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Biomarkers reliably predicting progression to multiple myeloma (MM)
are lacking. Myeloma risk has been associated with low blood levels
of monocyte chemotactic protein-3 (MCP-3), macrophage inflamma-

tory protein-1 alpha (MIP-1a), vascular endothelial growth factor (VEGF),
fibroblast growth factor-2 (FGF-2), fractalkine, and transforming growth
factor-alpha (TGF-a). In this study, we aimed to replicate these findings and
study the individual dynamics of each marker in a prospective longitudinal
cohort, thereby examining their potential as markers of myeloma progres-
sion. For this purpose, we identified 65 myeloma cases and 65 matched can-
cer-free controls each with two donated blood samples within the Northern
Sweden Health and Disease Study. The first and repeated samples from
myeloma cases were donated at a median 13 and 4 years, respectively,
before the myeloma was diagnosed. Known risk factors for progression
were determined by protein-, and immunofixation electrophoresis, and free
light chain assays. We observed lower levels of MCP-3, VEGF, FGF-2, 
and TGF-a in myeloma patients than in controls, consistent with previous
data. We also observed that these markers decreased among future myelo-
ma patients while remaining stable in controls. Decreasing trajectories were
noted for TGF-a (P=2.5 x 10-4) indicating progression to MM. Investigating
this, we found that low levels of TGF-a assessed at the time of the repeated
sample were independently associated with risk of progression in a multi-
variable model (hazard ratio = 3.5; P=0.003). TGF-a can potentially
improve early detection of MM.
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ABSTRACT

Introduction

Multiple myeloma (MM) is one of the most common but still incurable hemato-
logic malignancies.1 MM is preceded by monoclonal gammopathy of undetermined
significance (MGUS),2 a premalignant precursor, and smoldering multiple myeloma
(SMM), characterized as an asymptomatic disease stage.3 The annual risk of pro-
gression to MM is about 1% for MGUS4 and 10% for SMM,5 thus patients with
either of these conditions require life-long follow-up.6 The most well established
risk factors for progression to MM are the type and size of the monoclonal (M)-pro-
tein, the free light chain (FLC) ratio, immunoparesis, and the number of plasma
cells in the bone marrow.7,8 Nevertheless, there is a lack of reliable biomarkers pre-
dicting which MGUS and SMM patients will progress to MM and which will
not.9,10

Plasma proteome profiling has been suggested to be of potential value for risk
stratification of MGUS and SMM.11 Low blood levels of six cytokines and growth
factors have been associated with myeloma risk: monocyte chemotactic protein-3



(MCP-3), macrophage inflammatory protein-1 alpha (MIP-
1a), vascular endothelial growth factor (VEGF), fibroblast
growth factor-2 (FGF-2), fractalkine, and transforming
growth factor-alpha (TGF-a).12 However, the study by
Vermeulen et al.12 that documented these associations did
not allow investigation of changes in immune markers in
relation to the risk of progression to full-blown disease. 

Herein we aimed to replicate the inverse association
between myeloma risk and blood levels of MCP-3, MIP-
1a, VEGF, FGF-2, fractalkine, and TGF-a observed by
Vermeulen et al.12 We hypothesized that pre-diagnostic
marker levels might be useful for predicting progression to
MM. To this end, we analyzed MCP-3, MIP-1a, VEGF,
FGF-2, fractalkine, TGF-a,12 and four additional markers
that have been related to MM pathobiology – macrophage
inflammatory protein-1 beta (MIP-1β),13 interleukin 
(IL)-13,14 tumor necrosis factor-alpha (TNF-a),15 and IL-1016

– in repeated pre-diagnostic plasma samples from 65
myeloma cases and 65 matched cancer-free controls. The
utility of the candidate biomarkers in the prediction of the
development of MM was evaluated by means of a multi-
variable model including known risk factors for progres-
sion.

