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Abstract
Monoclonal gammopathy of undetermined significance (MGUS) affects at least 3% of the population
above the age of 50 and is the precursor to multiple myeloma (MM), an incurable malignancy of
plasma cells. Recent advances in MGUS include: an improved understanding of the pathogenesis of
MGUS and its progression to MM, involving molecular events intrinsic to the malignant plasma cell
as well as the microenvironment; novel techniques to assess risk for progression to MM using serum-
free light-chain analysis and immunophenotyping; and a renewed interest in chemoprevention of
MM. In the future, continued improvement in our understanding of MGUS will lead to the
development of better biomarkers for prognosis and therapies for chemoprevention of MM.
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Monoclonal gammopathy of undetermined significance (MGUS) is a common condition in the
general population, affecting at least 3% of patients over 50 years of age, and it is the precursor
to multiple myeloma (MM) [1]. MGUS is diagnosed when a monoclonal protein is detected
in serum without clinical evidence of MM, Waldenström’s macroglobulinemia, primary
amyloidosis, lymphoma or chronic lymphocytic leukemia [2]. The diagnosis of MGUS is
usually made incidentally when evaluating the patient for nonspecific symptoms or signs, such
as fatigue, bone pain, anemia or renal failure. In 1961, Jan Waldenström initially reported
finding a monoclonal protein without evidence of a malignant disorder, and named the
condition ‘essential hypergammaglobulinemia’ [3]. His description emphasized the stability
of the level of the monoclonal protein over time, which is contrasted to the increasing levels
seen in MM. For some time, this condition was was also referred to as ‘benign monoclonal
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gammopathy’. However, Robert Kyle recognized that determining the potential of MGUS to
progress to a malignancy was only possible with serial follow-up [4]. Thus, he coined the term
‘monoclonal gammopathy of undetermined significance’. The diagnostic criteria for
monoclonal gammopathies were recently formalized by the International Myeloma Working
Group (IMWG) (Table 1) [2].

In recent years, there have been numerous advances in the understanding of MGUS in the areas
of pathogenesis, diagnosis, epidemiology and prognosis. New insights into the molecular and
microenvironmental events that contribute to the pathogenesis of MM have been discovered.
The serum-free light-chain (sFLC) assay has improved the sensitivity of detection of
monoclonal gammopathies – including the identification of light-chain MGUS (LC-MGUS)
– and added a useful prognostic tool for patients with MGUS. Several epidemiologic studies
have revealed important insights into the racial and familial distribution of MGUS, suggesting
a genetic component to the etiology of this disorder. The importance of MGUS in the
pathogenesis of MM has recently been clarified. sFLC analysis and immunophenotyping of
bone marrow plasma cells have been shown to be useful methods for assessing prognosis in
MGUS. Regarding the epidemiology of MGUS, the reader is referred to recent extensive
reviews [5,6].

It is now apparent that there are at least two kinds of premalignant MGUS tumors that are
associated with a selective expansion of monoclonal lymphoplasmacytic cells or monoclonal
plasma cells, respectively [7]. Most lymphoplasmacytic monoclonal tumors secrete IgM,
whereas plasma cell tumors rarely (~1%) express IgM and, instead, usually have undergone
IgH switch recombination that results in secretion of monoclonal IgG, IgA, IgD, IgE or
monoclonal immunoglobulin light chains. The normal cell that corresponds to plasma cell
tumors is a long-lived plasma cell that has undergone extensive somatic hyper-mutation and
antigen selection of immunoglobulin heavy- and light-chain genes, has undergone productive
IgH switch recombination, and is localized in the bone marrow [8]. Although much is known
regarding the molecular pathogenesis of plasma cell tumors (see later), the molecular genetic
abnormalities of lymphoplasmacytic tumors have proven elusive thus far [9]. In general, IgM
MGUS is assumed to be associated with lymphoplasmacytic tumors, whereas non-IgM MGUS
is assumed to be associated with a plasma cell tumor, although a definitive diagnosis should
include histopathology of the bone marrow. The remainder of this review is focused on non-
IgM/plasma cell-associated MGUS.

Pathogenesis of MGUS & MM
There have been significant advances in the understanding of the pathogenesis of MGUS and
MM over the past decade, and several excellent reviews have been published [8,10,11]. A
model for the pathogenesis of MGUS and MM is presented in Figure 1.

