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IMPORTANCE Multiple myeloma is consistently preceded bymonoclonal gammopathy of

undetermined significance (MGUS). Risk models that estimate the risk of progression from

MGUS tomultiple myeloma use data from a single time point, usually the initial workup.

OBJECTIVE To longitudinally investigate the alterations of serum immunemarkers

with stable vs progressive MGUS.

DESIGN, SETTING, AND PARTICIPANTS This prospective cross-sectional cohort study included

77 469 adult participants aged 55 to 74 years in the screening arm of the National Cancer

Institute Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial who had a diagnosis

of progressing MGUS (n = 187) or stable MGUS (n = 498), including light-chain subtype, from

November 1993, through December 2011. For each participant, all available serially stored

prediagnostic serum samples (N = 3266) were obtained. Data analysis was performed from

April 2018, to December 2018.

MAIN OUTCOMES ANDMEASURES Serum protein andmonoclonal immunoglobulin levels,

serum free light chains, and serum light chains within each immunoglobulin class were

measured.

RESULTS Of 685 individuals included in the study, 461 (67.3%) weremen; themean (SD) age

was 69.1 (5.6) years. In cross-sectional modeling, risk factors associated with progressive

MGUSwere IgA isotype (adjusted odds ratio [OR], 1.80; 95% CI, 1.03-3.13; P = .04), 15 g/L or

moremonoclonal spike (adjusted OR, 23.5; 95% CI, 8.9-61.9; P < .001), skewed (<0.1 or >10)

serum free light chains ratio (adjusted OR, 46.4; 95% CI, 18.4-117.0; P < .001), and severe

immunoparesis (�2 suppressed uninvolved immunoglobulins) (adjusted OR, 19.1; 95% Cl,

7.5-48.3; P < .001). Risk factors associated with progressive light-chain MGUSwere skewed

serum free light chains ratio (adjusted OR, 44.0; 95% CI, 14.2-136.3; P < .001) and severe

immunoparesis (adjusted OR, 48.6; 95% CI, 9.5-248.2; P < .001). In longitudinal analysis of

participants with serial samples prior to progression, 23 of 43 participants (53%) had high-risk

MGUS before progression; 16 of these 23 (70%) experienced conversion from low-risk or

intermediate-risk MGUSwithin 5 years. Similar results were found for light-chain MGUS.

CONCLUSIONS AND RELEVANCE The findings of evolving risk patterns support annual blood

testing and risk assessment for patients with MGUS or light-chain MGUS.
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W
orldwide more than 120000 individuals per year

are diagnosed with multiple myeloma.1 This can-

cer is characterized by the proliferation of abnor-

malmonoclonal plasma cells derived fromB cells in the bone

marrow. Frequently, there is invasion of the adjacent bone,

which destroys skeletal structures and causes bone pain and

fractures inmore than80%ofnewlydiagnosedpatients.2The

abnormal plasma cells can produce monoclonal (M) proteins

and circulating free light chains (FLCs) detectable in periph-

eral blood. Approximately 15% to 20% of newly diagnosed

patientswithmultiplemyeloma secreteFLCsonly.2Renal im-

pairment, commonly caused by FLCs or hyperviscosity from

excessiveamountsofMprotein in theblood, affectsup to40%

of newly diagnosed patients.3Multiplemyeloma is one of the

few cancers with a defined precursor condition, monoclonal

gammopathy of undetermined significance (MGUS),which is

detectable inperipheral blood.4Similarly, the light-chain sub-

type of multiple myeloma is preceded by light-chain MGUS.4

Recent population-based screening studies have shown

that MGUS can start at age 30 years5,6 and is found in 2.3% of

individualswho are 50years or older.6Because there is no es-

tablishedscreening forMGUS in thegeneralpopulation todate,

it is typically diagnosed incidentally duringmedicalworkups

for other reasons (such as infectious, neurologic, or rheuma-

tologic symptoms or as part of blood screening for life

insurance).7 Long-term retrospective follow-up studies7-9 of

individuals diagnosed with MGUS have shown 0.5% to 1.0%

annual risk of progressing tomultiple myeloma. Riskmodels

usingdata fromasingle timepoint (usually the initialworkup)

