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Abstract: Novel drug availability has increased the depth of response and revolutionised the outcomes of multiple

myeloma patients. Minimal residual disease evaluation is a surrogate for progression-free survival and overall survival

and has become widely used not-only in clinical trials but also in daily patient management. Bone marrow aspiration

is the gold standard for response evaluation, but due to the patchy nature of myeloma, false negatives are possible.

Liquid biopsy and blood-based minimal residual disease evaluation consider circulating plasma cells, mass

spectrometry or circulating tumour DNA. This approach is less invasive, can provide a more comprehensive picture

of the disease and could become the future of response evaluation in multiple myeloma patients.

Multiple Myeloma and Response Assessment

Multiple myeloma (MM)—the second most common
hematologic malignancy after non-Hodgkin’s lymphoma—is
characterised by monoclonal plasma cells that accumulate in
the bone marrow and produce an abnormal monoclonal
protein (monoclonal component [MC]) in the serum or
urine that ultimately leads to organ damage [1,2]. MM can
be preceded by precursor stages of monoclonal gammopathy
of undetermined significance (MGUS) or smouldering MM
that are asymptomatic. However, novel conditions of
monoclonal gammopathies of clinical significance (MGCS)
have been reported in which organ damage can be present,
even with a small clone in the marrow [3–6]. Novel drugs,
such as proteasome inhibitors and immunomodulatory and
monoclonal antibodies, have elicited complete responses in
MM patients [7]. Progression-free survival (PFS) and overall
survival (OS) have nearly doubled in the last 20 years with
respect to old chemotherapeutic regimens [8,9]. Progress has
also been seen in peculiar forms of MM, such as plasma-cell
leukaemia and extramedullary or IgM myeloma, although
the prognosis remains dismal [10–13]. Due to the increased
depth of response with the use of new drugs, the concept of
minimal residual disease (MRD) evaluation has extended
from clinical trials to clinical practice in many centres. MRD
is measured by flow cytometry (next-generation flow

[NGF]) or VDJ gene sequencing (next-generation
sequencing [NGS]) on bone marrow aspirations.

Recently, the International Myeloma Working Group
(IMWG) incorporated MRD assessment into the updated
criteria for response in MM [14–17]. In particular, 10−5 was
set as the ideal cut-off for MRD negativity with both
techniques (NGF and NGS). Due to the patchy nature of
bone marrow myeloma infiltration and the possibility of
false negative results, imaging techniques derived from the
evaluation of lymphomas, such as PET/CT or MRI, were
included in the definition of response [18–21].

Blood-Based Minimal Residual Disease Assessment

Advancements in MRD assessment have provided practical
tools for patient response evaluation and have become the
primary endpoint in many clinical trials. Nonetheless, the
usual MRD evaluation is obtained from frequent marrow
aspirations, which are invasive. Liquid biopsy (i.e., blood-
based MRD analysis) could be important to increase MRD
assessment because it could (a) allow for more convenient
accessibility for routine MRD monitoring, (b) identify
disseminated disease and hidden lesions and better risk
stratify MM patients and (c) give complete genetic
information on different clones that may be present and
help find therapeutic strategies. While some techniques
(mass spectrometry [MS] and circulating plasma cells
[CPC]) are now very close to entering clinical routines,
others utilising nucleic acid-based technologies are still
experimental. MS methods can identify monoclonal proteins
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in peripheral blood (PB) and are an alternative to marrow-
based tests for MRD (Fig. 1). These techniques are under
development and could be important in the future.