The etiologic factors for the development of MGUS remain unclear. There is significant support
for genetic susceptibility, based on familial aggregation and ethnic disparities [6,12–14].
Environmental exposures, such as occupation, radiation and pesticides, have all been studied
[15–18]. The most consistent relationship with the development of myeloma appears to be with
pesticide exposure [16]. It is also possible that immune dysregulation plays an important role
in the development of monoclonal gammopathies. Monoclonal gammopathies appear in
various settings of immune dysregulation, including autoimmune diseases, HIV and following
solid-organ transplantation [19]. In these settings, MGUS may resolve with immune
reconstitution [20]. In addition, specific antigenic targets have been associated with the
development of MGUS, such as paratarg-7 [21].

There are four early oncogenic events that lead to the expanded plasma cell population found
in MGUS and MM. These events are partially overlapping and the exact timing of these events
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remains unclear. First, there is nearly universal dysregulation of cyclin D1, -2 or -3, or
inactivation of RB-1 [22]. Second, there are primary translocations involving the
immunoglobulin locus (14q32), which occur in approximately 40% of MM tumors [23]. Seven
primary translocations form three groups: the 4p16 group (MMSET and FGFR3); a cyclin D
group, 6p21 (CCND3), 11q13 (CCND1) and 12p13 (CCND2); and a MAF group, 8q24.3
(MAFA), 16q23 (c-MAF) and 20q11 (MAFB) [10,24]. Even cytogenetic abnormalities that are
associated with a poor prognosis in MM, such as t(4;14) and t(14;16), can be detected in MGUS
and smoldering MM (SMM), albeit at a lower frequency [24]. Third, roughly half of MGUS
and MM tumors show hyperdiploidy, which is associated with multiple trisomies of eight odd-
numbered chromosomes but rarely with primary IgH translocations [25]. Fourth, there is a loss
of chromosome 13, which is the single most common genetic abnormality and is found in
approximately 50% of MM tumors but a somewhat lower fraction of MGUS tumors [24–26].

Importantly, it is critical to understand that the majority of all genetic changes identified in
MM are also present in MGUS, so that it is not possible to distinguish MGUS tumor cells from
MM tumor cells, whereas advanced MM tumors have molecular genetic abnormalities that
rarely, if ever, are found in MGUS tumors (e.g., p18 homozygous deletion and p53 deletion)
[24,27]. The specific oncogenic events that are associated with progression from MGUS to
MM remain unclear. Translocations involving Myc, which are present in 90% of human
myeloma cell lines, are rare in MGUS, but are detected with increasing frequency – often
associated with heterogeneity within the population of tumor cells – in MM (15%) and
advanced MM (44%) [28]. Thus, it was proposed that rearrangements and the consequent
dysregulation of MYC are late progression events that occur as tumors become more
proliferative and less stromal cell dependent. Recently, however, it was shown that induction
of MYC dysregulation in mice that have MGUS led to the development of MM in the majority
of them, which also suggests a role for MYC in the MGUS to MM transition [29]. Consistent
with this idea, there is a significant increased expression of MYC in MM compared with MGUS
tumors, so that dysrsegulation of MYC may be involved at both early and late stages of
pathogenesis (Figure 1). Mutations of N- or K-RAS occur with a similar frequency in up to 40%
of MM tumors, but are present in less than 10% of MGUS tumors. It may be significant that
only N-RAS mutations have been reported in MGUS tumors thus far, thereby suggesting
nonidentical roles of N- and K-RAS mutations in pathogenesis, and perhaps a unique role of
K-RAS mutations that can mediate the progression from MGUS to MM for some tumors (Figure
1) [30–32]. Epigenetic changes may also play a role in the progression of MGUS to MM
[33]. Preliminary data have demonstrated the increased expression of several miRNAs in
MGUS compared with normal plasma cells, and several other miRNAs with increased
expression in MM but not MGUS [34].