Methods

Study population
The study was designed as a case-control study nested in a large

population-based prospective cohort called the Northern Sweden
Health and Disease Study (NSHDS).17 Within NSHDS, peripheral
blood samples have been collected from the general population,
with informed consent, since 1984. All collected samples are
frozen within 1 h of the blood having been drawn and thereafter
stored at -80°C at Umeå University Hospital (Sweden). At the
time of sample selection for this study (October 2013), NSHDS
contained samples from more than 100,000 individuals. Through
linkage with the Swedish Cancer Registry, we identified incident
myeloma cases (diagnosed between 1997 and 2013) who had pre-
viously donated at least two pre-diagnostic blood samples within
NSHDS (n=66). Cancer-free controls were selected from the same
cohort, and were matched to cases, in a 1:1 ratio, for sex, age at
blood sample collection (± 5 months), and date of blood sample
collection (± 2 months) (Table 1).

Case classification was performed according to ICD-O-3.18

After acquisition of clinical data by retrospectively studying the
patients’ records, one case was reclassified as MGUS, thus leaving
65 future myeloma cases for inclusion in the present study. The
retrospective record review revealed that at the time of myeloma
diagnosis, 43 cases had MM and 22 had SMM, based on the crite-
ria of the International Myeloma Working Group (IMWG) from
2003.19 Twenty-five of the included cases were included in anoth-
er study based on single samples per participant.12 This study was
approved by the ethical review board at Umeå University (n. 08-
215M and 2017/242-31).

Immune marker and M-protein assessment 
Ten immune markers were measured in duplicate in all samples

(n=260) by a Luminex multiplex assay from Millipore (USA):
MCP-3, MIP-1a, MIP-1β, VEGF, FGF-2, fractalkine, TGF-a, IL-13,
TNF-a, and IL-10. Samples from matched cases and controls were
included in random order in the same analytical batch. Laboratory
personnel were blinded concerning case-control status and
chronological order of samples. All analyses were performed
according to the manufacturer’s protocol (Online Supplementary
Methods). 

M-proteins were assessed in samples from all future myeloma
cases except four (due to insufficient sample volumes) by protein
electrophoresis, immunofixation electrophoresis, and FLC assays
(Online Supplementary Methods). 

Statistical analyses
Immune marker concentrations were log10-transformed for nor-

malization. Multiple imputation was applied to attain concentra-
tion values when measurements were below the limit of quantifi-
cation (3.4% of all data points).20 Differences in immune marker
trajectories between cases and controls were investigated by linear
mixed models as described elsewhere,21 using the lme4 package in
the R environment for statistical computing (The R Foundation for
Statistical Computing) (Online Supplementary Methods).

The effect of immune marker levels on the probability of pro-
gression to MM was evaluated by Kaplan-Meier plots and the log-
rank test. For Kaplan-Meier estimates, time was calculated from
repeated pre-diagnostic blood sample collection to either diagno-
sis of a treatment-requiring condition or latest follow-up without
signs of progression. To define cut-off values for immune marker
concentrations between individuals progressing to MM and others
without signs of progression, we performed receiver operating
characteristic (ROC) analyses. Hazard ratio (HR) associations for
risk factors of progression including dichotomized immune mark-
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Table 1. Characteristics of the study population and the blood samples.
                                               Cases      Controls              Pa

                                                         N            %               N            %

                                                                     65                                  65
Age at sample collection, years

Baseline sample, mean (range)       51        (30-69)            51        (30-68)
Repeated sample, mean (range)      59        (40-74)            59        (40-74)            

Sex
Female                                                     48           73.8                48            73.8
Male                                                         17           26.2                17            26.2

Body mass index
Baseline sample, mean (SD)           26.1         (3.8)             25.4         (4.0)          0.32
Repeated sample, mean (SD)         26.7         (3.7)             26.6         (4.0)          0.96

Smoking status
Baseline sample                                                                                                            0.94

Non-smoker                                         38           58.5                40            61.5
Current smoker                                  15           23.1                14            21.5
Former smoker                                   12           18.4                11            17.0

Repeated sample                                                                                                           0.90
Non-smoker                                         41           63.1                42            64.6
Current smoker                                  14           21.5                12            18.5
Former smoker                                   10           15.4                11            16.9

Individual fasting status
Baseline sample                                                                                                            0.60
≤ 8 hours                                              29           44.6                32            49.2
> 8 hours                                              36           55.4                33            51.8

Repeated sample                                                                                                             1.00
≤ 8 hours                                              36           55.4                36            55.4

