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Soluble BCMA (sBCMA) levels are elevated in monoclonal gammopathy of undetermined significance (MGUS) and smoldering
multiple myeloma (SMM). However, the association between sBCMA levels and prognosis in MGUS and SMM has not been studied.
We retrospectively analyzed sBCMA levels in stored samples from 99 MGUS and 184 SMM patients. Baseline sSBCMA levels were
significantly higher in MGUS and SMM patients progressing to MM during clinical follow up. When stratified according to the
median baseline SBCMA level for each cohort, higher levels were associated with a shorter PFS for MGUS (HR 3.44 comparing
SBCMA =77 vs <77 ng/mL [95% Cl 2.07-5.73, p < 0.001] and SMM (HR 2.0 comparing sSBCMA =128 vs <128 ng/mL, 95% 1.45-2.76,
p < 0.001) patients. The effect of sSBCMA on PFS was similar even after adjusting for the baseline MGUS or SMM risk stratification. We
evaluated paired serum samples and found that sBCMA increased significantly in MGUS and SMM patients who eventually
progressed to MM, whereas among MGUS non-progressors the sBCMA level remained stable. While our results require independent
validation, they suggest that SBCMA may be a useful biomarker to identify MGUS and SMM patients at increased risk of progression

to MM independent of the established risk models.
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INTRODUCTION

The B cell maturation antigen (BCMA), a member of the tumor
necrosis factor superfamily, promotes survival and proliferation of
plasma cells through signal transduction of the B cell activating
factor (BAFF/BLys) and a proliferation inducing ligand [1-3]. The
selective expression of BCMA on mature B cells and plasma cells
(neoplastic cells, in particular) has made it an attractive
therapeutic target for the management of plasma cells disorders,
specifically multiple myeloma (MM) [4-6]. Gamma secretase, a
ubiquitous intramembranous protease, sheds membrane bound
BCMA and releases it into the serum [7]. Previous work has shown
that while serum BCMA (sBCMA) level is present in healthy donors,
the levels are higher among those with monoclonal gammopathy
of undetermined significance (MGUS), smoldering multiple
myeloma (SMM), and MM [8, 9]. Among patients with MM,
increased sBCMA levels correlate with an increased neoplastic
plasma cell burden in the bone marrow, as sSBCMA levels decrease
with response to therapy [9]. In patients with non-secretory MM,
where disease monitoring is a challenge due to the absence of
circulating monoclonal proteins, SBCMA levels correlated with
disease activity based on positron emission tomography (PET)
imaging and bone marrow findings [9]. However, the relative
differences in sBCMA levels between MGUS and SMM patients,
and the association between baseline levels of sSBCMA and risk of
progression to MM have not been assessed in these patient
populations.

MGUS and SMM are precursor plasma cell disorders that are
associated with an increased risk of progression to MM. In MGUS
patients, the risk of progression to MM is ~1% per year [10]. In
SMM patients, the risk of progression to MM is ~10% per year for
the first 5 years post diagnosis, 3% per year for the subsequent 5
years, and 1% per year thereafter [11]. While there are a number of
additional factors associated with an increased the risk of
progression to MM from MGUS or SMM - including immunopar-
esis of normal immunoglobulins, PET findings, and genetic
aberrations — the most widely used risk stratification models for
MGUS and SMM in our clinical practice rely on the baseline serum
free light chain ratio (sFLC), monoclonal protein (MCP) level, bone
marrow plasma cell burden, and monoclonal protein isotype
[12-17]. However, the accuracy of sFLC, MCP, and plasma cell
quantification may be limited by a number of factors, which may
then lead to suboptimal risk stratification. The sFLC may be
abnormal in patients with chronic kidney disease or disorders
associated with reactive plasmacytosis [18, 19]. Migration of
paraproteins, particularly IgA paraproteins, in the beta region of
the serum protein electrophoresis can lead to inaccurate MCP
quantification [20, 21]. Finally, the accuracy of bone marrow
assessments for plasma cell involvement may be limited due to
hemodiluted or poor-quality aspirate samples, patchy neoplastic
plasma cell bone marrow involvement, and significant inter-
observer variability due to the subjective nature of the plasma cell
quantification [22-24]. However, prior studies have shown that
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there is no correlation between sBCMA levels and renal function
[9], suggesting that sSBCMA may be an objective and useful marker
even in patients with renal dysfunction. Therefore, the aim of this
study was first to assess whether sBCMA levels differed between
MGUS and SMM patients at baseline and over time. The second
aim was to assess the utility of sSBCMA in prognosticating the risk
of progression to MM and survival in MGUS and SMM patients.