have been proposed to estimate the risk of progression from

MGUS to multiple myeloma.7,9 This modeling has led to de-

velopmentof clinical consensusguidelines recommendingan-

nualperipheralbloodmonitoringofserumproteinmarkersand

other assays for patientswith intermediate-risk andhigh-risk

MGUS.10 Smaller retrospective studies11-13 suggest that evolv-

ing changes in M protein levels may be associated with pro-

gression;however, in clinical practice,mostpatients are coun-

seled based on their risk profile at initial workup. Limited

information is available regarding the risk of progression from

light-chainMGUS to light-chainmultiplemyeloma, and clini-

cal guidelines for this condition are lacking.14

We conducted, to our knowledge, the first prospective

study to longitudinally investigate thedynamics of serum im-

mune markers in individuals with myeloma precursor dis-

ease. The primary outcome of the analysis was progression

fromMGUS tomultiplemyelomaor from light-chainMGUS to

light-chain multiple myeloma.

Methods

Study Population

The prospective National Cancer Institute Prostate, Lung,

Colorectal, andOvarian (PLCO)CancerScreeningTrial haspre-

viously been described in detail.15 The PLCO Cancer Screen-

ing Trial was conducted according to a protocol approved by

the institutional review boards of the National Cancer Insti-

tute and the 10 screening centers, and the current investiga-

tion was approved by the National Cancer Institute Special

Studies institutional reviewboard. Participantsprovidedwrit-

ten informed consent in accordance with the Declaration of

Helsinki16 at the trial baseline.

The PLCO Cancer Screening Trial included 77 469 indi-

viduals aged 55 to 74 years who had a diagnosis of progress-

ingMGUS (n = 187) or stableMGUS (n = 498), including light-

chain subtype, fromNovember 1993, throughDecember 2011.

The selectionof screening-armparticipants for the current in-

vestigation is summarized in the eMethods in the Supple-

ment. In brief, serial prediagnostic serum samples from 208

patients with multiple myeloma diagnosed during follow-up

were selectedwithsamples fromthe latest available studyyear

for 5916 persons who never received a diagnosis of multiple

myeloma or another hematologic malignancy. In the latter

group, individuals with non-IgM MGUS or light-chain MGUS

that did not progress to multiple myeloma or light-chain

multiple myeloma were identified, and all earlier available

serum samples from these individuals were selected.

Laboratory Tests

For all participants, prediagnostic serum samples (0.5 mL)

stored at –70 °C were thawed, blindly processed, and ana-

lyzed in an identical fashion.All assayswere conductedatThe

Binding Site (Birmingham, United Kingdom). Serum protein

electrophoresis and immunofixationelectrophoresiswereper-

formed on agarose gel (Hydrasys and Hydragel; Sebia). Lev-

els of serumFLCswere determined in all study samples using

Freeliteassays (TheBindingSite), andserumlightchainswithin

each immunoglobulin class (ie, IgGκ, IgGλ, IgAκ, IgAλ, IgMκ,

and IgMλ)weremeasuredusingHevylite assays (TheBinding

Site); these assays were performed on a SPAPLUS turbidim-

eter (The Binding Site).

Statistical Analysis

Cross-sectional Marker Analysis

First, the risk of progression in association with each marker

was analyzedusing theprediagnosticmeasurements fromthe

time pointmost proximal to themultiplemyeloma diagnosis

Key Points

Question Are changes in serum immunemarker results

associated with disease progression frommonoclonal

gammopathy of undetermined significance (MGUS)

to multiple myeloma?

Findings In this cohort study of 685 individuals with a diagnosis

of progressing or stable MGUS, in longitudinal analysis of

individuals with serial samples prior to progression, 23 of 43 (53%)

had high-risk MGUS before progression, and 16 of these 23 (70%)

experienced conversion from low-risk or intermediate-risk MGUS

tomultiple myelomawithin 5 years; similar results were found

for light-chain MGUS. Evolving monoclonal proteins, serum-free

light chains, and immunosuppression were associated with

disease progression.

Meaning These findings support annual blood testing and risk

assessment for all individuals with MGUS or light-chain MGUS.
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date for cases or the selectiondate forMGUSwithout progres-

sion and light-chainMGUS controls. Serum immunemarkers

proposed in previous studies were included.7,9 Odds ratios

(ORs) and 95% CIs for associations were estimated with case

status using logistic regression models with and without ad-

justment for sex, race/ethnicity, study center, andage andcal-

endar year at the most proximal blood sample obtainment.