> 8 hours                                               29           44.6                29            44.6
Thawing cycles before

Baseline sample                                                                                                            0.80
No                                                           56           86.2                57            87.7
Once                                                       9             13.8                 8             12.3

Repeated sample                                                                                                              0.50
No                                                            63           96.9                65           100.0
Once                                                        2             3.1                 0 

aP calculated using a paired t-test for continuous variables and the chi-square test for categori-
cal variables. SD: standard deviation.



er level, M-protein level,8 type of M-protein,22 FLC ratio,8 and
depression of two uninvolved immunoglobulins,8 were examined
by using a multivariable Cox proportional-hazard model. Testing
the proportional hazards assumption of the applied Cox model,
we found no indication of violation.23 These analyses were per-
formed using SPSS, version 25 (IBM). All applied biostatistical tests
were two-sided. 

Results

Characteristics of myeloma patients
The median times (± standard deviation, SD) from the

pre-diagnostic baseline and repeated samples to myeloma
diagnosis were 12.8 ± 4.5 and 3.9 ± 3.8 years, respectively.
By means of protein electrophoresis, immunofixation
electrophoresis, and FLC assays, at the time of collection
of the pre-diagnostic baseline sample MGUS was detected
in 75% (n=46) of the evaluated patients, while 25%
(n=15) showed no signs of either MGUS or SMM.
Similarly, at the time of collection of the pre-diagnostic
repeated sample, MGUS was detected in 82% (n=50) and
SMM in 7% (n=4) of the evaluated samples, while no

signs of monoclonal gammopathy were yet found among
11% (n=7) of the samples (Figure 1). Myeloma patients
were diagnosed between 1997 and 2013 (n=65). Twenty-
two cases with myeloma had SMM at diagnosis, of whom
15 progressed to MM within 2.4 ± 4.4 years (median ±
SD) (Figure 1). Stratified by International Staging System
(ISS) stage, the median survival was 9.6 years, 5.4 years,
and 4.4 years for patients with ISS 1, ISS 2, and ISS 3,
respectively (Online Supplementary Table S1). 

Immune marker measures and risk of progression to
multiple myeloma

Compared to controls, myeloma cases had lower levels
of MCP-3, VEGF, FGF-2, fractalkine, and TGF-a (Table 2
and Figure 2). Plasma levels of all markers decreased
among future cases, in particular TGF-a (β= -0.019, P=2.5
x 10-4). In contrast, marker levels did not change signifi-
cantly over time among controls (Table 2). The levels of
VEGF, FGF-2, fractalkine, and TGF-a seemed to be higher
in cases than in controls 20 to 25 years prior to diagnosis
(Figure 2) although the differences did not reach statistical
significance within these analyses (data not shown). We per-
formed several sensitivity analyses to evaluate the robust-
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Figure 1. Overview of the pre-diagnostic samples for each included case (1-65) with respect to disease status during the study period. The x-axis is scaled around
the myeloma diagnosis for a clearer overview. Pre-diagnostic disease status was determined for 61 individuals. MGUS: monoclonal gammopathy of undetermined
significance; SMM: smoldering multiple myeloma; MM: multiple myeloma; NA: not available.



ness of our findings. First, we excluded 25 myeloma cases
who were part of a previous study using one pre-diagnos-
tic blood sample for each participant.12 Results of these
analyses rendered wider confidence intervals for β esti-
mates but remained largely similar, without affecting the
interpretation. Furthermore, we investigated the influence
of repeated freezing and thawing by excluding previously
thawed plasma samples (n=19), without finding evidence
that this influenced the results. In addition, to evaluate
whether individual participants influenced results particu-
larly, we performed analyses by repeating all data model-
ing with stepwise exclusion of each individual (leave-one-
out). Excluding individual participants did not affect the
interpretation of our results.

