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Monitoring of the monoclonal protein (M-protein) by electrophoresis and/or

immunofixation (IFE) has long been used to assess treatment response in multiple

myeloma (MM). However, with the use of highly effective therapies, the M-protein becomes

frequently undetectable, and more sensitive methods had to be explored. We applied IFE

and mass spectrometry (EXENT&FLC-MS) in serum samples from newly diagnosed MM

patients enrolled in the PETHEMA/GEM2012MENOS65 obtained at baseline (n 5 223), and

after induction (n 5 183), autologous stem cell transplantation (n 5 173), and consolidation

(n 5 173). At baseline, the isotypes identified with both methods fully matched in 82.1% of

samples; in the rest but 2 cases, EXENT&FLC-MS provided additional information to IFE

with regards to the M-protein(s). Overall, the results of EXENT&FLC-MS and IFE were

concordant in .80% of cases, being most discordances due to EXENT&FLC-MS1 but IFE2

cases. After consolidation, IFE was not able to discriminate 2 cohorts with different median

progression-free survival (PFS), but EXENT&FLC-MS did so; furthermore, among IFE2

patients, EXENT&FLC-MS identified 2 groups with significantly different median PFS

(P 5 .0008). In conclusion, compared with IFE, EXENT&FLC-MS is more sensitive to detect

the M-protein of patients with MM, both at baseline and during treatment, and provides a

more accurate prediction of patients’ outcome. This trial was registered at www.

clinicaltrials.gov as #NCT01916252.
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Key Points

� EXENT&FLC-MS is
more sensitive than
IFE in detecting the
M-protein of MM
patients in serum,
both at baseline and
during treatment
monitoring.

� EXENT&FLC-MS is
more accurate than
IFE to predict
patients’ outcome.
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Introduction

The monoclonal protein (M-protein), secreted by the tumor plasma
cells in patients with multiple myeloma (MM), has long been used as
a biomarker to evaluate treatment response.1 In fact, treatment moni-
toring in MM is mainly based on the identification and quantification
of the M-protein by electrophoresis and/or immunofixation (IFE) in
serum and urine samples.2 Although the clinical value of these meth-
ods has been broadly demonstrated, the current use of highly active
therapies has significantly increased the proportion of patients in
whom the M-protein becomes undetectable by IFE during and after
treatment.3-5 In fact, recent data from the PETHEMA/GEM2012ME-
NOS65 trial showed that standard response criteria were no longer
prognostically meaningful after consolidation.6 Thus, there is an
urgent need to adjust the sensitivity of the techniques used for
response assessment to the current treatment efficacy. In this report,
we explore the results of mass spectrometry (MS) as an alternative
method to detect the M-protein in serum in patients with MM, by
comparing them with those obtained using IFE.

Methods

We included the first 223 out of the 458 newly diagnosed
transplant-eligible patients with MM enrolled the PETHEMA/
GEM2012MENOS65 trial (#NCT01916252), an open-label, phase
3 trial encompassing the administration of 6 induction cycles of bor-
tezomib, lenalidomide, and dexamethasone and autologous stem-
cell transplantation (ASCT) followed by 2 consolidation cycles of
bortezomib, lenalidomide, and dexamethasone.7 Each study site’s
independent ethics committee approved the protocol, and informed
consent forms were required prior to patient enrollment. The study
was conducted according to the Declaration of Helsinki. Patients’
characteristics are detailed in supplemental Table 1. Serum samples
were analyzed at baseline (n 5 223) and after induction (n 5 183),
ASCT (n 5 173), and consolidation (n 5 173).

The presence of an M-protein in serum was assessed in parallel by
IFE on the Hydrasys 2 instrument using the Hydragel 9 kit (Sebia
Inc.) and by MS using the EXENT system (The Binding Site;
Birmingham, UK). Pooled normal serum was used as a negative
control. First, the EXENT-iP500 liquid handler purified the immuno-
globulins through paramagnetic beads coated with polyclonal sheep
antibodies specific for human immunoglobulin G (IgG), IgA, or
IgM heavy chains, and for total k and l light chains (EXENT-MS).
Paramagnetic beads specifically recognizing free k and free l light
chains were also employed (EXENT&FLC-MS). Then, analysis with
the EXENT-iX500 matrix-assisted laser desorption/ionization-time of
flight device was carried out, and mass spectra from 5000 to
32000 mass-to-charge ratio were collected. Spectra were reviewed
using the in-house software. The 12 charge state was used for
interpretation. The mass-to-charge ratio of the M-protein was identi-
fied in baseline samples and was used as a patient-specific tumor
marker in the subsequent ones.

Statistical analyses were performed using the GraphPad Prism v.9.
Progression-free survival (PFS) was defined as time from sample
collection until disease progression or death from any cause, and
curves were constructed using the Kaplan-Meier method and the
(2-sided) log-rank test.