Patterns of SerumMarkers

Using the results from the cross-sectional analyses, a scoring

system was developed based on accumulated points. For

MGUS, the following variableswere defined as risk factors for

progression: M spike with IgA isotype (1 point), M spike con-

centration of 15 g/L or more (to convert to grams per decili-

ters, divide by 10.0) (1 point), serumFLC ratio less than 0.1 or

more than 10 (1 point), and immunoparesis (≥1 uninvolved

immunoglobulins below lower level of normal; 1-2 points).

In the scoring system for light-chain MGUS, serum FLC ratio

less than 0.1 or more than 10 (1 point) and immunoparesis

(1, 2, or 3 points) were used as risk factors. The score was

defined as the total number of points assigned to risk factors

for each individual blood sample. Scores for select individu-

als are as follows as shown inTable 1:MGUS (0-1, low-risk and

low-risk light chain; 2, intermediate-risk and intermediate-

risk light chain; ≥3, high-risk and high-risk light chain).

Marker changes in a subset of patientswere also assessed

(see the eMethods in the Supplement for details on the

models).17,18 Patients with MGUS that progressed to multiple

myeloma (case patients) and patientswithMGUS that did not

progress (controls)were selected andmatched in a 1:1 control-

to-case ratio on thebasis of age (within6years), sex, and race/

ethnicity. For each case, the samplemost proximal to themul-

tiplemyelomadiagnosiswas identifiedandacontrol of similar

agewasmatched at the blood sample obtainmentmost proxi-

mal to cohort exit. The age atmultiplemyelomadiagnosis for

the case was assigned as the age of selection for the control.

Matched controls had to be free of multiple myeloma at the

time of the diagnosis of the corresponding case. For 3 cases,

no match could be identified, resulting in 159 cases and 156

matched controls. Using the samematching criteria, for each

individual with progressing light-chainMGUS (cases), 2 indi-

viduals with stable light-chain MGUS (controls) were se-

lected (28cases, 56matchedcontrols).Forall cases, all samples

available before the multiple myeloma diagnosis date were

used, and the selection date for the controls was used. Mod-

els to the log-transformedmarkerdata that allowed the slopes

for time to vary for cases and controlswere fit by including in-

teraction terms of case statuswith time. The 2-tailedP values

for these interaction termswere presented as evidence of dif-

ferences inmarker trajectories for cases (individualswithdis-

ease progression) and controls (individuals without disease

progression).Differences in characteristics betweencases and

controlswere assessed using Fisher exact and χ2 tests. Analy-

sis was performed in SAS, version 9.4 (SAS Institute). Data

analysis was performed from April 2018, to December 2018.

Results

Of685 included in the study, 461 (67.3%)weremen; themean

(SD)agewas69.1 (5.6)years.We identified 187 individualswith

progression from non-IgM MGUS to multiple myeloma and

from light-chain MGUS to light-chain multiple myeloma

and 498 individuals whose diagnosis remained non-IgM

MGUS without progression and light-chain MGUS without

progression to multiple myeloma through 16 years or less of

follow-up (eTable 1 in the Supplement). For each participant,

we obtained all available serially stored prediagnostic serum

samples, collecting 3266 samples in total.

Non-IgMMGUS Risk Factors and Patterns of Progression

Cross-sectional Modeling

Associations with progression from non-IgM MGUS to mul-

tiple myeloma by immunoglobulin isotype, concentration of

theMspike, skewedserumFLCratio, and immunoparesis from

the time point most proximal to diagnosis or selection are

shown in theTable 2. Comparedwith individualswith IgG iso-

type, thosewith IgA isotypehadamodest but statistically sig-

nificant increased riskofprogression tomultiplemyeloma (ad-

justed OR, 1.80; 95% CI, 1.03-3.13; P = .04). Participants who

hadanMspike concentrationof 15g/Lormoreweremore than

23 timesmore likely to developmultiplemyeloma compared

with those with a lower concentration of the protein (ad-

justed OR, 23.5; 95% CI, 8.9-61.9; P < .001). We also evalu-

ated risk of progression among participants with altered se-

rumFLC ratios outside the published reference range of 0.26

to 1.65.7,8 Compared with individuals with a serum FLC ratio

within thenormal reference range, thosewith a serumFLC ra-

tio less than 0.1 or more than 10 were 46 timesmore likely to

develop multiple myeloma (adjusted OR, 46.4; 95% CI, 18.4-

117.0; P < .001). We assessed the risk of progression by sever-

ity of the immunoparesis, as defined by the number of sup-

pressed, uninvolved immunoglobulins (IgG, IgA, and/or IgM).