Factors extrinsic to the clonal plasma cell (e.g., bone marrow microenvironment and immune
function) are also potential contributors to progression. Increasing bone marrow angiogenesis
has been shown with advancing disease states along the MGUS to MM spectrum [35]. In
addition, a loss of the ability to inhibit angiogenesis also seems to occur with disease
progression [36]. Although the development of bone disease clearly differentiates MGUS from
MM clinically, it is also clear that there is evidence of increased bone resorption in MGUS,
based on bone morphometric studies [37], elevation of bone resorption markers [38] and an
increased risk of fractures in the axial skeleton [39]. However, whether the cycle of osteoclast
activation, bone resorption and myeloma cell growth are a cause or a consequence of MGUS
progression remains unclear [40]. Specific immune factors, such as loss of immunity to SOX2
and OFD1, may also be important in the progression from MGUS to MM [41,42].
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Utility of SFLC analysis
A significant advance in the diagnosis of monoclonal gammopathies has been the development
of sFLC analysis. The standard tests for the evaluation of monoclonal gammopathies, serum
protein electrophoresis (SPEP) and immunofixation electrophoresis (IFE), are useful for the
majority of patients with MM, but are inadequate or suboptimal for the evaluation of the
majority of patients with primary amyloidosis, oligosecretory or nonsecretory myeloma and
light-chain myeloma [43]. sFLC analysis (Freelite™, The Binding Site, Inc., Birmingham,
UK) measures the concentration of free κ and λ light chains through polyclonal antibodies
directed at epitopes that are exposed only when free of the intact immunoglobulin [44]. The
serum concentration of light chains is dependent on both the production by plasma cells and
renal clearance; therefore, the clinical context is critical to the interpretation of the assay. The
ratio of κ:λ is critical to the interpretation, because an abnormal serum-free light ratio should
only be present in the context of a plasma cell dyscrasia or other B-cell lymphoproliferative
disorders. In addition, it is important to note that sFLC analysis is much more sensitive than
the other techniques for the detection of monoclonal light chains. The sensitivity for light chains
by SPEP, IFE and sFLC are 1–2 g/l, 150–500 mg/l and 1 mg/l, respectively [45]. The IMWG
has published guidelines for the use of sFLC analysis in the evaluation of MM and related
disorders [46]. The addition of sFLC to the traditional tests is recommended during the initial
evaluation of all patients with a suspected plasma cell dyscrasia. This is based on a screening
study performed on 428 patients from the Mayo Clinic database with a positive urine IFE
[47]. If SPEP and serum IFE alone were used, 28 patients (6%) would have had a missed
diagnosis of a plasma cell dyscrasia, including four with MM and 19 with primary amyloidosis.
If sFLC analysis had been used as the only test, 14% of patients would have had a missed
diagnosis. However, if all three tests had been used, 99.5% of patients would have been
diagnosed with a plasma cell dyscrasia. The two missed patients had MGUS, one of which had
‘LC-MGUS’, a newly described MGUS subtype.

Among patients with newly diagnosed MM, 16% produce a monoclonal light-chain only (light-
chain MM) and 3% produce no monoclonal protein (nonsecretory MM) [48]. Therefore, the
nature of the precursor state in these entities may be detectable with sFLC analysis, if, in fact,
these disorders evolve from a LC-MGUS. The Mayo Clinic were the first to describe the
prevalence of LC-MGUS, defined as the presence of an abnormal sFLC ratio and a negative
IFE for immunoglobulin heavy chain [49]. Among 16,637 persons age 50 years or older, LC-
MGUS was detected in 2% of patients. In this cohort, four patients have developed MM and
two patients have developed chronic lymphocytic leukemia. Light-chain MGUS was also
detected in six out of 30 patients with MM, for whom pre-diagnostic serum were available
from the US Department of Defense (DoD) Serum Repository [50]. Four patients developed
light-chain MM and two patients developed intact immunoglobulin MM. This limited data on
LC-MGUS suggests that it is probably a legitimate premalignant entity, which may evolve to
light-chain MM, intact immunoglobulin MM and other related B-cell malignancies; however,
more information on its prevalence and natural history is needed.

Thus, it is clear that sFLC analysis increases the sensitivity for the detection of plasma cell
dyscrasias and is particularly important in the evaluation and monitoring of patients with
oligosecretory and light-chain MM, as well as amyloid light chain amyloidosis. A provisional
MGUS subtype, LC-MGUS, has been revealed by this test. Last, sFLC analysis has a specific
application for the assessment of prognosis in MGUS, which will be described in detail later.

