Among patients with MM who have an M-pro tein, most of them 
also have an abnor mal FLC ratio caused by over pro duc tion of 
either κ or λ FLCs.14 Among patients diag nosed with MGUS with 
an M-spike, around 30% also have an abnor mal FLC ratio.15

Epidemiologic stud ies: novel insights
In ret ro spec tive stud ies with long-term fol low-up, Kyle et al10 
and oth ers16 have reported 0.5% to 1.0% annual aver age risk of 
pro gres sion from MGUS to MM. Importantly, most ret ro spec tive 
stud ies seek ing to iden tify risk fac tors for pro gres sion are based 
on sta tis ti cal mod els using risk fac tor data from a sin gle time 
point (usu ally the ini tial workup).10,16 Data from this kind of mod-
el ing have been used to develop clin i cal con sen sus guide lines 
recommending annual periph eral blood mon i tor ing of serum 
pro tein mark ers and other assays for patients with inter me di ate-
risk and high-risk MGUS.1 Inspired by the obser va tions by Kyle 
in 1978,6 a few smaller ret ro spec tive stud ies17,18 have pro posed 
evolv ing changes in M-pro tein lev els are asso ci ated with pro-
gres sion to MM. However, in clin i cal prac tice, most patients are 
typ i cally coun seled based on their risk pro fle cap tured at ini tial 
workup. Regarding cases with light chain MGUS, there is only lim-
ited infor ma tion avail  able regard ing the risk of pro gres sion from 
light chain MGUS to light chain MM, and con se quently, clin i cal 
guide lines for this con di tion are lacking.12 However, the big gest 
lim i ta tion of defn ing risk in this fash ion is lead-time bias because 
there are no pri mary care screen ing guide lines. Therefore, 
patients are often found to have MGUS after an inci den tal rou tine 
lab o ra tory fnd ing (eg, as part of the workup for ele vated total 
pro tein). Alternatively, patients may be diag nosed with MGUS 
after a workup for non-mye loma-defn ing signs/symp toms (eg, 
unex plained periph eral neu rop a thy or slight increase in serum 
cre at i nine).

In 2009, the frst pro spec tive pop u la tion-based MGUS screen-
ing study was published. Using stored periph eral blood sam-
ples that were col lected as part of the large (N = 77 469) National 
Cancer Institute Prostate, Lung, Colorectal, and Ovarian Cancer 
Screening Trial (NCI PLCO), this large study was  able to show 
that MM is con sis tently pre ceded by the MGUS pre cur sor stage.2 
This impor tant obser va tion defn i tively links MM to its  pre cur sor 
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dis ease. This study has set the stage for future inves ti ga tions 
seek ing to defne molec u lar mech a nisms of pro gres sion as well 
as efforts designed to develop clin i cal bio mark ers.

In 2019, a lon gi tu di nal fol low-up study, also based on the NCI 
PLCO trial, inves ti gated dynam ics of serum immune mark ers 
(includ ing mono clo nal pro teins, FLCs, and quan ti ta tive immu no-
glob u lins) in indi vid u als with MGUS.19 The fol low-up study pro-
vided novel insights by illus trat ing that an indi vid ual patient’s risk 
of pro gres sion from MGUS to MM is not con stant. For indi vid u als 
with light chain MGUS, the same pat terns were observed. The 
2019 study was based on pro spec tively col lected annual sam-
ples and showed that indi vid ual patients’ clin i cal risk categories 
could con vert from lower to a higher risk over time. Indeed, the 
data show how low-risk or inter me di ate-risk MGUS cases can 
con vert into high-risk MGUS and prog ress to MM within 5 years. 
For indi vid u als with light chain MGUS, the same con ver sion pat-
terns were observed. These fnd ings are clin i cally impor tant and 
sup port the appli ca tion of annual fol low-up vis its with blood 
test ing and reassessment of a patient’s clin i cal risk sta tus as 
derived from serum immune mark ers in periph eral blood. This is 
true for all  indi vid u als diag nosed with MGUS or light chain MGUS.

In the lon gi tu di nal fol low-up NCI PLCO study,19 frst, a cross-
sec tional marker anal y sis was conducted. In the sta tis ti cal 
model, serum immune mark ers pro posed in pre vi ous stud ies 
were included.10,16 The risk of pro gres sion in asso ci a tion with 
each marker was ana lyzed using the prediagnostic mea sure-
ments from the time point most prox i mal to the MM diag no sis 
date. Second, a lon gi tu di nal anal y sis was car ried out to defne 
pat terns of serum marker changes. A scor ing sys tem was devel-
oped based on accu mu lated points by using the results from the 
cross-sec tional ana ly ses. For MGUS, the fol low ing var i ables were 
defned as risk fac tors for pro gres sion (Table 1): M-spike con-
cen tra tion of 1.5 g/dL or more (1 point), M-spike with IgA isotype  
(1 point), serum FLC ratio less than 0.1 or more than 10 (1 point), 
and immunoparesis (≥1 unin volved immu no glob u lin below lower 