Compared with those with no evidence of immunoparesis,

individuals with 2 suppressed uninvolved immunoglobulins

were more likely to have disease progression to multiple

myeloma (adjusted OR, 19.1; 95% Cl, 7.5-48.3; 29% vs 3%;

P < .001). As described in the Methods section, we defined a

Table 1. AdverseMarkers for Progression

Variablea Adverse Marker Points

MGUS

M spike isotype IgA 1

M spike concentration ≥15 g/L 1

Serum FLC ratio (κ:λ) <0.1 or >10 1

Immunoparesis Uninvolved immunoglobulins
below lower level of normal

1 or 2

Light-chain MGUS

Serum FLC ratio (κ:λ) <0.1 or >10 1

Immunoparesis Uninvolved immunoglobulins
below lower level of normal

1, 2, or 3

Abbreviations: FLC, serum free light chain; M spike, monoclonal spike;

MGUS, monoclonal gammopathy of undetermined significance.

aMGUS risk category for progression tomultiple myeloma: 0 to 1, low-risk and

low-risk light chain; 2, intermediate-risk and intermediate-risk light chain;

3 or higher, high-risk and high-risk light chain.
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risk score based on the identified risk factors (Table 1).

Based on the clinical risk score, we plotted longitudinal pat-

terns of progression to multiple myeloma (eFigure 1 in the

Supplement).

Changes in ImmuneMarker Values Over Time

Weused information for all available serumsamples frommul-

tiple myeloma cases (n = 159) andmatched controls (n = 156).

Specifically, we plotted the M spike concentration and the in-

volved serum FLC concentration from individual samples

against the years before the multiple myeloma diagnosis (for

cases) and selection (for controls) (Figure 1andeFigure2 in the

Supplement). IncreasingMspikeconcentration (P = .06 for lin-

ear term and P = .02 for quadratic term), increasing involved

serum FLC levels (P = .01), and an increasing number of sup-

pressed uninvolved immunoglobulins (P < .001) were associ-

ated with higher risk of progression tomultiplemyeloma.

To investigate patterns of serummarkers, we conducted

another analysis of longitudinal data (eMethods in theSupple-

ment). These analyseswere limited to individualswith at least

1 prediagnostic serum samplewithin 2 years of diagnosis and

at least 3 serial samples. For patientswithMGUSwithout pro-

gression tomultiple myeloma, we required at least 8 years of

follow-up. Our final selection for these analyses included 43

multiple myeloma cases and 108 controls with MGUS with-

out progression. Twenty-three of the 43 selected case pa-

tientswithMGUS that progressed tomultiplemyeloma (53%)

had a high risk score beforemultiplemyeloma diagnosis, and

only 1 of 108 controlswithMGUS that didnot progress tomul-

tiplemyeloma had a high risk score (P < .001) (Figure 2). Fur-

thermore, amongcasepatientswithMGUSthatprogressedand

had a high risk score before multiple myeloma diagnosis, 16

(70%) had preceding blood samples with low-risk and/or

intermediate-risk scores. Among those with disease progres-

sion, a high risk score was detected up to 5 years before mul-

tiple myeloma diagnosis (Figure 2). Among those with dis-

ease progression without a high risk score, 9 had available

storedblood samples 1 year beforemultiplemyelomadiagno-

sis; 5 had intermediate-risk MGUS, and 4 had low-risk MGUS

(Figure 2 andeTable 2 in theSupplement).Of individualswith

disease progression, 9 (21%) fulfilled the diagnostic blood-

based criteria for smoldering multiple myeloma (ie, M spike

concentration ≥30 g/L),19 and 6 (14%) fulfilled the diagnostic

blood-based criteria for multiple myeloma (ie, serum FLC ra-

tio ≥100and involved serumFLCconcentration≥10mg/dL)20

before clinical multiple myeloma diagnosis; none of those

Table 2. SerumProteinMarkers AssociatedWith Progression: Cross-sectional Analysis