Progression of MGUS to MM
The reasons for progression of MGUS to MM remain unknown, and possible events intrinsic
and extrinsic to the malignant plasma cell were described earlier [51]. Until recently, a
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fundamental question about the pathogenesis of MM remained unanswered: are all myelomas
preceded by MGUS? Historically, approximately a third of patients with myeloma were
thought to evolve from a prior MGUS or SMM [48]. However, this estimate comes from
patients who were known to have MGUS/SMM, and given that these disorders are, by
definition, asymptomatic, this is probably an underestimate. Some investigators have suggested
that myelomas with a prior MGUS/SMM have a different gene-expression profile and a
different response and outcome with therapy [52–54]. The limitation of all these studies was
that MGUS/SMM were defined clinically and not comprehensively with prediagnostic serum
analyses for monoclonal immunoglobulin.

Recently, our group has demonstrated that virtually all myelomas arise from MGUS [50]. We
crossreferenced MM patients treated with autologous stem cell transplantation at Walter Reed
Army Medical Center with the DoD Serum Repository to obtain prediagnostic sera. The DoD
Serum Repository contains serum collected every 2 years on all US military service members.
SPEP, IFE and sFLC analysis were performed on all sera collected 2 or more years prior to the
diagnosis of MM to detect MGUS/SMM. In 30 patients, 110 prediagnostic samples were
available from 2.2–15.3 years prior to diagnosis. MGUS was detected in 27 out of 30 patients
(90%) – by SPEP and/or IFE in 21 patients (77.8%) and by sFLC in six patients (22.2%). The
three patients without a detectable MGUS were unlikely to be detected as one patient with IgG
myeloma had only one sample 9 years prior to diagnosis and the remaining two patients had
IgD-myeloma, which is characterized by very low levels of immunoglobulin secretion. Thus,
given additional serial samples, and the availability of more sensitive detection techniques for
IgD myeloma, we suspect that a MGUS might have been detected in all patients. Our results
have been confirmed in another independent study by Landgren and colleagues. They obtained
prediagnostic sera from 71 patients with MM in the Prostate, Lung, Colorectal and Ovarian
(PLCO) cancer screening trial [55]. In this study, containing serum from 2 to 9.8 years prior
to diagnosis, nearly 100% of patients had a preceding MGUS. The PLCO study differs from
the military study in that the latter included nearly 50% African–Americans and only one
woman (3%). In addition, the median age of patients in the latter study was nearly 20 years
less than in the PLCO study or in most MM patient cohorts that have been studied in other
settings.

The patterns of changes in the monoclonal protein prior to the development of myeloma have
been described [19,50,56,57]. There appears to be at least four patterns of progression (Figure
2) [1]: a non-evolving MGUS or SMM [2], which is characterized by a very stable monoclonal
protein followed by a rapid increase prior to the development of symptomatic MM, an evolving
type, which is characterized by a steady increase in the monoclonal protein until the MM
develops [3], and a rapidly evolving MGUS, in which there is a relatively short period of MGUS
(<5 years) prior to the development of MM [4]. Another pattern that has emerged that requires
further study involves the serial changes in sFLCs. In the DoD, several patients displayed a
dramatic change in the sFLC ratio without a significant change in the monoclonal protein
several years prior to the diagnosis of MM (one example is depicted in Figure 3). Thus, serial
changes in the sFLC ratio may signal the onset of MM in some patients. This result seems
consonant with the fact that the presence of an abnormal sFLC ratio is associated with an
increased probability that MGUS will progress to MM (see later).

Novel strategies to assess prognosis in MGUS
Studies evaluating the progression of MGUS to MM and related disorders have demonstrated
an average rate of progression of 1% per year [56]. The rate of progression can be affected by
several factors, including the level of monoclonal protein, the immunoglobulin isotype, the
percentage of bone marrow plasma cells and the presence of polyclonal
hypogammaglobulinemia [58]. Improved techniques to risk-stratify patients for progression
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would be useful for patient counseling and determining an optimal interval for monitoring.
Moreover, the identification of high-risk groups for progression would facilitate the design of
clinical trials for chemoprevention of MM. Both sFLC analysis and immunophenotyping of
bone marrow plasma cells have been studied to risk-stratify patients for malignant progression.