limit of nor mal; 1-2 points). For the frst time, a scor ing sys tem 
was devel oped for light chain MGUS. For light chain MGUS, the 
fol low ing var i ables were defned as risk fac tors for pro gres sion: 
serum FLC ratio less than 0.1 or more than 10 (1 point) and immu-
noparesis (1, 2, or 3 points) (Table 1). The score was defned as 
the total (accu mu lated) num ber of points assigned to risk fac-
tors for each indi vid ual blood sam ple. The scores were defned 
as fol lows (Table 1): MGUS (0-1, low-risk and low-risk light chain; 
2, inter me di ate-risk and inter me di ate-risk light chain; ≥3, high-
risk and high-risk light chain). Interestingly, when using the score 
to defne risk of pro gres sion, 53% of patients with progressing 
MGUS but only 1 of 108 patients with nonprogressing MGUS had 
a high-risk score (Figure 1).9 Similarly, high-risk sta tus was found 
in 70% of patients with progressing light chain MGUS, but only 
1 of 120 patients with nonprogressing light chain MGUS had a 
high-risk score (Figure 2). Clinically impor tant, the study found 
that most indi vid u als who devel oped MM after a pre ced ing state 
of high-risk MGUS had converted from low-risk or inter me di ate-
risk stages within 5 years before MM diag no sis. For indi vid u als 
with light chain MGUS pro gres sion, the pat terns were very sim-
i lar. Although most indi vid u als who progressed from MGUS or 
light chain MGUS to MM or light chain MM, respec tively, were 
char ac ter ized by ris ing serum immune mark ers within a 5-year 
time win dow, a small frac tion of cases had ris ing serum immune 
mark ers for less than 1 year. In fact, 4 of 43 (9%) indi vid u als who 
progressed from MGUS to MM had a low-risk score 1 year prior to 
MM diag no sis. Similarly, 1 of 10 (10%) patients with progressing 
light chain MGUS were low risk 1 year prior to light chain MM 
diag no sis (Figures 1 and 2). Furthermore, the study found that 
only 21% of indi vid u als who progressed from MGUS to MM ful-
flled the blood-based cri te ria (ie, 3 g/dL or more M-pro tein) for 
smol der ing mye loma1 prior to diag no sis of MM. Because annual 
bone mar row biop sies are not supported by clin i cal guide lines, 
this is clin i cally impor tant infor ma tion for phy si cians who mon i-
tor indi vid u als diag nosed with MGUS given that most patients 
with MGUS who prog ress to MM skip the smol der ing mye loma 
phase based on blood-based cri te ria.

Clinical man age ment and clin i cal stud ies
Current con sen sus guide lines rec om mend indef  nite fol low-up 
of indi vid u als diag nosed with MGUS or smol der ing mye loma.1 
Longitudinal, repeated mon i tor ing with blood mark ers is sup-
ported by the abovementioned pro spec tive study that was 
designed to inves ti gate dynam ics of serum immune mark ers 
in indi vid u als with MGUS.19 Also, 3 recent obser va tional stud ies 
from Sweden and the United States have con sis tently dem on-
strated that indi vid u als with known MGUS prior to the diag no sis 
of MM have about 15% bet ter over all sur vival in MM (com pared 
with indi vid u als diag nosed with MM with out knowl edge of a 
prior MGUS diag no sis).20-22 These obser va tions indi cate that 
clin i cal fol low-up of pre cur sor dis ease results in ear lier detec-
tion and diag no sis of MM, resulting in fewer patients with symp-
tom atic end-organ dam age and, in turn, decreased mor bid ity 
at the time of MM diag no sis, which likely con trib uted to the 
observed improve ment in over all sur vival. In 2014, the def  ni tion 
of MM was expanded to include mye loma-defn ing bio mark ers in 
asymp tom atic indi vid u als most likely to develop symp tom atic 
mye loma in 2 years.9 With the advent of newer, more effec tive, 
and less toxic drugs, over all sur vival has improved sig nif  cantly 
in MM.23 Three ran dom ized con trolled tri als starting ther apy at 