METHODS

Within our MGUS and SMM biorepository, we selected three cohorts of
patients with paired samples for study: (1) those with baseline MGUS that
progressed to MM; (2) those with baseline MGUS that did not progress to
MM during follow up; and (3) those with baseline SMM that progressed to
MM during follow up. The second sample was obtained prior to initiation
of anti-plasma cell therapy for all patients. In order to increase the SMM
sample size, we included a fourth cohort of SMM patients who did not
progress to MM during follow up and had a baseline sample only. On
further review of the available baseline diagnostic studies, 8 patients met
the revised 2014 criteria for MM [25] and were excluded from the study. An
enzyme-linked immunoabsorbent assay with a polyclonal anti-BCMA
antibody from R&D Systems (Minneapolis, MN, USA; catalogue #DY193E)
was used to measure the sBCMA levels, as previously published [8, 9].
Serum BCMA levels were presented as the mean of triplicate samples for
each specimen. In the older samples, there was no gating of the MCP and
no clinical sFLC; and therefore, sample permitting, a serum protein
electrophoresis and sFLC were also performed on each sample. Electronic
medical records were reviewed to assess baseline clinical data as well as
details regarding progression to MM. This study was approved by the
Mayo Clinic Institutional Review Board.

Statistical analysis

Descriptive statistics were used to quantify baseline characteristics.
Between group comparisons were made using the non-parametric
Wilcoxon test. A Spearman rank correlation was used to assess the
correlation between sBCMA levels and baseline bone marrow biopsy
plasma cell burden, monoclonal protein level, difference in the involved
and uninvolved FLC (dFLC), and quantitative immunoglobulin of the
involved heavy chain. Time to event analyses was performed using the
Kaplan-Meier method in order to assess the progression free survival (PFS)
and overall survival (OS). PFS was defined as the time from first sSBCMA
collection until death or disease progression. Similarly, OS was defined as
time from first sSBCMA collection until death, and patients were censored at
last follow up. and OS were calculated from the time of the first sSBCMA
collection date. The Cox proportional hazards test was used to assess the
hazard ratio for progression or death based on baseline sBCMA level,
adjusted for MGUS or SMM risk stage, as well as baseline serum creatinine.
Given that this study included patients diagnosed prior to the routine
availability of cytogenetics on bone marrow biopsies, the 2/20/20 SMM risk
stratification (risk factors include MCP > 2 g/dL, FLC ratio >20, bone marrow
plasmacytosis >20%) [14] was used to adjust for baseline risk of
progression to MM instead of the revised International Myeloma Working
Group SMM risk model [15]. The MGUS risk stratification was based on the
presence of a MCP = 1.5 g/dL, non-lgG MCP isotype, or an abnormal FLC
ratio [26]. Missing indicators were used to account for missing baseline
staging in the Cox proportional hazards analyses. A Wilcoxon matched
pairs signed rank test was used to assess for statistically significant
changes between the sBCMA levels from samples collected at two
different timepoints. A receiver operating curve was used to determine
sBCMA levels that predicted the risk of progression to MM during follow
up. Cohen’s kappa statistic was used to assess the concordance between
the categorical variables. Statistical analyses were performed using JMP Pro
v14.1 (SAS Institute, Cary, NC). A two-sided p value <0.05 was considered
statistically significant.

RESULTS

A total of 283 patients were identified. Given the wide range of
diagnosis dates (1965-2016), the baseline testing at diagnosis
varied due to changes in clinical practice and the availability of
diagnostic tests. Among those with a diagnosis of MGUS (n = 99),
24 had no imaging to exclude osteolytic lesions, only 25 patients
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Table 1. Baseline characteristics of patients with a diagnosis of MGUS
and SMM at first sample collection.

MGUS (n =99) SMM (n = 184)
Female - n(%) 47 (47) 82 (45)
Median age - years (IQR) 68 (58-75) 64 (55-71)
Median percentage bone 5 (3-9)* 20 (15-30)

marrow plasma cells - n(IQR)

Median hemoglobin - g/dL (IQR) 13.2 (12.3-143)  125(114-13.7)

Median creatinine - mg/dL (IQR) 1.1 (0.9-1.4) 1.1 (0.9-1.3)
Median MCP - g/dL (IQR) 0.5 (0-1.4) 2.1 (1.4-2.9)
Median iFLC - mg/dL (IQR) 35 (2-11.9) 6.45 (2.8-20.3)

Evaluable for risk staging® - n 79 137

0 risk factors - n(%) 19 (24) 43 (31)

1 risk factor - n(%) 24 (30) 36 (26)

2 risk factors - n(%) 34 (43) 41 (30)

3 risk factors - n(%) 2 (3) 17 (13)
Heavy chain isotype

19G - n(%) 52 (53) 138 (75)

IgA - n(%) 29 (29) 40 (22)

Other€ - n(%) 18 (18) 6 (3)
Light chain

Kappa - n(%) 58 (59) 127 (69)

Lambda - n(%) 41 (41) 57 (31)
Median time between diagnosis 0 (0-6.5) 1.9 (0-7.6)

and first SBCMA collection -
months (IQR)

Median sBCMA at first sample
collection (IQR)

?Baseline bone marrow biopsy results were available for 25 MGUS patients
PRisk factors for MGUS patients include a monoclonal protein 1.5 g/dL, an
abnormal free light chain ratio, and a non-IgG monoclonal protein isotype
[26]. Risk factors for SMM patients include a baseline bone marrow plasma
cell percentage >20%, serum free light chain ratio >20, and baseline
monoclonal protein >2 g/dL [14].