Abnormal sFLC ratios are seen in 30–40% of patients with MGUS [59,60], 90% of patients
with SMM [61] and 95% of patients with symptomatic MM [62]. Furthermore, an abnormal
sFLC ratio was seen in 70–80% of patients prior to the diagnosis of MM in both the DoD and
PLCO studies [50,55]. Thus, excess production of sFLCs has been proposed as a surrogate for
expansion of the malignant plasma cell clone. The Mayo Clinic assessed the utility of sFLC
analysis on 1148 patients with MGUS with a median follow-up of 15 years [60]. The risk of
progression at 20 years with an abnormal sFLC ratio was 35% compared with 13% with a
normal sFLC ratio. The investigators combined this with other known risk factors for
progression to develop an easily applied clinical model using the following adverse factors for
progression: monoclonal protein above 1.5 g/dl, non-IgG isotype and abnormal sFLC ratio
(Table 2).

Immunophenotyping is an attractive technique to potentially identify high levels of malignant
plasma cells amidst normal plasma cells, a situation that is probably common in MGUS [63].
The Salamanca group first reported that monoclonal plasma cells express a distinct
immunophenotype by flow cytometry: CD38+, CD19−, CD45− and CD56+ [64]. These
monoclonal plasma cells, which are immunophenotypically similar to plasma cells from MM
patients, can be detected among the total plasma cell population in patients with MGUS, albeit
at a low frequency. The investigators reported that it was rare for patients with MM to have
more than 3% polyclonal plasma cells by flow cytometry. Thus, flow cytometry may be useful
in identifying MGUS patients with a high proportion of monoclonal plasma cells. Persona and
colleagues reported on the risk of progression in 407 MGUS patients and 97 SMM patients
based on multiparameter flow cytometry using a panel of CD38, CD45, CD19 and CD56
antibodies [65]. They defined an aberrant plasma cell phenotype as greater than 95% of bone
marrow plasma cells being CD38+, but CD45− and/or CD19−, and/or CD56+. The most
common aberrant phenotypic profile is CD45− and CD19− and CD56+, which occurs in half
of patients with an aberrant profile. With a median follow-up time of 56 months, patients who
had MGUS and an aberrant immunophenotypic profile had a 25% risk of progression to
myeloma at 5 years in contrast to a 5% risk of progression at 5 years for those without the
aberrant expression. In patients with SMM, those with an aberrant phenotypic profile had a
64% risk of progression at 5 years in contrast to an 8% risk without the aberrant phenotype.
The authors constructed a risk stratification model for both MGUS and SMM (Table 2). The
aberrant immunophenotypic profile was an independent prognostic factor in both MGUS and
SMM, but aneuploidy was the additional risk factor for MGUS and immunoparesis was the
additional risk factor for SMM.

Each of these methods has advantages and disadvantages for the risk stratification of patients
with MGUS. The Mayo Clinic model is based on a large dataset with the longest median follow-
up. In addition, the factors in this model can be determined using peripheral blood tests for
relatively low cost. Given that the majority of patients with MGUS will not undergo a bone
marrow aspirate, this model is easily applied in the clinic. The disadvantages of the Mayo
Clinic model are its poor discrimination of the risk of progression between the groups. Even
the highest-risk group has an annual risk of progression of only 3%, which limits the model’s
utility to identify a group for closer interval follow-up or trials for chemoprevention. The
biologic basis for an abnormal sFLC ratio as a surrogate for malignant progression remains
speculative, which also weakens this model. The Salamanca model, on the other hand, has a
very strong biologic basis because it quantifies the ‘load’ of malignant plasma cells among the
normal plasma cells by immunophenotyping and the presence of aneuploidy. It has a superior
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ability to identify a truly high-risk population, with an annual risk of progression of nearly
10%, in comparison to the Mayo Clinic model. However, the Salamanca model’s major
disadvantages are invasiveness (it requires a bone marrow aspirate), technical complexity and
cost. A limitation of both studies is the ethnic homogeneity, a major problem for translation to
the clinic. In summary, the Mayo Clinic model may be useful in routine clinical practice,
assuming it is validated in other patient populations, but the Salamanca model is a superior
model for use in research, in particular, to identify a truly high-risk MGUS population that is
suitable for trials of chemoprevention.

Preventive therapies in MGUS
The existence of easily identifiable precursor states to MM, MGUS and SMM, represents an
opportunity for chemoprevention. Although modern therapies (autologous transplant,
thalidomide, lenalidomide and bortezomib) appear to have increased survival, myeloma
remains mostly incurable [66,67]. The opportunity to prevent or delay the development of MM
would be a significant advance in the management of these plasma cell dyscrasias. Studies to
date in this area have suffered from significant limitations: the inability to define a uniformly
high-risk population for progression, use of nonstandard inclusion criteria, use of nonuniform
response criteria and the availability of agents with sufficient efficacy and acceptable toxicity
to be used in this setting. Three agents, thalidomide, anakinra and curcumin, have been studied
in SMM and MGUS, but only the trials with thalidomide have sufficient follow-up to be
informative [68–71].