Table 1. Adverse mark ers for pro gres sion19

Variable* Adverse marker Points

MGUS
 M-spike isotype IgA 1

 M-spike con cen tra tion ≥15 g/L 1

 Serum FLC ratio (κ:λ) <0.1 or >10 1

 Immunoparesis Uninvolved 
immu no glob-
u lins below 
lower level of 
nor mal

1 or 2

Light chain MGUS

 Serum FLC ratio (κ:λ) <0.1 or >10 1

 Immunoparesis Uninvolved 
immu no glob-
u lins below 
lower level of 
nor mal

1, 2,  
or 3

*Risk categories for pro gres sion to MM and light chain MM: 0 to 1, low-
risk and low-risk light chain; 2, inter me di ate-risk and inter me di ate-risk 
light chain; 3 or higher, high-risk and high-risk light chain.
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Figure 1. Longitudinal analysis of risk scores among selected individuals with and without progression from MGUS to MM.19 Using 
data from the cross-sectional analysis, a risk score was developed and implemented to assess and label individual blood samples as 
follows: low-risk MGUS, 0 to 1 (gray); intermediate-risk MGUS, 2 (white); high-risk MGUS, 3 or higher (orange). Each series of boxes 
represents a unique patient, each box represents a unique blood sample, and the x-axis represents number of years before MM diag-
nosis (for case patients) and number of years before selection (for controls). Each box includes a number that represents the risk score 
for that given sample. MG indicates nonprogressing MGUS, and MM indicates cases that progressed from MGUS to MM. aFulflled the 
blood-based criteria for smoldering myeloma (ie, M-spike concentration ≥3 g/dL). bFulflled the blood-based criteria for MM (ie, FLC 
ratio ≥100 and involved FLC concentration ≥10 mg/dL). Reprinted by permission, Landgren et al, JAMA Oncol, 2019.19
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Figure 2. Longitudinal analysis of risk among selected individuals with and without progression from light chain MGUS to light 
chain MM.19 A risk score was developed to evaluate and label individual blood samples as follows: low-risk light chain MGUS, 0 to 1 
(gray); intermediate-risk light chain MGUS, 2 (white); high-risk light chain MGUS, 3 or higher (orange). Each series of boxes represents 
a unique patient, each box represents a unique blood sample, and the x-axis represents number of years before MM diagnosis (for 
case patients) and number of years before selection (for controls). Each box includes a number that represents the risk score. LMG 
indicates nonprogressing light chain MGUS, and LMM indicates progressing from light chain MGUS to light chain MM. aFulflled the 
blood-based criteria for MM (ie, FLC ratio ≥100 and involved FLC concentration ≥10 mg/dL). Reprinted by permission, Landgren et al, 
JAMA Oncol, 2019.19
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the stage of smol der ing mye loma have shown improved pro-
gres sion-free sur vival, and 1 study showed improved over all sur-
vival.24-26 Currently, only about 5% of all  patients diag nosed with 
MM have a pre vi ously iden ti fed pre cur sor dis ease (ie, MGUS or 
smol der ing mye loma), which lim its the implementation of early 
treat ment in most patients.20,22 To address the value of screen ing 
for MGUS in the gen eral pop u la tion, a large pop u la tion-based 
ran dom ized screen ing (mon i tor ing vs no mon i tor ing) study is 
ongo ing in Iceland.27

New tech nol o gies: new oppor tu ni ties
As described above in detail, clin i cal risk scores for mye loma 
pre cur sor con di tions have been devel oped based on indi rect 
mea sure ments of dis ease bur den/activ ity/aggres sion, includ ing 
bone mar row plasma cell per cent age and the quan tity of serum 
mono clo nal pro tein.9,28-31 Although such prog nos tic mod els have 
proven their util ity, unfor tu nately, they have not been use ful for 
iden ti fy ing patients with MGUS and low-risk smol der ing mye-
loma and inter me di ate-risk smol der ing mye loma who may have 
already under gone malig nant trans for ma tion while the sur ro gate 
mark ers lag behind.9,29-31 When crit i cally reviewing the lit er a ture, 
it is clear that the dif fer en ti a tion between MGUS and smol der ing 
mye loma is based on the arbi trary lab o ra tory cut offs (above vs  
below 3 g/dL M-pro tein in periph eral blood and above vs below 
10% infl tra tion of bone mar row plasma cells in the bone mar row) 
derived from ret ro spec tive med i cal chart review conducted 50 
years ago.6,7 At the same time, based on cur rent clin i cal knowl-
edge, it is well known that some patients with MGUS can prog-
ress rap idly despite their appar ent low dis ease bur den, and 
con versely, many patients with smol der ing mye loma will remain 
sta ble despite a higher dis ease bur den with a behav ior pat tern 
typ i cal of MGUS.19,28,32,33 Thus, an abil ity to rec og nize these 2 dis-
tinct clin i cal pat terns inde pen dent of the bone mar row plasma 
cell per cent age would offer sig nif  cant advan tages in clin i cal 
prac tice.

