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Abstract: In recent years, mass spectrometry has been increasingly used for the detection of mon-
oclonal proteins in serum. Mass spectrometry is more analytically sensitive than serum protein
electrophoresis and immunofixation, can help distinguish therapeutic monoclonal antibodies from
M-proteins, and can detect the presence of post-translational modifications. Mass spectrometry
also shows promise as a less-invasive, peripheral-blood-based test for detecting minimal residual
disease in multiple myeloma. Studies comparing the clinical utility of mass spectrometry to current
blood- and bone-marrow-based techniques have been conducted. Although still primarily limited to
research settings, clinical laboratories are starting to adopt this technique for patient care. This review
will discuss the current status of mass spectrometry testing for multiple myeloma, the benefits and
challenges of this technique, and how it may be incorporated into clinical practice in the future.
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1. Introduction

Treatments for multiple myeloma have greatly improved over the last decade and new
diagnostic methods are being developed to detect lower levels of disease. Mass spectrometry-
based methods that detect the monoclonal immunoglobulin (M-protein) have been developed
and offer several analytical advantages over electrophoretic techniques [1-4]. They are
more analytically sensitive and specific than serum protein electrophoresis (SPEP) and im-
munofixation (IF). They also provide additional information about the protein (i.e., light
chain glycosylation) that is not available by SPEP and IF. Because these techniques are still
relatively new, the field is trying to determine how (and if) these analytical advantages will
improve patient care and where these assays fit into clinical practice. In this review, we discuss
the different mass spectrometry methods, our current understanding of their clinical utility,
and whether they may overtake current techniques for both routine monitoring and MRD
detection in multiple myeloma.

2. Mass Spectrometry Methods

Several mass spectrometry methods have been developed to detect the M-protein in
serum and have been reviewed previously [1-4]. Typically, methods either follow the intact
light chain or clonotypic peptides as a marker of the M-protein. One common approach
uses matrix-assisted laser desorption ionization time-of-flight mass spectrometry (MALDI-
TOF MS) to follow intact light chains and offers a high-throughput testing option [5]. Other
approaches include liquid chromatography high resolution mass spectrometry (LC-HRMS)
to follow the intact light chain [6,7] or clonotypic peptides [8-11]. LC-HRMS systems are
more expensive and complex compared to MALDI-TOF MS but offer better analytical
sensitivity. The limit of detection of mass spectrometry assays ranges from about 0.05 to
0.001 g/dL and largely depends on type of mass spectrometer used. The clinical utility
of these mass spectrometry assays is being evaluated at all stages of disease: screening
and diagnosis [12-14], routine monitoring [12,15], assessment of minimal residual disease
(MRD) [11,16-20], and detection of relapse [9,21,22].
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3. Clinical Utility
3.1. Minimal Residual Disease (MRD)

The improved analytical sensitivity is perhaps the most exciting aspect of these meth-
ods and will be most impactful for monitoring low levels of disease since few alternative
blood-based methods are available. Compared to bone-marrow-based tests, a highly
sensitive blood-based test would be cheaper and less painful for the patient. It would
also allow for the detection of extramedullary disease and offer an easier way to serially
monitor patients.

Several studies have evaluated the role of mass spectrometry in the setting of MRD.
Both MALDI-TOF MS and LC-HRMS methods have been compared to bone-marrow-based
MRD techniques, including IMWG-recommended next-generation flow (NGF) and next-
generation sequencing (NGS) methods that have a sensitivity of 107> to 107 [11,16-20]. In
general, concordance between mass spectrometry and bone-marrow-based MRD techniques
ranges from about 60% to 80% [11,17,19,20,23]. Discrepant samples are often negative by
bone marrow-based techniques, but positive by mass spectrometry. This trend may be
partly explained by the long half-life of some immunoglobulins. However, comparisons to
progression free survival (PFS) suggest that this confounding factor can be overcome and that
mass spectrometry may be more sensitive than bone-marrow-based MRD tests. For instance,
in one study that compared LC-HRMS to NGS analysis of bone marrow, there were 22 NGS-
/LC-HRMS+ cases but no NGS+/LC-HRMS- cases [19]. Five of the NGS-/LC-HRMS+ cases
experienced progression. None of the patients who were negative by LC-HRMS experienced
progression or death. Other studies have similar findings [9,20]. In addition, longer PFS is
significantly associated with decreasing M-protein levels [11,18]. In other words, the rate of
change of the M-protein appears to be more reflective of disease status than presence of the
M-protein at single time points, and may provide a solution to the long half-life issue. Once
the M-protein is cleared, mass spectrometry shows promise for detecting early relapse. In
two separate studies, LC-HRMS detected an increase in the M-protein concentration months
earlier than standard analysis [9,21].