Serum Protein Marker

MGUS Light-chain MGUSa

Without
Progression,
No. (%) of
Controls
(n = 281)

Progression to Multiple Myeloma
(n = 159)

Without
Progression
(n = 217)

Progression to Light-chain Multiple Myeloma
(n = 28)

Case,
No. (%)

OR (95% CI)
Control,
No. (%)

Case,
No. (%)

OR (95% CI)

Unadjusted Adjusted Unadjusted Adjustedb

Immunoglobulin
isotype

IgG 216 (76.9) 109 (68.6) 1 [Reference] 1 [Reference] NA NA NA NA

IgA 47 (16.7) 45 (28.3) 1.90 (1.2-3.0) 1.80 (1.0-3.1) NA NA NA NA

Biclonal 18 (6.4) 5 (3.1) 0.55 (0.2-1.5) 0.49 (0.1-1.6) NA NA NA NA

M spike
concentration

<15 g/L 178 (96) 88 (55.3) 1 [Reference] 1 [Reference] NA NA NA NA

≥15 g/L 8 (4) 62 (39.0) 15.68
(7.2-34.2)

23.50
(8.9-61.9)

NA NA NA NA

Serum FLC ratio

0.26-1.65 185 (65.8) 37 (23.3) 1 [Reference] 1 [Reference] NA NA NA NA

0.10-0.26 or
>1.65 to 10

86 (30.6) 57 (35.8) 3.31 (2.0-5.4) 3.45 (1.9-6.7) 205 (94.5)c 7 (25.0)c 1 [Reference]c 1 [Reference]c

<0.10 to >10 10 (3.6) 65 (40.9) 32.5
(15.3-69.0)

46.4
(18.4-117.2)

12 (5.5) 21 (75.0) 51.3
(18.2-144.1)

44.0
(14.2-136.3)

Immunoparesisd

0 211 (75.1) 64 (40.2) 1 [Reference] 1 [Reference] 190 (87.6) 13 (46.4) 1 [Reference] 1 [Reference]

1 45 (16.0) 45 (28.3) 3.30 (2.0-5.4) 3.01 (1.7-5.5) 22 (10.1) 5 (17.8) 3.32 (1.1-10.2) 3.98 (1.1-14.8)

2 7 (2.5) 45 (28.3) 21.2 (9.1-49.3) 19.1 (7.5-48.3) 5 (2.3) 10 (35.7) 23.2 (8.7-98.2) 48.6 (9.5-248.2)

Abbreviations: FLC, free light chain (κ:λ); M spike, monoclonal spike;

MGUS, monoclonal gammopathy of undetermined significance; NA, not

applicable; OR, odds ratio.

SI conversion: To convert M spike to grams per deciliters, divide by 10.0.

aModels for light-chain–secreting multiple myeloma and light-chain MGUS

cases were not adjusted for race/ethnicity owing to small numbers of

light-chain multiple myeloma cases for nonwhite persons. Analysis was

performed in SAS, version 9.4 (SAS Institute).

bORs and 95% CIs are adjusted for sex, age at most proximal blood sample

obtainment (continuous), race/ethnicity (non-Hispanic white, non-Hispanic

black, and other [Hispanic, Asian, and Pacific Islander]), calendar year of

most proximal blood sample obtainment (1995-1998, 1999-2002, and

2003-2006), and study center (coded as Upper Midwest [Wisconsin and

Minnesota], West/South [Colorado, Hawaii, Missouri, Utah, and Alabama],

and East [Georgetown, Detroit, and Pittsburgh]).

c FLC ratio is 0.1 to 10 with no exclusion.

d Immunoparesis is the number of uninvolved immunoglobulins (IgG, IgA, or

IgM) below the lower level of normal.
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without disease progression fulfilled these criteria (P < .001)

(eTable 2 in the Supplement). Blood-based criteria for mul-

tiple myeloma were detected up to 5 years before diagnosis

(Figure 2). Severe immunoparesis (2 uninvolved immuno-

globulins below the lower level of normal) was found in pre-

diagnostic blood samples from 18 of 43 individuals with dis-

ease progression (42%) and 4 of 108 without disease

progression (4%) (P < .001) (eTable 2 in the Supplement).