A range of tech nol o gies has been applied to bet ter under stand 
what dif fer en ti ates pro gres sive and sta ble mye loma pre cur sor 
con di tions.29,30 The appli ca tion of fluo res cence in situ hybrid iza-
tion, sin gle-nucle o tide poly mor phism array, and gene expres-
sion tech nol o gies illus trates the fact that groups of patients  
with MGUS and smol der ing mye loma with the pres ence of cer-
tain geno mic aber ra tions (eg, del17p13, t(4;14)) and expres sion 
sig na tures have a shorter time to MM pro gres sion.34-38 The advent 
of next-gen er a tion sequenc ing has dra mat i cally changed this 
sce nario, allowing more com pre hen sive geno mic inves ti ga tions 
of indi vid ual patients, and—clin i cally impor tant—pro vid ing 
repro duc ible alter na tives to older tumor bur den-based mod els. 
Several stud ies have high lighted the impor tance of the value 
of geno mic events for predicting pro gres sion of the mye loma 
pre cur sor con di tions. For exam ple, prior stud ies have iden ti-
fed the value of muta tions in the mito gen-acti vated pro tein 
kinase path way and trans lo ca tions in MYC in predicting pro-
gres sion.29,35,37,39-42 However, until recently, tech ni cal lim i ta tions 
(ie, low num ber of clonal bone mar row plasma cells, lim it ing 
the abil ity to con duct sequenc ing assays) have forced most of 
these stud ies to only include smol der ing mye loma cases and 
not MGUS. Although there is only lim ited infor ma tion avail  able, 
it has also been pro posed that the host’s bio logic fea tures and 
immune sub strate play a role in the reg u la tion and sta bil ity of a 
plasma cell  neo plasm.43,44

In 2021, devel op ments in multiparametric bone mar row plasma  
cell flow-sorting and the appli ca tion of low-input whole-genome 
sequenc ing (WGS) tech nol ogy45,46 circumvented pre vi ous prob-
lems related to vol ume of clonal plasma cells and con tam i na tion 
by nor mal plasma cells and allowed for the inter ro ga tion of the 
WGS land scape of MGUS. In the frst study, 18 MGUS cases were 
com pared with 14 smol der ing mye loma and 80 MM cases.47 Given 
the abil ity of WGS to char ac ter ize  sin gle-nucle o tide  var i ants, 
muta tional sig na tures, copy num ber var i ants, struc tural var i ants 

Table 2. Landscape of myeloma-defining genomic events 
across genomically defined pro posed new enti ties: 
 monoclonal gammopathy (MG), early detection of multiple 
myeloma (EMM), and multiple myeloma (MM)29,47

Myeloma-defining genomic events

Clinical entity

MG* EMM† MM

Complex SV events ✓✓ ✓✓

Mutations in driver genes ✓ ✓✓

Copy num ber changes (ie, 
dele tions)

✓✓ ✓✓

APOBEC‡ ✓✓ ✓✓

Early age of ini ti a tion in patient’s 
life

✓✓ ✓✓

Canonical IGH trans lo ca tions ✓ ✓✓ ✓✓

Hyperdiploidy ✓ ✓✓ ✓✓

MYC§ trans lo ca tion ✓ ✓✓

*Monoclonal gammopathy (MG) rep re sents cases with out evi dence of 
geno mic driv ers. In the 1960s, Dr Jan Waldenström argued that patients 
who had mono clo nal pro teins with out any symp toms or evi dence of 
end-organ dam age represented a benign MG.5–8 Based on care ful chart 
reviews of indi vid u als with mono clo nal pro teins, in 1978, Dr Robert Kyle 
intro duced the con cept of “mono clo nal gammopathy of unde ter mined 
sig nif  cance” (MGUS) given that, at diag no sis, it was not pos si ble with 
avail  able meth ods (ie, SPEP to defne the con cen tra tion of M-pro teins 
and micros copy to deter mine the plasma cell per cent age in bone mar-
row aspi rates) to deter mine which patients would prog ress to multiple 
myeloma (MM).6 The appli ca tion of low-input whole-WGS tech nol ogy45,46 
has circumvented pre vi ous prob lems related to vol ume of clonal plasma 
cells and con tam i na tion by nor mal plasma cells and allowed for the inter-
ro ga tion of the WGS land scape of MGUS.47 As illus trated in this table, the 
dis tri bu tion of genetic events reveals strik ing dif fer ences and the exis-
tence of 2 bio log i cally and clin i cally dis tinct enti ties of asymp tom atic 
mono clo nal gammopathies: (1) one entity char ac ter ized by a suf f cient 
num ber of mye loma geno mic events to con fer malig nant poten tial and 
that is asso ci ated with pro gres sive dis ease (early detection of multiple 
myeloma; EMM) and (2) another entity with a lower bur den of genetic 
events char ac ter ized by a high like li hood of a prolonged, indo lent, and 
clin i cally sta ble course (MG). Future pro spec tive stud ies are needed 
to defn i tively address whether a (small?) pro por tion of cases with 
genomically defned47 MG even tu ally can con vert to EMM or not. If there 
is only a very low rate of con ver sion, then the term benign mono clo nal 
gammopathy5–8 is prob a bly accu rate for this genomically defned47 clin-
i cal entity of MG.
†Early detection of multiple myeloma (EMM) are cases with MG in which 
geno mic driv ers already have been acquired.
‡APOBEC, as the name sug gests, is a class of enzymes that was orig-
i nally iden ti fed as an enzyme that edits mes sen ger RNA spe cies by 
deam i nat ing cyto sine to ura cil, which in this case pro duces a stop codon 
and trun cated pro tein. MYC includes a fam ily of reg u la tor genes and 
protooncogenes that code for tran scrip tion fac tors.
§Activation of MYC leads to increased expres sion of many genes, some of 
which are involved in cell pro lif er a tion.
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(SVs), and muta tional sig na tures, dif fer ences in the geno mic  
land scape and in the tem po ral acqui si tion of geno mic events  
between clin i cally sta ble and pro gres sive cases of MGUS and 
smol der ing mye loma were char ac ter ized. Specifcally, cases 
with a nonprogressing, clin i cally sta ble mye loma  pre cur sor 
con di tion are char ac ter ized by later ini ti a tion of the frst 
clonal copy num ber changes in the patient’s life and by the 
absence of mye loma-defn ing geno mic events,  includ ing chro-
mothripsis, templated inser tions, muta tions in driver genes, 
aneu ploidy, and canon i cal apo li po pro tein B mRNA-editing 
enzyme, cat a lytic poly pep tide (APOBEC) muta tional activ ity 
(Table 2; Figures 3 and 4).47 The dis tri bu tion of genetic events 
revealed strik ing dif fer ences and the exis tence of 2 bio log i cally 