“Includes light chain, IgD, and IgM isotypes.

773 (37.9-128.8) 128 (77.4-212)

had a baseline bone marrow biopsy evaluation, and 20 did not
have a baseline sFLC. Similarly, among the patients with a
diagnosis of SMM (n=184), 3 had no imaging to exclude
osteolytic lesions at diagnosis, and 47 had no sFLC within
3 months of diagnosis. Given the time period of diagnosis,
advanced imaging at SMM diagnosis was not the standard of care;
therefore, only 20 (11%) of SMM patients included in this study
had a PET-CT scan, whole-body CT scan or whole-body MRI at
diagnosis. The baseline characteristics of the included study
cohort are shown in Table 1. There was a modest correlation
between the baseline bone marrow plasma cell burden and
sBCMA level (Spearman’s p=0.631, p <0.001) among 82 MGUS
and SMM patients with both a diagnostic bone marrow biopsy
and sBCMA tested on a serum sample collected within 1 month of
diagnosis.). Furthermore, no correlation between the baseline
sBCMA level and serum creatinine was observed in the 127 MGUS
and SMM patients with results available within 1 month of
diagnosis (Spearman’s p = 0.111, p=0.214). A poor correlation
was detected between the sBCMA and quantitative immunoglo-
bulin of the involved heavy chain within 1 month of diagnosis
(n = 84 MGUS and SMM patients, Spearman’s p = 0.398, p < 0.001)
and between the initial sBCMA level and MCP (Spearman’s
p=0462, p<0.001) or dFLC (Spearman’s p=0.383, p<0.001)
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Fig. 1

The value of the first sBCMA sample is shown in patients who progress to active MM during follow up, compared to those patients

who do not progress. A Demonstrates that in MGUS patients, the median baseline sBCMA in patients that did not progress to MM during
follow up was 43.7 (IQR 25.0-82.3) ng/mL, compared to 106.5 (IQR 78.9-227.3) ng/mL in patients that did progress to MM. B Demonstrates
that in SMM patients, the median baseline sSBCMA in patients that did not progress to MM during follow up was 101.7 (IQR 67.4-165.5) ng/mL,
compared to 162.7 (IQR 90.5-275.8) ng/mL in patients that did progress to MM.

collected at the same time-point. There was moderate con-
cordance between high-risk score based on the Mayo 2018 “20/
20/2" model (a score =2) and a high sSBCMA (=128 ng/mL) (Cohen’s
kappa statistic 0.471, p <0.001).

We found a weak negative correlation between sBCMA and
uninvolved quantitative IgA levels (Spearman’s p=—0.466, p <
0.001). Polyclonal immunoglobulin levels were available at diag-
nosis for only 162 (88%) SMM patients, and 49 (49%) MGUS
patients. Of these patients, 16 (33%) MGUS and 120 (74%) SMM
patients had immunoparesis (defined as an uninvolved quantitative
immunoglobulin below the lower limit of normal, and reference
ranges for quantitative immunoglobulins at our institution are
61-356 mg/dL for IgA, 767-1590 mg/dL for IgG, and 37-286 mg/dL
for IgM). There was poor concordance between the presence of
immunoparesis and elevated sBCMA (=128 ng/mL for SMM
patients, =77 for MGUS patients), (Cohen’s kappa coefficient =
0.226, p < 0.001).

The first sSBCMA sample was collected at a median of 0 (IQR
0-6.5) months of diagnosis in MGUS patients, and 1.9 (IQR 0-7.6)
months after diagnosis among SMM patients. The median sBCMA
level at the first sample collection was lower in MGUS patients
(77.3, [IQR 37.9-128.8] ng/mL than those with SMM (128.1, [IQR
77.4-212.0], p<0.001). In MGUS patients, the baseline sBCMA
sample was significantly higher among those who progressed to
MM during follow up (median 106.5 [IQR 78.9-227.3] ng/mL)
compared to patients who did not progress (median 43.7 [IQR
25-82.3] ng/mL), as shown in Fig. 1A. The baseline samples from
the cohort of MGUS patients who progressed to MM were
collected at a later point in the disease course compared to the
MGUS patients who did not progress (median time from diagnosis
0.3 [IQR 0-61.1] vs 0 [IQR 0-0] months, p < 0.001). However, even
when limiting the analysis to those MGUS patients who had a
sample for BCMA measurement within 3 months of diagnosis the
baseline BCMA levels were significantly higher among the
progressors (n =25, median sBCMA level 95.0 ng/mL) compared
to non- progressors (n =43, median sBCMA level 40.1 ng/mL, p <
0.001). Similarly, the baseline sBCMA in SMM patients was also
significantly higher in those who progressed to MM during follow
up (median 162.7 [IQR 90.5-511.8] ng/mL) compared to patients
who did not progress (median 101.7 [IQR 67.4-165.5] ng/mL), as
shown in Fig. 1B. There was no significant difference in the time
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between diagnosis and initial sample collection among SMM
patients who did versus did not progress to MM (1.8 vs 2.2 months,
respectively, p = 0.578).