Considering the natural history of MM, we hypothe-
sized that low immune marker levels in samples collected
closer to diagnosis (pre-diagnostic repeated samples)
might be associated with shorter time of progression to
MM (Figure 2). Investigating this, ROC analyses indicated
the potential to predict progression to MM for repeated
measures of MCP-3, FGF-2, fractalkine, and TGF-a. Low

levels [defined by the ROC analyses (Online Supplementary
Table S2)] of MCP-3, FGF-2, and TGF-a were associated
with a shorter time to MM progression (Figure 3). The
greatest accuracy in predicting progression to MM was
observed for TGF-a at the time of the pre-diagnostic
repeated sample [area under the curve (AUC) 0.75, 95%
confidence interval (95% CI): 0.60-0.90] (Online
Supplementary Figure S1). To investigate the value of TGF-
a as a predictor of progression to MM, we included
dichotomized levels in a multivariable Cox proportional-
hazard model together with known risk factors for pro-
gression. This model demonstrated that TGF-a remained
an independent risk factor for progression (Table 3). 

Risk-stratifying patients with MGUS at the time of the
pre-diagnostic repeated sample into two groups, low- or
low-intermediate risk and high-intermediate or high-risk
MGUS, based on criteria suggested by Kyle et al.,4 showed
that low plasma levels of TGF-a might be associated with
shorter time to progression to MM among patients with
low- and low-intermediate risk MGUS (Figure 4). Low lev-
els of TGF-a might also add prognostic information to
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Table 2. Linear mixed modeling of marker levels for all myeloma cases, multiple myeloma cases and smoldering multiple myeloma cases in rela-
tion to 65 cancer-free controls.
Parametera                                                                       All cases (N = 65)                                  MMb (N = 43)                              SMMc (N = 22)
                                                                                         β                     �P                             β                 P                              β                    P

MCP-3                         Control-Cased                                         -0.129                   0.029                               -0.153             0.028                               -0.067                 0.420
                                   Controls x Timee                                       -0.002                   0.560                               -0.002             0.560                               -0.002                 0.601
                                      Cases x Timef                                          -0.008                   0.011                               -0.008             0.032                               -0.005                 0.405
MIP-1a                       Control-Case                                          -0.018                   0.776                               -0.046             0.515                                0.050                  0.591
                                    Controls x Time                                       -0.006                   0.094                               -0.006             0.091                               -0.006                 0.109
                                      Cases x Time                                          -0.010                   0.004                               -0.011             0.005                               -0.006                 0.349
MIP-1β                        Control-Case                                          -0.063                   0.143                               -0.083             0.094                               -0.023                 0.722
                                    Controls x Time                                       -0.003                   0.214                               -0.003             0.243                               -0.002                 0.245
                                      Cases x Time                                          -0.009                9.9 x 10-5                            -0.009             0.001                               -0.008                 0.069
VEGF                           Control-Case                                          -0.128                   0.021                               -0.170             0.009                               -0.035                 0.641
                                   Controls x Time                                       -0.001                   0.820                               -0.001             0.794                               -0.001                 0.775
                                      Cases x Time                                          -0.012                2.2 x 10-4                            -0.013             0.001                               -0.009                 0.161
FGF-2                          Control-Case                                          -0.101                   0.024                               -0.128             0.014                               -0.047                 0.476
                                    Controls x Time                                       -0.002                   0.324                               -0.003             0.348                               -0.002                 0.339
                                      Cases x Time                                          -0.010                4.0 x 10-5                            -0.010             0.002                               -0.011                 0.024
Fractalkine                 Control-Case                                          -0.090                   0.026                               -0.131             0.005                                0.003                  0.965
                                   Controls x Time                                       -0.002                   0.496                               -0.002             0.531                               -0.002                 0.460
                                      Cases x Time                                          -0.007                   0.004                               -0.008             0.004                               -0.002                 0.662
TGF-a                          Control-Case                                          -0.206                   0.029                               -0.260             0.018                                0.088                  0.528
                                    Controls x Time                                       -0.001                   0.852                               -0.001             0.870                               -0.001                 0.841
                                      Cases x Time                                          -0.019                2.5 x 10-4                            -0.020             0.002                               -0.015                 0.125
IL-13                            Control-Case                                          -0.118                   0.238                               -0.165             0.146                               -0.028                 0.849
                                   Controls x Time                                       -0.003                   0.628                               -0.003             0.582                               -0.003                 0.604
                                      Cases x Time                                          -0.011                   0.053                               -0.014             0.049                               -0.006                 0.570
TNF-a                          Control-Case                                          -0.049                   0.318                               -0.082             0.138                                0.022                  0.760
                                    Controls x Time                                       -0.003                   0.306                               -0.003             0.344                               -0.003                 0.346
                                      Cases x Time                                          -0.006                   0.014                               -0.007             0.027                               -0.004                 0.415
IL-10                            Control-Case                                          -0.093                   0.314                               -0.155             0.145                                0.039                  0.772
                                   Controls x Time                                       -0.007                   0.203                               -0.007             0.220                               -0.007                 0.186
                                     Cases x Time                                         -0.013                   0.016                             -0.014             0.036                              -0.009                 0.361