and clin i cally  dis tinct enti ties of asymp tom atic  mono clo nal 
 gammopathies: (1) 1 entity char ac ter ized by a suf f cient num-
ber of mye loma geno mic events to con fer malig nant poten tial 
and that is asso ci ated with pro gres sive dis ease and (2) another 
entity with a lower bur den of genetic events char ac ter ized by 
a high like li hood of a prolonged, indo lent, and clin i cally sta ble 
course. Despite its lim ited sam ple size, this frst com pre hen sive 
geno mic char ac ter iza tion study in early mye loma dis ease pro vi-
des proof of prin ci ple that WGS has the poten tial to accu rately 
dif fer en ti ate sta ble and pro gres sive pre cur sor con di tions in low 
dis ease bur den clin i cal states (Table 2; Figures 3 and 4).47 A large 
pro spec tive study to con frm and expand these results has been  
launched.

Figure 3. Pathogenetic models for the 2 clinically and biologically different myeloma precursor conditions (monoclonal  
gammopathy and early detection of multiple myeloma).29,30,47
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Future direc tions
Over 4 decades ago, Kyle6 argued that “mono clo nal gam-
mopathy of unde ter mined sig nif  cance” (MGUS) is a pre ferred 
ter mi nol ogy, because one can not tell whether the mono clo nal 
pro tein will remain unchanged or whether the patient has an 
evolv ing MM. He used the word unde ter mined to illus trate 
the fact that, at diag no sis, avail  able meth ods (ie, SPEP to defne 
the con cen tra tion of M-pro teins and micros copy to deter-  
mine the plasma cell per cent age in bone mar row aspi rates) were 
unable to deter mine which patients would ulti mately prog ress 
to MM.6 Based on the above-described novel study show ing that 
low-input WGS reveals pro gres sive vs sta ble mye loma pre cur-
sor con di tions (MGUS and smol der ing mye loma) as 2 dis tinct 
enti ties,47 it seems log i cal to con jec ture that mod ern tech nol-
o gies in the clinic have the poten tial to sig nif  cantly alter the 
man age ment of indi vid ual patients in the near future. Develop-
ment of blood-based meth ods is ongo ing with the aim to make 
the iden ti f ca tion of myeloma-defning genomic events eas ier 
in the clin i cal set ting. Currently, there are no established val i-
dated meth ods, and based on lim ited data, the false-neg a tive 
rates are too high for clin i cal use. More work is needed to facil-
i tate the devel op ment of blood-based assays for iden ti f ca tion 
and lon gi tu di nal track ing of geno mic abnor mal i ties. Going for-
ward, improved and biol ogy-ori ented strat e gies to accu rately 
iden tify patients with pro gres sive mye loma pre cur sor con di tion 

before clonal expan sion (1) will allow ear lier ini ti a tion of ther apy 
before onset of end-organ dam age or other mye loma-defn ing 
bio mark ers (as defned in 20149) to avoid severe clin i cal com pli-
ca tions and (2) will pre vent patients with pre cur sor con di tions 
from being oversurveilled and overtreated.29,30