Serum BCMA predicts PFS and OS in MGUS and SMM patients
Given that there are no established sBCMA cut-offs associated
with an increased risk of progression to MM in MGUS or SMM
patients, time to event analyses were conducted by stratifying
patients into groups based on whether the first sSBCMA sample
was above or equal to the median sBCMA level for the cohort (as
shown in Figs. 2 and 3). Thus, the median sBCMA cut-offs used
were 77 ng/mL for MGUS patients and 128 ng/mL for SMM
patients.

In MGUS patients, the PFS was significantly longer in patients
with a baseline sSBCMA below the median at 11.5 vs. 3.9 years (p <
0.001). The PFS hazard ratio for a baseline sSBCMA =77 ng/mL was
3.4 (95% Cl 2.1-5.7, p < 0.001); the results were no different when
restricting to the subset of MGUS patients with sSBCMA tested on a
sample collected within 1 month of diagnosis (n=68). After
adjusting for baseline MGUS risk stratification [26], the PFS risk
remained significant, though the effect was attenuated slightly
(HR 2.6, 95% ClI 1.5-4.6, p <0.001), as shown in Table 2. In a
univariable analysis, the addition of the baseline serum creatinine
did not significantly affect the Cox proportional hazards model for
PFS. The median OS was 8.6 (95% Cl 7.6-11.5) years for the MGUS
patient cohort. The risk of death, stratified by the sBCMA =77
versus <77 ng/mL, for the entire MGUS cohort and the cohort
tested within 1 month of diagnosis was 2.7 (95% 1.6-4.6, p<
0.001) and 3.0 (95% CI 1.5-5.8, p = 0.002), respectively. The hazard
of death was 2.3 higher (HR 2.3, 95% 1.2-4.1, p = 0.007) in MGUS
patients with a baseline sSBCMA =77 ng/mL, even after adjusting
for the MGUS risk score. In total, 41 patients with MGUS died
without progression to multiple myeloma.

For SMM patients with BCMA values above or equal to the
median (sBCMA =128 ng/dL), the median PFS was significantly
shorter at 1.9 vs 4.7 years (HR 2.0, 95% Cl 1. 5-2.8, p < 0.001). Even
after adjusting for SMM risk incorporating MCP, FLC, and bone
marrow plasmacytosis [14], the PFS risk was 1.5 (95% Cl 1.2-2.1,
p =0.042), as shown in Table 2. The median OS was 9.7 (95% Cl
8-11) years for the SMM patient cohort. High BCMA also was a risk
factor for OS even after adjusting for the baseline SMM risk score

SPRINGER NATURE
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Fig. 2

In MGUS patients (n =99), the first sBCMA sample collected was used to stratify patients into two groups, those with sBCMA

below versus equal to or above the median sBCMA at first sample collection. The A PFS, and B OS are shown, stratified by the median

sBCMA values at first collection.
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Fig. 3 In SMM patients (n = 184), the first sBCMA sample collected was used to stratify patients into two groups, those with sBCMA
below versus above the median sBCMA at first sample collection. The A PFS, and B OS are shown, stratified by the median sBCMA values at

first collection.

Table 2. Uni- and multivariable Cox proportional hazards analyses for progre

Univariable analysis

HR 95% Cl p value HR 95% CI p value
SMM patients (n = 184)
Baseline FLCr >20 vs <20° 1.92 1.27-2.90 0.002 1.57 1.03-2.40 0.035
Baseline MCP > 2 vs <2 mg/dL 1.6 1.16-2.20 0.005 1.37 0.96-1.95 0.084
Baseline BM PC > 20% vs <20% 1.78 1.28-2.46 0.001 1.49 1.01-2.19 0.046
sBCMA at sample 1> 128 vs <128 ng/mL 2.00 1.45-2.76 <0.001 1.46 1.01-2.11 0.042
MGUS patients (n =99)
Baseline non-IgG vs IgG isotype 1.03 0.64-1.67 0.901 1.06 0.63-1.80 0.823
Baseline MCP > 1.5 vs <1.5 g/dL 3.73 2.19-6.38 <0.001 243 1.32-447 0.004
Baseline abnormal FLCr? 242 1.34-4.36 0.003 1.85 1.01-3.40 0.046
sBCMA sample =77 vs <77 ng/mL 3.44 2.07-5.73 <0.001 2.59 1.48-4.55 <0.001

MCP monoclonal protein, BM PC bone marrow plasma cells.
@A missing indicator was used to account for missing data.