aAll concentration data were log10-transformed and winsorized prior to modeling. bAnalyses restricted to cases who had MM at diagnosis. cAnalyses restricted to cases who had
SMM at diagnosis. dDifference in marker levels between controls and cases (negative β indicates lower levels for cases). eInteraction term for controls with time (negative β indi-
cates declining marker levels over time). fInteraction term for cases with time (negative β indicates declining marker levels closer to diagnosis). MM: multiple myeloma; SMM
smoldering multiple myeloma; MCP-3: monocyte chemotactic protein-3; MIP: macrophage inflammatory protein; VEGF: vascular endothelial growth factor; FGF-2: fibroblast
growth factor-2; TGF-a: transforming growth factor-alpha; IL: interleukin, TNF-a: tumor necrosis factor-alpha. 



MGUS displaying temporally stable M-protein levels and
ratios of involved FLC (Figure 4).

Analyzing baseline and repeated samples separately by
logistic regression, we found risk estimates for MCP-3,
VEGF, FGF-2, fractalkine, and TGF-a at time of the repeat-
ed sample consistent with those in the study by
Vermeulen et al. based on single samples collected at a
median of 6 years before diagnosis (Online Supplementary
Table S3).12

Intriguing clinical courses of two patients
Patient 2 (Figure 1) had bone lesions, dominance of clon-

al bone marrow plasma cells, increased lambda FLC (9560
mg/L), and an IgA lambda M-spike of 1.7 g/L at diagnosis.
At 30 years of age, at the time the pre-diagnostic baseline
sample was collected, MGUS was detectable (1.2 g/L IgA
lambda M-spike and normal FLC). Almost 20 years later,
at the time of the repeated sampling (42 months pre-diag-
nosis), we found no signs of MGUS and normal FLC. Of
note, the TGF-a level decreased between sample collec-
tions and, in our analyses, was classified as low (ROC) in
the repeat sample. 

Patient 56 (Figure 1) was diagnosed as having SMM
with 12% monoclonal kappa plasma cells. Without clini-
cal signs of progression the patient underwent a new bone
marrow examination and, based on the 2003 IMWG crite-
ria,19 was reclassified as having MGUS 6 years after the
SMM diagnosis. In this patient we observed increasing
levels of TGF-a between samples, and the level in the
repeat sample was classified as high (ROC). 

Correlation between predictors
All immune markers investigated were moderately to

very strongly correlated (Online Supplementary Table S4). In
contrast, we found no discernable correlations between
measures of TGF-a and known risk factors of progression
including M-protein level, M-protein type, FLC ratio, pres-
ence or absence of immunoparesis, and total
immunoglobulin levels (data not shown). 

Discussion

Progression to MM from its precursor conditions is
highly heterogeneous.24 Reliable biomarkers allowing
more tailored strategies in the follow-up of MGUS and
SMM are needed.25 Transformation from MGUS to MM
may be a branched process, involving multiple genetic
hits, immune evasion, and cell signaling mediated by
cytokines and growth factors.26 Blood levels of several
immune markers, such as MCP-3, MIP-1a, VEGF, FGF-2,
fractalkine, and TGF-a, have previously been associated
with MM risk.12 Taking advantage of the longitudinal
design of NSHDS, we here add novel information on
these immune markers and their trajectories during
myeloma development. In addition, we evaluated poten-
tial biomarker trajectories in relation to MGUS status and
known risk factors of progression.