From a sci en tifc per spec tive, my con clu sion is that we already 
have geno mic tools to iden tify “myeloma-defning genomic 
events,”47 and con se quently, it is time to con sider updating our 
pre ferred ter mi nol o gies. When the clin i cal feld is ready to move 
for ward, we should be  able to con sol i date cur rent ter mi nol o gies—
from cur rent 7 clin i cal categories: low-risk MGUS, inter me di ate-risk 
MGUS, high-risk MGUS, low-risk smol der ing mye loma, inter me di-
ate-risk smol der ing mye loma, high-risk smol der ing mye loma, and 
mul ti ple mye loma—to future 3 geno mic-based categories: mono-
clo nal gammopathy, early mul ti ple mye loma (in which mye loma-
defn ing geno mic events already have been acquired), and mul ti ple 
mye loma (patients who are already progressing and clin i cally 
defned cases) (Table 2; Figures 3 and 4). Ongoing inves ti ga tions 
will facil i tate the advance ment of the feld with the aim to improve 
patient out comes.29,30
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D
ow

nloaded from
 http://ashpublications.net/hem

atology/article-pdf/2021/1/662/1851672/662landgren.pdf by guest on 27 April 2024



Myeloma pre cur sor con di tions | 671

Conflict-of-inter est dis clo sure
Ola Landgren has received grant sup port from National Cancer 
Institute/National Institutes of Health, Food and Drug Admin-
istration, Leukemia and Lymphoma Society (LLS), Rising Tide 
Foundation, Memorial Sloan Kettering Cancer Center, Multiple 
Myeloma Research Foundation (MMRF), International Myeloma 
Foundation (IMF), Paula and Rodger Riney Foundation, Perelman 
Family Foundation, Amgen, Celgene, Janssen, Takeda, Glen-
mark, Seattle Genetics, and Karyopharm; has received hon o raria 
for sci en tifc talks/par tic i pated in advi sory boards for Adaptive, 
Amgen, Binding Site, BMS, Celgene, Cellectis, Glenmark, Jans-
sen, Juno, and Pfzer; and served on Independent Data Monitor-
ing Committees for inter na tional ran dom ized tri als by Takeda, 
Merck, Janssen, and Theradex.

Off-label drug use
Ola Landgren: nothing to disclose.

Correspondence
Ola Landgren, Myeloma Program, Sylvester Comprehensive Can-
cer Center, University of Miami, 1120 NW 14th St, Clinical Research 
Building, Room 650D, Miami, FL 33136; e-mail: col15@miami  .edu.

References
1. Kyle RA, Durie BG, Rajkumar SV, et al; International Myeloma Working 

Group. Monoclonal gammopathy of unde ter mined sig nif  cance (MGUS) 
and smol der ing (asymp tom atic) mul ti ple mye loma: IMWG con sen sus per-
spec tives risk fac tors for pro gres sion and guide lines for mon i tor ing and 
man age ment. Leukemia. 2010;24(6):1121-1127.

2. Landgren O, Kyle RA, Pfeiffer RM, et al. Monoclonal gammopathy of unde-
ter mined sig nif  cance (MGUS) con sis tently pre cedes mul ti ple mye loma: a 
pro spec tive study. Blood. 2009;113(22):5412-5417.

3. Waldenström J. Incipient myelomatosis or ‘essen tial’ hyperglobulinemia 
with fbrinogenopenia—a new syn drome. Acta Med Scand. 1944;117(3-4): 
216-247.

4. Laurell CB, Laurell H, Waldenstrom J. Glycoproteins in serum from patients 
with mye loma, mac ro glob u li ne mia and related con di tions. Am J Med. 
1957;22(1):24-36.

5. Heremans JF, Laurell AH, Martensson L, et al. Studies on “abnor mal” serum 
glob u lins (M-com po nents) in mye loma, mac ro glob u li ne mia and related 
dis eases. Acta Med Scand Suppl. 1961;367:1-126.

6. Kyle RA. Monoclonal gammopathy of unde ter mined sig nif  cance. Natural 
his tory in 241 cases. Am J Med. 1978;64(5):814-826.

7. Kyle RA, Greipp PR. Smoldering mul ti ple mye loma. N Engl J Med. 1980; 
302(24):1347-1349.

8. Waldenström JG. Benign mono clo nal gammapathy. Acta Med Scand. 
1984;216(5):435-447.

9. Rajkumar SV, Dimopoulos MA, Palumbo A, et  al. International Myeloma 
Working Group updated cri te ria for the diag no sis of mul ti ple mye loma. 
Lancet Oncol. 2014;15(12):e538-e548.

10. Kyle RA, Therneau TM, Rajkumar SV, et al. Prevalence of mono clo nal gam-
mopathy of unde ter mined sig nif  cance. N Engl J Med. 2006;354(13):1362-
1369.

11. Kyle RA, Therneau TM, Rajkumar SV, et  al. Long-term fol low-up of IgM  
mono clo nal gammopathy of unde ter mined sig nif  cance. Blood. 2003; 
102(10):3759-3764.

12. Dispenzieri A, Katzmann JA, Kyle RA, et al. Prevalence and risk of pro gres sion 
of light-chain mono clo nal gammopathy of unde ter mined sig nif  cance: a 
ret ro spec tive pop u la tion-based cohort study. Lancet. 2010;375(9727):1721-
1728.