Two single-arm studies have been reported using thalidomide in patients with SMM. The initial
report by the Mayo Clinic enrolled patients with SMM and ‘indolent MM’ [69]. The patients
were started on 200 mg daily with the intention of increasing to 800 mg. The overall response
rate was 66%, with a median follow-up of 2 years, the median progression-free survival had
not been reached. The University of Arkansas reported on 76 patients with SMM treated with
thalidomide at 200 mg daily (as well as pamidronate) [68]. The overall response rate in this
trial was 63%, including 17% of patients with complete response/near-complete response,
using standard European Bone Marrow Transplant response criteria. The median time to
progression was an impressive 7 years. The median time to progression for patients with SMM
who are observed is between 3.2 and 4.8 years [72,73]. Another very interesting finding in this
trial was the observation that patients who achieved a partial remission or better had a shorter
event-free survival and time to myeloma therapy. This finding suggests more proliferative
tumors were more likely to respond. In addition, the median survival postprogression after
thalidomide was greater than 5 years. This finding is somewhat reassuring given the concern
for the development of drug resistance. The interim results of a randomized Phase III trial of
lenalidomide and dexamethasone compared with therapeutic abstention in patients with high-
risk SMM were recently reported [74,101]. At a median follow-up of 16 months among the
first 40 patients enrolled, there have been no progressions in the treatment arm and eight
progressions in the therapeutic abstention arm. In patients who have completed the full planned
9 months of therapy, the overall response rate was 100%, including 47% with a very good
partial response. It is difficult to compare these trials of chemoprevention of MM given their
differing eligibility criteria, sample size and length of follow-up. However, it appears that drugs
active in the treatment of symptomatic myeloma when administered to patients with SMM may
delay development of symptomatic myeloma.

Clinical management of MGUS
Recently, the UK Myeloma Forum and the Nordic Myeloma Study Group have proposed
guidelines for the management of MGUS [75]. These guidelines are almost entirely based on
expert consensus opinion rather than prospective clinical trials. For the purposes of
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management, they suggest dividing patients into low- and high-risk groups. The low-risk group
is defined by a serum IgG M-protein below 1.5 g/dl or IgA or IgM less than 1.0 g/dl. This
group can be monitored in the primary-care setting at intervals of 3–4 months initially (for the
first year) and then lengthened to 6–12 months based on the patient’s clinical history, laboratory
results and comorbid conditions. The higher risk group is defined as IgG M-protein above 1.5
g/dl, IgA or IgM above 1.0 g/dl or IgD or IgE at any level. These patients should be monitored
by a hematologist at shorter intervals, perhaps three- to four-times per year. The recommended
tests for monitoring include SPEP, serum total immunoglobulins, complete blood count,
creatinine, urea, electrolytes and serum calcium.

The guidelines specifically state that there is no evidence supporting the use of sFLC in
monitoring patients. By contrast, the IMWG guidelines for the use of sFLC analysis
recommend its use at diagnosis for all patients with MGUS to assess prognosis [46]. However,
sFLC analysis may be a useful adjunctive test in monitoring patients with MGUS based on
two lines of evidence. First, the initial Mayo Clinic study describing the impact of sFLC on
the risk of progression to MM demonstrated that an increasingly extreme sFLC ratio increased
the risk of progression to MM. Second, in the DoD Serum Repository Study, the development
of an abnormal sFLC ratio in the context of a minimally changing serum M-protein level
signaled the onset of myeloma within 2–4 years. Thus, the development of an abnormal or
increasingly abnormal sFLC ratio may herald the onset of symptomatic MM, and a closer
interval of follow-up may be indicated in these patients; however, additional studies are needed
to validate a role for sFLC assays for all MGUS patients. Our current practice is to perform
sFLC analysis at all monitoring visits and for patients who develop marked changes in the
sFLC ratio closer observation or additional tests are considered.