Our most important observations were changes in plas-
ma levels of several immune markers among patients who
subsequently developed myeloma. Given the evolution-
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Figure 2. Trajectories of biomarker levels among 65 future myeloma patients and 65 matched cancer-free controls. (A) Mean plasma levels (pg/mL) for cases
(orange) and controls (blue), grouped by pre-diagnostic baseline (S1) and repeated (S2) samples. Error bars represent the standard error of mean. (B) Fold change
between the case and control for matched case-control pairs. S1 and S2 are connected with a line representing increasing (green) or decreasing (red) fold change
over time. Bold lines represent linear regression over all data points. MCP-3: monocyte chemotactic protein-3; MIP: macrophage inflammatory protein; VEGF: vascular
endothelial growth factor; FGF-2: fibroblast growth factor-2; TGF-a: transforming growth factor-alpha; IL: interleukin, TNF-a: tumor necrosis factor-alpha. 
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ary pattern of MM, decreasing measures of VEGF, FGF-2,
fractalkine, and TGF-a might be indicative of disease pro-
gression. The accuracy for predicting progression to MM
was fair for pre-diagnostic repeated measures of TGF-a,
with shorter time to progression in individuals having low
levels of TGF-a (Figure 3). Thus, TGF-a measured in
peripheral blood, could be of interest as a candidate bio-
marker in the follow-up of patients with precursor condi-
tions of MM. 

The results of this study are consistent with previously
published findings based on single samples per partici-
pant.12 Nevertheless, it was unexpected that low blood
levels of VEGF and FGF-2 closer to myeloma diagnosis
might be associated with MM risk and progression as
these growth factors are associated with tumor angiogen-
esis.27 On the other hand, and more in line with our
results, a recent study reported decreasing trends in plas-
ma levels of soluble VEGFR-2 from MGUS to MM.11

Soluble VEGFR-2 is one of two soluble receptors of VEGF

Biomarkers of progression to multiple myeloma

haematologica | 2019; 104(12) 2461

Figure 3. Probability of progression to multiple myeloma from the time of the pre-diagnostic repeated blood sampling until latest follow-up. Immune marker levels
are dichotomized according to receiver operating characteristic optimized cut-off values between individuals who progressed to multiple myeloma (n=58) and indi-
viduals who did not (n=7). (A-D) Patients with low levels of an immune marker are represented in green, those with high levels in blue.

Table 3. Multivariable Cox model for risk factors of progression.
Risk factor                      HRa                   95% CI                          P

TGF-a, pg/mL                                                                                                  
≥ 3.53                                 1.00                                                                     
< 3.53                                 3.53                     1.54 - 8.10                          0.003

M-protein, g/L                                                                                                  
< 15                                     1.00                                                                     
≥ 15                                     1.58                     0.73 - 3.41                          0.249

M-protein type                                                                                                
IgG                                       1.00                                                                     
Non-IgG                             0.69                     0.24 - 1.94                          0.477

Immunoparesisb                                                                                             
No                                        1.00                                                                     
Yes                                      1.20                     0.57 - 2.53                          0.634

FLC ratio                                                                                                           
Normal                               1.00                                                                     
Abnormal                           2.05                     0.66 - 6.31                          0.213

aHazard ratio (HR) association. bDepression of two uninvolved immunoglobulins.
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and is involved in the regulation of lymphangiogenesis.28

Furthermore, serum levels of FGF-2 were found to be
lower in individuals with systemic sclerosis than in
healthy controls, possibly reflecting underlying defective
angiogenesis in the former.29 This could be of interest as
systemic sclerosis is associated with an increased risk of
developing B-cell lymphoid malignancies.30 TGF-a, a lig-
and of the epidermal growth factor receptor, is a mediator
of oncogenesis and malignant progression.31 It is thus bio-
logically counterintuitive that we observed decreasing
plasma levels of TGF-a among future myeloma cases.
Dysregulated blood marker levels could theoretically
reflect cancer immune evasion32 or be a result of the ongo-
ing disease process including a shift of immune-related
cells towards the bone marrow microenvironment.33