13. Weiss BM, Abadie J, Verma P, Howard RS, Kuehl WM. A mono clo nal gam-
mopathy pre cedes mul ti ple mye loma in most patients. Blood. 2009;113(22): 
5418-5422.

14. Landgren O, Hultcrantz M, Diamond B, et  al. Safety and effec tive ness of 
weekly carflzomib, lenalidomide, dexa meth a sone, and daratumumab com-
bi na tion ther apy for patients with newly diag nosed mul ti ple mye loma: the 
MANHATTAN nonrandomized clin i cal trial. JAMA Oncol. 2021;7(6):862-868.

15. Landgren O, Zeig-Owens R, Giricz O, et al. Multiple mye loma and its pre-
cur sor dis ease among fre fght ers exposed to the world trade cen ter disas-
ter. JAMA Oncol. 2018;4(6):821-827.

16. Turesson I, Kovalchik SA, Pfeiffer RM, et al. Monoclonal gammopathy of 
unde ter mined sig nif  cance and risk of lym phoid and mye loid malig nan-
cies: 728 cases followed up to 30 years in Sweden. Blood. 2014;123(3):338-
345.

17. Ravi P, Kumar S, Larsen JT, et al. Evolving changes in dis ease  bio mark ers 
and risk of early pro gres sion in smol der ing mul ti ple mye loma. Blood  
Cancer J. 2016;6(7):e454.

18. Rosiñol L, Bladé J, Esteve J, et al. Smoldering mul ti ple mye loma: nat u ral his-
tory and rec og ni tion of an evolv ing type. Br J Haematol. 2003;123(4):631-
636.

19. Landgren O, Hofmann JN, McShane CM, et  al. Association of immune 
marker changes with pro gres sion of mono clo nal gammopathy of unde-
ter mined sig nif  cance to mul ti ple mye loma. JAMA Oncol. 2019;5(9):1293-
1301.

20. Sigurdardottir EE, Turesson I, Lund SH, et al. The role of diag no sis and clin i-
cal fol low-up of mono clo nal gammopathy of unde ter mined sig nif  cance on 
sur vival in mul ti ple mye loma. JAMA Oncol. 2015;1(2):168-174.

21. Go RS, Gundrum JD, Neuner JM. Determining the clin i cal sig nif  cance of 
mono clo nal gammopathy of unde ter mined sig nif  cance: a SEER-Medi care 
pop u la tion anal y sis. Clin Lymphoma Myeloma Leuk. 2015;15(3):177-186.
e4186e4.

22. Goyal G, Rajkumar SV, Lacy MQ , et al. Impact of prior diag no sis of mono-
clo nal gammopathy on out comes in newly diag nosed mul ti ple mye loma. 
Leukemia. 2019;33(5):1273-1277.

23. Thorsteinsdottir S, Dickman PW, Landgren O, et al. Dramatically improved 
sur vival in mul ti ple mye loma patients in the recent decade: results 
from a Swed ish pop u la tion-based study. Haematologica. 2018;103(9): 
e412-e415.

24. Mateos M-V, Hernández M-T, Giraldo P, et al. Lenalidomide plus dexa meth-
a sone for high-risk smol der ing mul ti ple mye loma. N Engl J Med. 2013; 
369(5):438-447.

25. Lonial S, Jaco bus S, Fonseca R, et  al. Randomized trial of lenalido-
mide ver sus obser va tion in smol der ing mul ti ple mye loma. J Clin Oncol. 
2020;38(11):1126-1137.

26. Landgren CO, Chari A, Cohen YC, et al. Daratumumab monotherapy for 
patients with inter me di ate-risk or high-risk smol der ing mul ti ple mye-
loma: a ran dom ized, open-label, mul ti cen ter, phase 2 study (CENTAURUS).  
Leukemia. 2020;34(7):1840-1852.

27. Rögnvaldsson S, Love TJ, Thorsteinsdottir S, et al. Iceland screens, treats, or 
pre vents mul ti ple mye loma (iStopMM): a pop u la tion-based screen ing study 
for mono clo nal gammopathy of unde ter mined sig nif  cance and ran dom-
ized con trolled trial of fol low-up strat e gies. Blood Cancer J. 2021;11(5):94.

28. Kyle RA, Remstein ED, Therneau TM, et al. Clinical course and prog no sis 
of smol der ing (asymp tom atic) mul ti ple mye loma. N Engl J Med. 2007; 
356(25):2582-2590.

29. Maura F, Bolli N, Rustad EH, Hultcrantz M, Munshi N, Landgren O. Mov-
ing from can cer bur den to can cer geno mics for smol der ing mye loma: a 
review. JAMA Oncol. 2020;6(3):425.