SPRINGER NATURE
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Table 3. Changes in laboratory parameters in MGUS and SMM patients over time.
MGUS to MGUS (n =49) MGUS to MM (n = 42) SMM to MM (n = 29) p value
Sample 1
Months between diagnosis and collection 0 (0, 0) 0.3 (0-61) 0.7 (0, 3.15) <0.001
MCP - g/dL 0 (0, 0.7) 1.1 (0, 1.8) 2.3 (1.8, 2.75) <0.001
iFLC, - mg/dL 2.4 (1.8, 4.5) 4.6 (2.1, 11.9) 6.3 (2.4, 18.6) 0.025
dFLC - mg/dL 0.8 (0.4, 2.7) 44 (1.5, 12.6) 6.0 (3.2, 18.3) <0.001
sBCMA - ng/mL 41.9 (24.1, 79.6) 106.5 (78.9, 227.3) 174.9 (84.3, 347.1) <0.001
Months between collection of samples 1 and 2 20.8 (15.8, 37.8) 36.7 (24.4, 51.1) 22.1 (16.0, 32.2) 0.001
Absolute change over time
MCP - g/dL 0 (0, 0) 2.1 (0.9, 2.9) 1.1 (0.7, 1.7) <0.001
iFLC, - mg/dL —0.2 (0.6, 0.6) 184 (3.1, 71.3) 2.3 (0.3, 24.5) <0.001
dFLC - mg/dL —0.05 (—0.39, 0.56) 15.8 (4.1, 73.0) 2.1 (0.4, 24.5) <0.001
sBCMA - ng/mL 2.7 (—9.4,18.1) 311.6 (150.1, 774.5) 302.8 (57.7, 656.5) <0.001
Fold change over time
MCP - g/dL 0 (0.3, 2.8) 1.8 (0.8, 599) 0.3 (0.6) <0.001
iFLC, - mg/dL —0.1 (—0.2, 0.3) 4.2 (0.8, 7.4) 0.6 (0.1, 2.5) <0.001
dFLC - mg/dL —0.01 (—0.5, 0.8) 49 (1.2, 13.8) 0.7 (0.1, 3.3) <0.001
sBCMA - ng/mL 0.1 (0.2, 0.5) 2.7 (0.9, 7.4) 1.2 (0.7, 2.9) <0.001

Data are represented as median (IQR).

(HR 1.7, 95% Cl 1.1-2.5, p =0.015) as well as SMM risk score and
serum creatinine (HR 1.6, 95% Cl 1.1-2.3, p =0.010). In contrast,
when the Cox proportional hazards modeling was restricted to the
69 SMM patients with sBCMA levels from a sample collected
within 1 month of diagnosis, baseline sBCMA was no longer a
significant risk factor for PFS (HR 1.6, 95% Cl 1.0-2.6, p = 0.061)
and OS (HR 1.0, 95% Cl 0.6-1.7, p = 0.919).

Progression to MM is associated with an increase in sSBCMA
levels

In order to assess whether sBCMA levels changed over time,
paired samples were tested at two time-points in patients with
MGUS (n =42) and SMM (n = 29) patients that progressed to MM
during follow up, as well as MGUS patients that did not progress
to MM during follow up (n=49; Table 3). The time between
samples was not consistent between patients, and the median
time between sBCMA samples 1 and 2 was 27 (IQR 16.5-42.6)
months. The second sBCMA sample was collected within 30 days
of progression to MM in 25 (86%) of SMM patients and in 40 (95%)
of MGUS patients. In MGUS patients without progression, there
was no significant difference in sSBCMA over time (p =0.184). In
patients that progressed to MM, the median sBCMA increased by
312 (IQR 150-775, p<0.001) ng/mL or 2.7 fold (IQR 0.9-7.4) for
MGUS patients and by 303 (IQR 58-657, p <0.001) ng/mL or 1.3
fold (IQR 0.7-2.9) among SMM patients. There was no significant
difference in the median change in sSBCMA in MGUS versus SMM
patients who progressed to MM (p =0.494), as demonstrated
visually in Fig. 4.

DISCUSSION

In this study, we showed that baseline sBCMA levels are
significantly higher in SMM patients compared to MGUS patients.
Furthermore, within the MGUS and SMM patient cohorts, the
initial SBCMA levels were significantly higher in MGUS and SMM
patients who eventually progressed to MM during follow up
compared to patients that did not progress. We used the median
sBCMA levels to stratify the MGUS and SMM cohorts into two
groups and found that patients with a baseline sSBCMA above the
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respective medians had significantly worse PFS and OS. Though
the biological mechanisms to explain this association have not
been elucidated, it has been hypothesized that malignant
transformation in SMM and MGUS patients occurs due to both
the clonal evolution of neoplastic plasma cells and alterations in
the normal bone marrow microenvironment [27]. In murine MM
models, SBCMA has been shown to sequester circulating BAFF,
thereby decreasing the stimulation and quantity of normal B-cells
and reducing the normal polyclonal antibody levels [28, 29].
Therefore, it is possible that sBCMA may lead to immune
dysregulation in precursor plasma cell conditions, thereby
increasing the risk of disease progression as well as infection.
While our study showed only a moderate inverse correlation
between sBCMA and quantitative IgA levels in IgG MGUS and
SMM patients, we hypothesize that the degree of immunoparesis
may be more significant at higher sSBCMA levels.