Results and discussion

First, we compared the results obtained with EXENT&FLC-MS and
IFE at baseline (Figure 1A). Both techniques provided fully matched
results in 82.1% (183/223) of cases. Further analysis of the 40
remaining samples showed that: (1) in 24 cases (dark green), both
methods concurred with the isotype of the main clone but
EXENT&FLC-MS identified minor additional peaks; (2) 4 patients
deemed non-secretory by IFE were found to have an M-protein by
EXENT&FLC-MS (yellow); (3) in 5 cases (blue), EXENT&FLC-MS
detected the heavy and light chain of the M-protein but IFE only the
corresponding light chain, and in 2 (light green) IFE identified heavy
and light chains but EXENT&FLC-MS only identified the light chain;
and (4) the 5 cases highlighted in pink corresponded to complete
isotyping discrepancies. These absolute isotyping discrepancies,
although difficult to explain, have already been described by Mills
et al.8

We analyzed the evolution of the results in 12 follow-up samples
obtained from the 24 cases in which, as compared with IFE,
EXENT&FLC-MS identified minor additional peaks besides the main
clone. Whereas in 6 of them both the main and the minor peaks
persisted, in 4 cases only the main peak remained (and the minor
peaks disappeared); most importantly, in 2 cases, only the minor
peaks exclusively identified by EXENT&FLC-MS at diagnosis per-
sisted as a marker of disease. However, further studies are needed
to ascertain whether these minor peaks represent additional tumor
clones. We identified glycosylated M-proteins in 6.3% of cases
(n 5 14), a feature more commonly described in certain diagnoses
(AL amyloidosis9,10 and cold agglutinin disease11) and also associ-
ated with a higher risk of progression in monoclonal gammopathy of
unknown significance.12

Then, we analyzed the results of both methods during treatment
monitoring (Figure 1B). As in previous publications,8,13,14 there was
substantial concordance between EXENT&FLC-MS and IFE at the
3 time points analyzed: 82% post-induction, 86% post-ASCT, and
84% post-consolidation. Most discordances were due to cases
EXENT&FLC-MS1 but IFE2 (15% post-induction, 12% post-ASCT,
and 12% post-consolidation), although there were 16 samples from
14 patients found to be EXENT&FLC-MS2 but IFE1 (5, 4, and 7
post-induction, ASCT, and consolidation, respectively). After a
median follow-up of 5 years, only 2 out of these 14 patients had
progressed.

Overall, 14 samples (from 11 patients) were deemed positive based
exclusively on the analysis of free light chains by MS (6 post-induc-
tion, 6 post-ASCT, and 2 post-consolidation). Thus, the overall
results of EXENT&FLC-MS (which includes the analysis of free light
chains) were almost identical to those of EXENT-MS (that excludes
them) (supplemental Figure 1A). Of note, 8 of these 14 samples
were obtained from 5 patients with free light chain MM according
to IFE.

When we investigated the clinical correlation of the results of both
techniques separately, we observed that IFE was able to discrimi-
nate 2 subgroups of patients with significantly different median PFS
after induction (IFE1 5 5.78 years vs IFE2 not reached) and post-
ASCT (IFE1 5 4.98 years vs IFE2 not reached) but not post-con-
solidation (Figure 2A), thus confirming recent data published by
Jim�enez-Ubieto et al.6 In contrast, according to previous
reports,15,16 the results of both EXENT-MS (supplemental Figure
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1B) and EXENT&FLC-MS (Figure 2B) retained clinical value at the
3 time points, so that patients with undetectable disease by either
of them displayed a statistically significantly longer PFS as com-
pared with positive cases.

Finally, we analyzed the clinical value of the combined results of IFE
and EXENT&FLC-MS at the end of consolidation (Figure 2C).
Importantly, among IFE2 patients (ie, in complete response or bet-
ter; n 5 127), EXENT&FLC-MS was able to segregate 2 groups
with significantly different PFS from consolidation (median PFS

of 3.32 years in the 21 cases EXENT&FLC-MS1 vs not reached;
P 5 .0008). This result, in accordance with Nandakumar et al,17

confirms that the higher sensitivity of EXENT&FLC-MS is also asso-
ciated with a meaningful clinical value.

Overall, these data show that, as compared with IFE, EXENT&FLC-
MS is able to better identify and characterize the M-protein of
patients with MM in baseline samples and detects residual disease
in a higher proportion of cases during treatment monitoring. This
translates to a meaningful clinical value in terms of PFS throughout
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Figure 1. Comparison between EXENT&FLC-MS and IFE results. (A) M-protein(s) isotyping at baseline. (B) Detection of the M-protein post-induction, post-ASCT, and

at the end of consolidation.
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the treatment that IFE fails to show post-consolidation, and further-
more, the results of EXENT&FLC-MS identify 2 groups of patients
among those IFE2 with significantly different PFS. Further studies
comparing the results of MS with bone marrow–based MRD meth-
ods, such as next-generation flow and next-generation sequencing,
are warranted.
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