30. Maura F, Landgren O, Mor gan GJ. Designing evo lu tion ary-based inter cep-
tion strat e gies to block the tran si tion from pre cur sor phases to mul ti ple 
mye loma. Clin Cancer Res. 2021;27(1):15-23.

31. Rajkumar SV, Landgren O, Mateos M-V. Smoldering mul ti ple mye loma. 
Blood. 2015;125(20):3069-3075.

32. Kyle RA, Larson DR, Therneau TM, et al. Long-term fol low-up of mono clo nal 
gammopathy of unde ter mined sig nif  cance. N Engl J Med. 2018;378(3):241-
249.

33. Lakshman A, Rajkumar SV, Buadi FK, et al. Risk strat i f ca tion of smol der ing 
mul ti ple mye loma incor po rat ing revised IMWG diag nos tic cri te ria. Blood 
Cancer J. 2018;8(6):59.

34. Dhodapkar MV, Sexton R, Waheed S, et al. Clinical, geno mic, and imag ing 
pre dic tors of mye loma pro gres sion from asymp tom atic mono clo nal gam-
mopathies (SWOG S0120). Blood. 2014;123(1):78-85.

35. López-Corral L, Gutiérrez NC, Vidriales MB, et  al. The pro gres sion from 
MGUS to smol der ing mye loma and even tu ally to mul ti ple mye loma 
involves a clonal expan sion of genet i cally abnor mal plasma cells. Clin Can
cer Res. 2011;17(7):1692-1700.

36. López-Corral L, Sarasquete ME, Beà S, et  al. SNP-based map ping 
arrays reveal high geno mic com plex ity in mono clo nal gammopathies,  
from MGUS to mye loma sta tus. Leukemia. 2012;26(12):2521-2529.

D
ow

nloaded from
 http://ashpublications.net/hem

atology/article-pdf/2021/1/662/1851672/662landgren.pdf by guest on 27 April 2024

mailto:col15@miami.edu


672 | Hematology 2021 | ASH Education Program

37. Mikulasova A, Smetana J, Wayhelova M, et  al. Genomewide pro fl ing of 
copy-num ber alter ation in mono clo nal gammopathy of unde ter mined sig-
nif  cance. Eur J Haematol. 2016;97(6):568-575.

38. Neben K, Jauch A, Hielscher T, et al. Progression in smol der ing mye loma 
is inde pen dently deter mined by the chro mo somal abnor mal i ties del(17p),  
t(4;14), gain 1q, hyperdiploidy, and tumor load. J Clin Oncol. 2013;31(34): 
4325-4332.

39. Bolli N, Maura F, Minvielle S, et al. Genomic pat terns of pro gres sion in smol-
der ing mul ti ple mye loma. Nat Commun. 2018;9(1):3363.

40. Bustoros M, Sklavenitis-Pistofdis R, Park J, et al. Genomic pro fl ing of smol-
der ing mul ti ple mye loma identifes patients at a high risk of dis ease pro-
gres sion. J Clin Oncol. 2020;38(21):2380-2389.

41. Mikulasova A, Wardell CP, Murison A, et al. The spec trum of somatic muta-
tions in mono clo nal gammopathy of unde ter mined sig nif  cance indi cates 
a less com plex geno mic land scape than that in mul ti ple mye loma. Haema
tologica. 2017;102(9):1617-1625.

42. Misund K, Keane N, Stein CK, et al; MMRF CoMMpass Network. MYC dysreg-
ulation in the pro gres sion of mul ti ple mye loma. Leukemia. 2020;34(1):322-
326.

43. Dosani T, Mailankody S, Korde N, et al. Host-related immu no de f ciency in 
the devel op ment of mul ti ple mye loma. Leuk Lymphoma. 2018;59(5):1127-
1132.

44. Zavidij O, Haradhvala NJ, Mouhieddine TH, et al. Single-cell RNA sequenc-
ing reveals com pro mised immune micro en vi ron ment in pre cur sor stages  
of mul ti ple mye loma. Nat Cancer. 2020;1(5):493-506.

45. Lee-Six H, Olafsson S, Ellis P, et al. The land scape of somatic muta tion in 
nor mal colo rec tal epi the lial cells. Nature. 2019;574(7779):532-537.

46. Moore L, Leongamornlert D, Coorens THH, et al. The muta tional land scape 
of nor mal human endo me trial epi the lium. Nature. 2020;580(7805):640-
646.

47. Oben B, Froyen G, Maclachlan KH, et  al. Whole-genome sequenc ing 
reveals pro gres sive ver sus sta ble mye loma pre cur sor con di tions as two 
dis tinct enti ties. Nat Commun. 2021;12(1):1861.

© 2021 by The Amer i can Society of Hematology
DOI 10.1182/hema tol ogy.2021000303

D
ow

nloaded from
 http://ashpublications.net/hem

atology/article-pdf/2021/1/662/1851672/662landgren.pdf by guest on 27 April 2024