Risk Factors and Patterns of Progression

Among IndividualsWith Light-ChainMGUS

Cross-sectional Modeling

Among individualswith light-chainMGUS, thosewithahighly

skewed serum FLC ratio (defined as <0.1 or >10) at the time

pointmostproximal todiagnosis or selectionweremore likely

to experience progression to light-chain multiple myeloma

compared with those for whom the serum FLC ratio was less

skewed (adjusted OR, 44.0; 95% CI, 14.2-136.3; 75% vs 6%;

P < .001) (Table 2). Similar to our findings among case pa-

tients with MGUS, we found more severe immunoparesis in

those with light-chain MGUS that progressed to light-chain

multiplemyeloma comparedwith controlswith stableMGUS

(adjusted OR, 48.6; 95% CI, 9.5-248.2; 36% vs 2%; P < .001).

Based on our clinical risk score (Table 1), we plotted longi-

tudinal patterns of progression to light-chain multiple

myeloma (eFigure 1B in the Supplement).

Changes ofMarker Values

We used all available serum samples from light-chain mul-

tiple myeloma cases (n = 28) and matched light-chain MGUS

controls (n = 56) andplotted the involved serumFLC concen-

tration from individual samples by number of years before

multiplemyelomadiagnosis (for cases) and selection (for con-

trols) (Figure 1, C and D). Increased involved serum FLC lev-

els (P < .001) and increased number of suppressed unin-

volved immunoglobulins (P < .001)wereassociatedwithhigher

risk of progression to multiple myeloma.

The secondanalysis of longitudinal datawas limited to in-

dividuals with at least 1 prediagnostic serum sample within

2 years of diagnosis and at least 3 serial samples. For patients

with MGUS without progression to light-chain multiple my-

eloma, we required at least 8 years of follow-up. Our final se-

lection for these analyses included 10 light-chain multiple

myeloma cases and 120 light-chain MGUS cases. Seven of

Figure 1. Progression FromMonoclonal Gammopathy of Undetermined Significance (MGUS) toMultipleMyeloma and Progression

From Light-ChainMGUS to Light-ChainMultipleMyeloma
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the 10 patients with light-chain MGUS (70%) that progressed

to light-chain multiple myeloma had a high risk score before

the light-chainmultiplemyelomadiagnosis; only 1of 120with-

out progression (0.8%) had a high risk score (P < .001)

(Figure3).Amongcasepatientswith light-chainMGUSthatpro-

gressed who had a high-risk status before light-chain mul-

tiplemyelomadiagnosis, 5 (71%)hadprecedingblood samples

with low-risk and/or intermediate-risk scores. Among

patients with disease progression, high-risk status was

detected up to 5 years before multiple myeloma diagnosis

(Figure 3). Blood samples were available for 2 individuals

whowerenot at high riskbeforediseaseprogression; theyhad

Figure 2. Longitudinal Analysis of Risk Scores Among Selected IndividualsWith andWithout Progression

FromMonoclonal Gammopathy of Undetermined Significance (MGUS) toMultipleMyeloma
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intermediate-riskand low-riskMGUS1yearbeforemultiplemy-

elomadiagnosis (Figure3andeTable2 in theSupplement). Six

cases patients with light-chain MGUS (60%) that progressed

met the diagnostic blood-based criteria for light-chain mul-

tiplemyelomabefore their clinicalmultiplemyelomadiagno-

sis, as did 1 of the individuals without progression (0.8%)

(P < .001) (eTable 2 in the Supplement). Blood-based criteria

for multiple myeloma were detected up to 5 years before

multiplemyelomadiagnosis.Severe immunoparesiswas found

in prediagnostic blood samples from 7 of 10 individuals with

disease progression (70%) and 3 of 120 without progression

(2%) (P < .001) (eTable 2 in the Supplement).

Figure3. LongitudinalAnalysisofRiskAmongSelected IndividualsWithandWithoutProgressionFromLight-Chain

MonoclonalGammopathyofUndeterminedSignificance (MGUS) toLight-ChainMultipleMyeloma
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Discussion

With use of data from the PLCO Cancer Screening Trial, to

our knowledge, the first prospective screening study was

performed in 2009 that showed that multiple myeloma was

consistently preceded by MGUS.21 We designed a study of

longitudinal data to investigate dynamics of serum immune

markers in individuals with MGUS. We provided novel

insights by showing that an individual’s risk of progression

from MGUS to multiple myeloma was not constant, and the

same was true for individuals with light-chain MGUS. This

study based on prospectively collected samples may provide

better understanding of the findings of previous retrospec-

tive follow-up studies.7-9 Previously reported annual risk of

progression from MGUS to multiple myeloma of 0.5% to

1.0%7-9 reflected the mean risk among all MGUS cases but

were not applicable to individual patients. In the present

study, we found that individual patients’ clinical risk catego-

ries could convert. Our data suggest that low-risk or

intermediate-risk MGUS can convert to high-risk MGUS and

progress to multiple myeloma in individuals within 5 years.