In SMM patients, accurate prediction of the risk of progression
to MM is particularly important given that currently there is clinical
equipoise regarding the optimal management of patients with
SMM. The conventional management has been to closely monitor
patients for signs or symptoms to suggest evolution to sympto-
matic MM. However, given that early therapeutic intervention in
high-risk SMM patients has been shown to decrease the risk of
disease progression [30, 31], treating these patients may be
beneficial. The use of aggressive regimens for a curative intent is
being studied in the ASCENT (ClinicalTrials.gov NCT03289299) and
GEM-CESAR (ClinicalTrials.gov CT02415413) trials. While BCMA-
based therapies have not yet been studied in this context, given
the promising efficacy of BCMA-based immune therapies in highly
refractory MM populations [6, 32, 33], it is possible that they may
be studied to treat high-risk SMM patients in the future.
Identifying the subset of SMM patients that would benefit from
aggressive treatment approaches, in order to justify their potential
risks and toxicities is essential. This requires optimization of
existing prognostication models. In our study, in both the MGUS
and SMM cohorts, an elevated sBCMA level (above the median for
the respective cohort) was associated with an increased risk of
progression to active MM or death even after adjusting for the
baseline MGUS or SMM risk stratification. This suggests that for
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Fig. 4 Demonstration of the change in sBCMA level between sample collection 1 and 2 in paired patient samples, accounting for the
variability in the time between sample collection. The change in sBCMA is shown for patients with A MGUS who did not progress to MM
(n=49), B MGUS patients who did progress to MM (n =42), and C SMM patients who progressed to MM (n = 29).

both MGUS and SMM patients, the baseline sBCMA level has
added prognostic value in addition to risk scores that are routinely
used in current clinical practise [14, 26]. The revised IMWG SMM
risk stratification, which incorporates cytogenetics and a more
defined classification of laboratory and pathology tumor measure-
ments, still has a positive predictive value of <50% for SMM with a
risk score between 0 and 8 [15]. Therefore, additional markers
such as the sSBCMA may improve the ability of existing risk models
to predict patients at higher risk of malignant transformation.
Our study has some limitations. The MGUS and SMM patients
were selected to allow a comparison of those that progressed
compared to those that did not progress. Therefore, our patient
cohorts were skewed to include more progressors than general
MGUS and SMM patient populations, and this likely led to an
overestimation of the median sBCMA levels within the respective
cohorts. Therefore, if the sSBCMA cutoffs used in this study are
applied to a general MGUS or SMM population, they may be less
sensitive at identifying disease progression. Therefore, the sSBCMA
cut-offs used in this study require independent validation. Due to
the retrospective nature of the study, the changes in clinical
recommendations over time, and limited availability of diagnostic
tests for patients diagnosed prior to 2005, baseline advanced
imaging and sFLC were not available for all patients. Therefore, it
is possible that a subset of patients included in this study may
have met the revised SLiM-CRAB criteria for active MM and should
not be part of these study populations [25]. This may explain why
the median sBCMA level in SMM patients in this study was 128 ng/
mL, whereas a study using the same sBCMA assay has previously
reported that SMM patients had a median sBCMA level of 88.9 ng/
mL [9]. While the samples included in this study corresponded to
patients diagnosed over a large time span (1965-2016), we do not
think this would affect our results regarding the association
between sBCMA and progression risk given that the standard of
care during this time period was to monitor patients without
therapy. However, due to significant advancements in myeloma
therapy during this time period, patients progressing to MM in
recent years may have an improved overall survival given the
availability of novel agents such as proteasome inhibitors,
immunomodulatory drugs, monoclonal antibodies, and the
routine use of autologous stem cell transplantation among
eligible patients. Therefore, the time period of MM diagnosis
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and subsequent treatments likely confounds the association
between sBCMA levels and survival.

In this study, we showed that sSBCMA levels increase in SMM
and MGUS patients that progress to MM. However, given the
heterogeneity in the timing between paired samples, and the
fact that second sBCMA was collected at MM progression in
most patients, our study does not address whether changes in
sBCMA levels have added prognostic ability compared with
standard tumor markers such as MCPs and sFLCs. It would be
beneficial to prospectively study the changes in sSBCMA levels
over time, to see if this biomarker could be used to detect
evolution of MGUS/SMM to MM prior to the development of
end organ damage. At present, due to the limited availability of
the sBCMA test in clinical laboratories, it is unlikely to be
incorporated into routine prognostic risk models or used for
monitoring MGUS or SMM very soon. However, given that
BCMA-based therapies have shown promising efficacy in MM
patients, the availability of BCMA assays is likely to increase in
the future.