However, to the best of our knowledge these processes

have not been reported to involve TGF-a. Our data indi-
cated that the levels of VEGF, FGF-2, and TGF-a were
higher in cases than in controls, decades before their diag-
nosis of MM  (all P>0.05). Interestingly, it was recently
shown that blood levels of VEGF and TGF-a are largely
influenced by heritable factors.34 One might speculate that
this could reflect a genetic predisposition, leading to
reversed plasma levels of these proteins during the ongo-
ing disease process. It is important to note that plasma
marker levels do not necessarily reflect microenvironmen-
tal conditions in the bone marrow. This was illustrated by
a small study, including 30 MM patients and 10 healthy
controls, in which higher TGF-a levels were observed in
the bone marrow of MM patients than in controls, but lev-
els in the peripheral blood were lower in the MM patients
than in the controls, although the differences did not reach
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Figure 4. Probability of progression of monoclonal gammopathy of undetermined significance to multiple myeloma depending on transforming growth factor-alpha
level at pre-diagnostic repeated sampling. Patients with low transforming growth factor-alpha (TGF-a) levels are represented in green, those with high levels in blue.
Probability of progression of monoclonal gammopathy of undetermined significance (MGUS) according to TGF-a levels in patients with (A) low- (no risk factor) or low-
intermediate-risk (one risk factor) MGUS (n=28) or (B) high-intermediate- (two risk factors) or high-risk (three risk factors) MGUS (n=22). Risk factors considered were:
M-protein ≥15 g/L, non-IgG MGUS, and abnormal free light chain (FLC) ratio.4 Risk of progression of MGUS according to TGF-a levels in patients with (C) stable (n=16)
or (D) increasing M-protein levels or involved FLC ratios (n=25) between baseline and repeated samples. Increasing M-protein levels and involved FLC ratios were
defined by an increase ≥25% with either an absolute rise ≥5 g/L for M-protein levels or ≥100 mg/L for involved light chains.
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statistical significance (P=0.334 and P=0.169,
respectively).35 Future studies, including in vitro experi-
ments, could help to understand the role of these markers
in MM development.  

One drawback of this study was the small number of
participants with repeated pre-diagnostic samples avail-
able, limiting the study’s power, particularly for subgroup
analyses. Nevertheless, longitudinal studies might be sta-
tistically more powerful than their counterparts based on
single biological samples.36 Another drawback is the lack
of bone marrow samples both at the time of pre-diagnos-
tic sample collection and at the time of myeloma diagnosis
(collected and stored for later research purpose). Such
samples were not available in this cohort recruited from
the general population but would have been of particular
interest for investigating the trajectories of the markers in
the bone marrow microenvironment. Inclusion of
matched MGUS cases not progressing to MM would also
have improved the study design. Limitations in study
design and size might have affected the validity of the
applied Cox model and may have contributed to the
observation that known risk factors of progression did not
reach formal significance within this analysis.
Nevertheless, the study design has unique features, with
its origin in repeated samples obtained prospectively from
the general population.

The median survival of patients in the present cohort
seemed to be longer than that of other series,37,38 which
might be explained by the small and slightly younger
study population, as well as a higher proportion of SMM
among our cases (33.8%) than that reported by the
Swedish Myeloma Registry (14.4%).39 All cases were diag-

nosed before 2013 and the classification into SMM or MM
was therefore based on IMWG criteria from 2003,19 as the
more recent IMWG criteria from 201440 were not applica-
ble. Interestingly, the number of individuals displaying
high-risk SMM (as defined by a M-protein level ≥30 g/L
and plasma-cell infiltration of ≥10%) at diagnosis (n=6,
9.2%) was higher than expected from other data (4.2%).39

Thus, the median time of progression to MM among
SMM patients (n=15) was 2.4 years, which is shorter than
that reported by other investigators.41,42

In conclusion, we observed changes in immune markers
among future myeloma patients which might be indica-
tive of progression to MM. We found that low plasma lev-
els of TGF-a, measured a median of 3.9 years before the
diagnosis of myeloma, were associated with a 3-fold
increase in risk of progression to MM. This seemed to be
independent from known risk factors of progression in a
multivariable model and might therefore add useful infor-
mation for early prediction of MM. The results of this
study warrant further investigation, ideally in a large
prospective cohort following both MGUS and SMM
patients to evaluate the role of TGF-a as a predictor of
progression to MM.
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