The same conversion patterns were true for individuals with

light-chain MGUS. This finding is clinically relevant and sup-

ports annual blood testing for all individuals diagnosed with

MGUS or light-chain MGUS, as well as yearly assessment of a

patient’s clinical risk status.

It has been proposed that, based on clinical observations

and retrospective data sets, evolving changes in monoclonal

protein levels are associated with progression.11-13 In this

prospective study, we found that significantly increasing M

spike and involved serum FLC concentrations were detect-

able in patients with disease MGUS progression more than 5

years before multiple myeloma diagnosis; case patients with

progressing light-chain MGUS similarly had significantly

increasing involved serum FLC concentrations. When we

combined individual markers into a risk score for progres-

sion, 53% of patients with progressing MGUS but only 1 of

108 patients with nonprogressing MGUS had a high risk

score. Similarly, we found evidence of high-risk status in

70% of case patients with progressing light-chain MGUS but

only 1 of 120 controls with nonprogressing light-chain

MGUS. Most patients who developed multiple myeloma

after a preceding state of high-risk MGUS had converted

from low-risk or intermediate-risk stages within 5 years

before multiple myeloma diagnosis; similar patterns were

found in patients with light-chain MGUS progression. Four

of 43 (9%) individuals who progressed from MGUS to mul-

tiple myeloma had low-risk score 1 year before the multiple

myeloma diagnosis; 1 of 10 (10%) of progressing light-chain

MGUS were low-risk 1 year before light-chain multiple

myeloma diagnosis.

To our knowledge, there are no previous data on the rate

of smoldering multiple myeloma development on the path-

way to multiple myeloma. Using serum markers before for-

mal diagnosis of multiple myeloma, we found that only 21%

of patients with MGUS progression fulfilled the blood-based

criteria for smoldering multiple myeloma,19 and 14% fulfilled

the criteria for multiple myeloma.20 Of the patients with

light-chain MGUS progression, 60% fulfilled the blood-based

criteria for light-chain multiple myeloma before formal

diagnosis.20 These blood-based criteria were detectable up

to 5 years before formal diagnosis of both multiple myeloma

and light-chain multiple myeloma. However, we did not

have access to bone marrow biopsy results; therefore, we

could not evaluate data on plasma cell percentage.

The biologic features of multiple myeloma are complex,

andDNA sequencing studies have shown that themutational

landscape is already altered in earlier stages of the disease

process.22Although thereareonly limiteddataavailable, it has

been proposed that the host’s biologic features play a role in

the regulation of stable precursor disease vs progression.7,9,23

In our cross-sectional analysis, immunosuppression (≥1 sup-

pressed uninvolved immunoglobulins) was found in 58% of

patientswithMGUSprogression comparedwith 20%of those

without MGUS progression. Among patients with light-chain

MGUS, immunosuppression was found in 54% with disease

progressionand12%withoutprogression.Amongpatientswith

MGUS and light-chainMGUS, thosewith severe immunosup-

pression (≥2 suppresseduninvolved immunoglobulins) had a

significantly elevated risk of progression (MGUS: 29% among

those with progression vs 3% among those without progres-

sion; light-chainMGUS, 18%among thosewithprogressionvs

2%among thosewithout progression). Future studies should

investigate biologic interactions between nontumor and

tumor cells in association with progression.

Limitations

Limitations include the lack of access to bonemarrow biopsy

or aspiratematerial for clinical and biologic characterization.

Conclusions

The findings suggest that individuals with low-risk or inter-

mediate-risk MGUS, including those with light-chain MGUS,

can experience progression to high-risk MGUS multiple my-

elomawithin5years.Our resultsmaybeclinically relevantand

support annual blood tests for all individuals diagnosedwith

MGUS or light-chain MGUS.
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