In conclusion, our study shows sBCMA levels are increased in
precursor conditions such as MGUS and SMM. More importantly,
increased baseline sSBCMA levels in MGUS and SMM patients were
associated with an increased risk of progression and death.
Though our results require independent validation in order to
establish clinically relevant sBCMA cut-offs, these data suggest
that sSBCMA may be a useful biomarker to identify patients at
increased risk of progression to MM.

REFERENCES

1. Sanchez E, Smith EJ, Yashar MA, Patil S, Li M, Porter AL, et al. The role of B-cell
maturation antigen in the biology and management of, and as a potential
therapeutic target in, multiple myeloma. Target Oncol. 2018;13:39-47.

2. O’connor BP, Raman VS, Erickson LD, Cook WJ, Weaver LK, Ahonen C, et al. BCMA
is essential for the survival of long-lived bone marrow plasma cells. J Exp Med.
2004;199:91-98.

3. Tai YT, Acharya C, An G, Moschetta M, Zhong MY, Feng X, et al. APRIL and BCMA
promote human multiple myeloma growth and immunosuppression in the bone
marrow microenvironment. Blood. 2016;127:3225-36.

4. Carpenter RO, Evbuomwan MO, Pittaluga S, Rose JJ, Raffeld M, Yang S, et al. B-cell
maturation antigen is a promising target for adoptive T-cell therapy of multiple
myeloma. Clin Cancer Res. 2013;19:2048-60.

Blood Cancer Journal (2021)11:120



20.

21.

22.

23.

24,

25.

. Benn P, Valenti E, Shah S, Martin K, Demko Z. Initial results from a phase 1 clinical study

of bb21217, a next-generation anti Bcma CAR T therapy. Blood. 2018;132:488-488.

. Lonial S, Lee HC, Badros A, Trudel S, Nooka AK, Chari A, et al. Belantamab

mafodotin for relapsed or refractory multiple myeloma (DREAMM-2): a two-arm,
randomised, open-label, phase 2 study. Lancet Oncol. 2020;21:207-21.

. Laurent SA, Hoffmann FS, Kuhn PH, Cheng Q, Chu Y, Schmidt-Supprian M, et al. y-

secretase directly sheds the survival receptor BCMA from plasma cells. Nat
Commun. 2015;6:7333.

. Sanchez E, Li M, Kitto A, Li J, Wang CS, Kirk DT, et al. Serum B-cell maturation

antigen is elevated in multiple myeloma and correlates with disease status and
survival. Br J Haematol. 2012;158:727-38.

. Ghermezi M, Li M, Vardanyan S, Harutyunyan NM, Gottlieb J, Berenson A, et al.

Serum B-cell maturation antigen: a novel biomarker to predict outcomes for
multiple myeloma patients. Haematologica. 2017;102:785-95.

. Kyle RA, Larson DR, Therneau TM, Dispenzieri A, Kumar S, Cerhan JR, et al. Long-

term follow-up of monoclonal gammopathy of undetermined significance. N
Engl J Med. 2018;378:241-9.

. Kyle RA, Remstein ED, Therneau TM, Dispenzieri A, Kurtin PJ, Hodnefield JM, et al.

Clinical course and prognosis of smoldering (asymptomatic) multiple myeloma. N
Engl J Med. 2007;356:2582-90.

. Zamagni E, Nanni C, Gay F, Pezzi A, Patriarca F, Bello M, et al. 18F-FDG PET/CT

focal, but not osteolytic, lesions predict the progression of smoldering myeloma
to active disease. Leukemia. 2016;30:417-22.

. Dhodapkar MV, Sexton R, Waheed S, Usmani S, Papanikolaou X, Nair B, et al.

Clinical, genomic, and imaging predictors of myeloma progression from asymp-
tomatic monoclonal gammopathies (SWOG S0120). Blood. 2014;123:78-85.

. Lakshman A, Rajkumar SV, Buadi FK, Binder M, Gertz MA, Lacy MQ, et al. Risk

stratification of smoldering multiple myeloma incorporating revised IMWG
diagnostic criteria. Blood. Cancer J. 2018;8:59.

. Mateos, M-V, Umar S, Dimopoulos MA, Gonzélez-Calle V, Kastritis E, Hajek R, et al.

International Myeloma Working Group risk stratification model for smoldering
multiple myeloma (SMM). Blood Cancer J. 2020;10:102.

. Ferndndez de Larrea C, Kyle RA, Durie BG, Ludwig H, Usmani S, Vesole DH, et al.

Plasma cell leukemia: consensus statement on diagnostic requirements, response
criteria and treatment recommendations by the International Myeloma Working
Group. Leukemia. 2013;27:780-91.