Expert commentary
Our understanding of monoclonal paraproteins, from Waldenström’s ‘essential
hypergammaglobulinemia’ to Kyle’s ‘monoclonal gammopathy of undetermined
significance’, continues to evolve. The availability of novel tests, such as sFLC analysis and
immunophenotyping of bone marrow plasma cells, hold promise for determining the
significance of an individual patient’s MGUS with regards to its potential for malignant
progression. However, there are certainly other factors involved in the progression from MGUS
to MM that deserve further study. This includes a better understanding of the role of the
microenvironment in progression, including angiogenesis, bone marrow stromal cell
interactions and the role of bone metabolism. Future studies need to evaluate biomarkers
associated with these processes, which will hopefully yield many new insights into the biology
and clinical management of MGUS. The era of personalized medicine has arrived and the
ability to more accurately assign prognosis in MGUS would have significant value to patients
and lead to more optimal strategies for evaluation and monitoring. In addition, these studies
may lead to new targets for the prevention of symptomatic myeloma. This is of major
importance given the incurable nature of MM. Currently, available agents that are active in
MM are, aside from lenalidomide, not suitable for chemoprevention, making the identification
of other targets of great interest. The epidemiology of MGUS deserves further study, notably,
in populations of younger ages and diverse ethnic backgrounds. Insights from these studies
will lead to a better understanding of the etiology and pathogenesis of MGUS and MM.

Five-year view
In 5 years, improved techniques for the prognostication of MGUS/SMM may be available
through the identification of novel biomarkers. There should be a better understanding of the
pathogenesis of the progression of MGUS to MM, which might allow for the identification of
potential agents for chemoprevention. Preliminary results of currently planned studies of
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prevention in patients with SMM will be available. Results from larger epidemiologic studies
on populations that are ethnically diverse and span a wider age range will inform the community
on the societal burdens of MGUS.

Key issues

• Monoclonal gammopathy of undetermined significance (MGUS) is one of the
most common premalignant conditions, affecting more than 3% of those over the
age of 50 years.

• There are striking differences in the prevalence and clinical features of MGUS
among different racial and ethnic groups, as well as familial aggregation
supporting a role for genetic factors in the pathogenesis of MGUS and multiple
myeloma (MM).

• Serum-free light-chain analysis is a useful tool for the diagnosis and assessment
of prognosis of MGUS.

• Virtually all patients with MM have a preceding MGUS.

• The reasons for progression from MGUS to MM remain unknown.

• MM remains incurable and given the universal existence of a premalignant state,
chemoprevention trials are of major interest.

• The standard of care for MGUS/smoldering MM remains careful clinical
observation for evidence of progression to symptomatic MM.
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Figure 1. Multistep model for the molecular pathogenesis of MGUS and myeloma
Four early, partially overlapping oncogeneic events (cyclin D dysregulation, hyperdiploidy,
chromosome 13 deletion, and primary IgH translocations) are shared by MGUS and MM
tumors. The relative timing of these four events is not fully understood, although primary IgH
translocations are thought to occur in germinal center B cells. Other oncogenic events are
thought to occur later, and mostly in MM tumors, but sometimes are found in MGUS tumors.
Late oncogenic events (e.g., MYC rearrangement and p53 activation) appear to occur mainly
in advanced MM tumors. Estimates of the timing of various events are indicated by solid and
dashed (reflecting less certainty) lines. See text for additional details. MGUS: Monoclonal
gammopathy of undetermined significance; MM: Multiple myeloma.

Weiss and Kuehl Page 14

Expert Rev Hematol. Author manuscript; available in PMC 2011 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. Proposed models for the patterns of the MGUS to MM progression
MGUS: Monoclonal gammopathy of undetermined significance; MM: Multiple myeloma;
SMM: Smoldering multiple myeloma. Redrawn with permission from [51], Nature Publishing
Group.
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Figure 3. Abnormal serum-free light-chain ratio may signal the onset of multiple myeloma
Modified with permission from [50].
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Table 1

International Myeloma Working Group Criteria for the diagnosis of monoclonal gammopathy of undetermined
significance and asymptomatic (smoldering) multiple myeloma.

Parameter
Monoclonal gammopathy of undetermined
significance

Asymptomatic (smoldering) multiple
myeloma

Serum monoclonal protein <3 g/dl ≥3 g/dl

and and/or

Bone marrow plasma cells <10% ≥10%

Myeloma-related organ or tissue impairment† Absent Absent

†
The ‘CRAB’ criteria: hypercalcemia, renal failure, anemia and bone lesions.
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