Mass Spectrometry

MS methods can identify the MC in PB and are an alternative
to marrow-based tests for MRD. In particular, MS can (a)
identify the MC with higher sensitivity than serum
immunofixation, (b) differentiate monoclonal antibodies
used for therapy from the MC and (c) detect the
amyloidotic protein [21,22]. The MS mechanism of function
relies on the unique mass of each immunoglobulin (based
on the unique amino acid sequence). Several techniques are
available, and each passes from the serum immunoglobulin
enrichment, followed by reducing those to smaller
constituents and calculating the final mass. The MC has a
precise mass that is stable over myeloma history and can be
measured sequentially for disease monitoring. Matrix-
assisted laser desorption ionisation-time of flight MS (ALDI-
TOF MS) is a technique that can rapidly detect the MC with
more sensitivity [23]. Additionally, liquid chromatography
MS is a technique that seems more sensitive than serum
immunofixation in detecting the MC [24]. Other methods
directly look for the MC from immunoglobulin heavy and
immunoglobulin light chains, with a sensitivity 100 times
more accurate than serum protein electrophoresis [25–27].
Studies are ongoing, and additional work is required, but
preliminary results are encouraging, sometimes showing
better sensitivity with MS than with marrow MRD analysis
[28–31].

Circulating Cell-Free DNA

Tracking tumour DNA mutations from patients’ blood has
been done in different types of cancers [32,33]. There also
seems to be a correlation between marrow and blood in
terms of mutations and genomic alterations in the cell-free
DNA (cf-DNA) of MM patients [34]. However, due to the
shortage of cf-DNA in the blood, MRD assessment is still a
challenge in MM. Deep sequencing (whole genome [WGS]
and whole exome [WES]) seems to implement cf-DNA
detection, but this technique is not currently adequate for
MRD detection [35,36]. Studies comparing marrow and PB
have shown a higher proportion of RAS/RAF mutations or
clonal somatic mutations in PB [35]. Larger studies are
needed to confirm the utility of such techniques.

Circulating Plasma Cells

Circulating plasma cells (CPC) are determined by NGF, which
identifies the antigenic characteristics of plasma cells,
distinguishing normal from abnormal. In particular,
EuroFlow described and standardised the methods of
identification using two tube assays incorporating eight
antibodies each: CD38, CD56, β2-Microglobulin, CD19,
Anti-Kappa, Anti-Lambda, CD45 and CD138 and CD38,
CD28, CD27, CD19, CD117, CD81, CD45 and CD138
(OneFlow™ PCST and PCD, BD Biosciences, San Diego, CA,
USA) [14,17]. Recently, NGF has been used to investigate
the frequency and number of CPCs in the blood of MM
patients at diagnosis and has found their presence in all of
them [37]. Additionally, smouldering MM and MGUS had a
high percentage of CPCs in the blood (100% and 60%,
respectively). CPC quantity has been reported as a surrogate
for progression from MGUS to symptomatic MM (SMM).
NGF was also applied to the study of MRD after therapy for
the detection of CPCs in blood compared to marrow [37].
While NGF in the blood was able to identify CPCs in nearly
40% of patients that were serum immunofixation negative,
marrow analysis was still confirmed as the gold standard
because 40% of patients negative in the blood were positive
in the marrow. Interestingly, those patients who became
CPC negative in the blood had better outcomes than those
who persisted in being MRD positive. Therefore, in the
future, higher sensitivity could be important for improving
prognosis. The number of CPCs in PB seems 100 times
lower than in marrow. To increase the sensitivity of
detection, large blood volumes are necessary for the
assessment of MRD. A recent method with
immunomagnetic beads targeting analysis seems to be
crucial for the future. In fact, it seems to increase the
sensitivity of MRD detection in blood by 10 times [38,39].

Conclusion

The importance of liquid biopsy in MM is unquestionable and
goes beyond its (understandable) preference by patients. PB is
more convenient to gather than marrow, and myeloma MRD
behaviour could be more well-defined if tested several times
after therapy. The prognostic power of MRD could be
reinforced, and MRD-driven therapy could be used.
Although blood currently seems unlikely to reach the
sensitivity level of marrow, it could soon be a surrogate for
marrow evaluation (e.g., using blood until MRD becomes
negative, thus decreasing the number of marrow
aspirations). Further studies are needed to improve the
sensitivity and assess the clinical utility of blood MRD.
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