. Rajkumar SV, Gupta V, Fonseca R, Dispenzieri A, Gonsalves WI, Larson D, et al.

Impact of primary molecular cytogenetic abnormalities and risk of progression in
smoldering multiple myeloma. Leukemia. 2013;27:1738-44.

. Niewmierzycka A, Kurman M, Lesniak M, Winiarska A, Pawtowska A. Prevalence

and clinical significance of abnormal serum kappa/lambda light chain ratio in
patients with chronic kidney disease. Pol Arch Intern Med. 2015;125:532-7.

. Xu B, Tang Y, Zhou J, Zhang P, Li H. Disease spectrum of abnormal serum free

light chain ratio and its diagnostic significance. Oncotarget. 2017;8:82268-79.
Boyle EM, Fouquet G, Guidez S, Bonnet S, Demarquette H, Dulery R, et al. IgA
kappa/lgA lambda heavy/light chain assessment in the management of patients
with IgA myeloma. Cancer. 2014;120:3952-7.

Rieckenberg M, Collier C, Raymond M, Matthews J. Monitoring of monoclonal
gammopathies: rational use of densitometry and rate nephelometry. Clin Bio-
chem. 1994;27:457-61.

Al-Quran SZ, Yang L, Magill JM, Braylan RC, Douglas-Nikitin VK. Assessment of
bone marrow plasma cell infiltrates in multiple myeloma: the added value of
CD138 immunohistochemistry. Hum Pathol. 2007;38:1779-87.

Went P, Mayer S, Oberholzer M, Dirnhofer S. Plasma cell quantification in bone
marrow by computer-assisted image analysis. Histol Histopathol. 2006;21:951-6.
Stifter S, Babarovi¢ E, Valkovic T, Seili-Bekafigo I, Stemberger C, Nacinovi¢ A, et al.
Combined evaluation of bone marrow aspirate and biopsy is superior in the
prognosis of multiple myeloma. Diagn Pathol. 2010;5:30.

Rajkumar SV, Dimopoulos MA, Palumbo A, Blade J, Merlini G, Mateos MV, et al.
International Myeloma Working Group updated criteria for the diagnosis of
multiple myeloma. Lancet Oncol. 2014;15:e538-e548.

Blood Cancer Journal (2021)11:120

A. Visram et al.

26. Rajkumar SV, Kyle RA, Therneau TM, Melton LJ, Bradwell AR, Clark RJ, et al.
Serum free light chain ratio is an independent risk factor for progression
in monoclonal gammopathy of undetermined significance. Blood. 2005;
106:812-7.

27. Dhodapkar MV. MGUS to myeloma: a mysterious gammopathy of underexplored
significance. Blood. 2016;128:2599-606.

28. Sanchez E, Gillespie A, Tang G, Ferros M, Harutyunyan NM, Vardanyan S, et al.
Soluble B-cell maturation antigen mediates tumor-induced immune deficiency in
multiple myeloma. Clin Cancer Res. 2016;22:3383-97.

29. Thompson JS, Schneider P, Kalled SL, Wang L, Lefevre EA, Cachero TG, et al. Baff
binds to the tumor necrosis factor receptor-like molecule B cell maturation
antigen and is important for maintaining the peripheral B cell population. J Exp
Med. 2000;192:129-36.

30. Lonial S, Jacobus S, Fonseca R, Weiss M, Kumar S, Orlowski RZ, et al. Randomized
trial of lenalidomide versus observation in smoldering multiple myeloma. J Clin
Oncol. 2020;38:1126-37.

31. Mateos M-V, Hernandez MT, Giraldo P, de la Rubia J, de Arriba F, Lépez Corral L,
et al. Lenalidomide plus dexamethasone for high-risk smoldering multiple
myeloma. New Engl J Med. 2013;369:438-47.

32. Berdeja JG, Alsina M, Shah ND, Siegel DS, Jagannath S, Madduri D, et al. Updated
results from an ongoing phase 1 clinical study of bb21217 anti-Bcma CAR T cell
therapy. Blood. 2019;134:927-927.

33. Raje N, Berdeja J, Lin Y, Siegel D, Jagannath S, Madduri D, et al. Anti-BCMA CAR T-
cell therapy bb2121 in relapsed or refractory multiple myeloma. New Engl J Med.
2019;380:1726-37.

ACKNOWLEDGEMENTS
This work was supported in part by the CA168762: and CA107476: NCI grants.

COMPETING INTERESTS

The authors declare no competing interests.

ADDITIONAL INFORMATION

Correspondence and requests for materials should be addressed to A.D.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

BY Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2021

SPRINGER NATURE


http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Serum BCMA levels predict outcomes in MGUS and smoldering myeloma patients
	Introduction
	Methods
	Statistical analysis

	Results
	Serum BCMA predicts PFS and OS in MGUS and SMM patients
	Progression to MM is associated with an increase in sBCMA levels

	Discussion
	Acknowledgements
	Competing interests
	ADDITIONAL INFORMATION