Although there is some evidence that mass spectrometry is more sensitive and may
be a better predictor of progression than bone-marrow-based MRD tests, the longest
progression free survival (PFS) is observed in patients who are negative by both mass
spectrometry and bone-marrow-based MRD tests, suggesting that the techniques are com-
plementary [11,17,19]. The current thinking is that mass spectrometry will probably not
completely replace bone-marrow-based techniques. Bone marrow analysis provides in-
formation that is not achieved with other methods and is still important for monitoring
non-secretory disease. Combination of blood-, bone-marrow- and imaging-based tech-
niques may be important for establishing MRD negativity. But once established, mass
spectrometry will likely become a valuable technique for MRD monitoring and detecting
early relapse, since it is well-suited for serial sampling. This may be particularly important
since persistence of MRD negativity is strongly associated with better outcome [24]. More
studies with larger cohorts are needed to fully understand the clinical utility of measuring
low levels of the M-protein, and the field is currently focused on this issue. Down the road,
it will also be important to consider practical factors that affect the incorporation of these
assays into MRD testing algorithms, like the complexity of the tests, the cost/benefit of
using mass spectrometry versus other techniques, and the best timing of these assays.

3.2. High Levels of Disease

The clinical utility of mass spectrometry is also being evaluated at diagnosis and high
levels of disease. MALDI-TOF MS is thought to be more appropriate for routine monitoring
of M-proteins due to its high throughput and ease of use. Studies comparing the performance
of MALDI-TOF MS to the standard panel of tests (SPEP, IF, free light chain quantitation, urine
protein electrophoresis, and urine IF) have shown that the technique provides comparable
clinical sensitivity and specificity for detection of various monoclonal gammopathies [12]. The
International Myeloma Working Group also recently endorsed the use of MALDI-TOF MS as
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an alternative to IF, with the caveat that complete response rates would likely be different due
to the improved analytical sensitivity of MALDI-TOF MS [25].

Although MALDI-TOF MS is currently being used as a replacement for IF at one
major reference laboratory in the United States [26], it will likely take some time before
this technique is adopted on a wider scale for routine testing. This is because changes
to diagnostic testing require a large investment of time, energy, and money, and new
methods must substantially improve patient care or offer major practical advantages for
most clinical laboratories to justify the switch from well-established techniques. Because
there is less clinical need for improved sensitivity at diagnosis and during early stages of
therapy when M-protein concentrations are high, mass spectrometry does not yet offer
major clinical advantages over electrophoretic techniques in this setting. The technique is
more specific compared to SPEP and IF, which is important for distinguishing the M-protein
from monoclonal antibody drugs [27,28]. However, commercially available electrophoretic
methods are already available for this purpose, albeit these methods are limited to specific
drugs and are reflex tests, adding to the turn-around time of results [29,30]. Although the
ability to detect light chain glycosylation is a unique advantage of mass spectrometry, the
clinical utility of this finding is still being evaluated [31-33].

Instead, practical considerations such as turn-around time, cost, ease of use, or con-
solidation of tests, may drive the widespread adoption of mass spectrometry for routine
testing. Mayo Clinic reports that their assay, termed MASS-FIX, can process 320 samples
in an 8-hour shift with one technologist, which equates to a 3-fold increase in productivity
compared to immunofixation [26]. It would be interesting to compare the throughput of
mass spectrometry to more automated electrophoretic techniques, such as capillary protein
electrophoresis and immunosubtraction. Experience from additional laboratories and cost
analyses compared to electrophoretic techniques will also be important. For now, we will
likely see mass spectrometry assays limited to large academic centers or reference laboratories
which have both the resources (i.e., time, money, and technical expertise) and demand for
these tests for clinical research purposes. With these early adopters, we will learn more about
the advantages and disadvantages of mass spectrometry for routine testing.

4. Conclusions

There is much excitement around the use of mass spectrometry for detecting M-
proteins. More work is needed to understand how the analytical advantages of mass
spectrometry improve patient outcome and how the technique fits in with current testing
strategies. It is also important to understand the practical advantages for the clinical
laboratory. All of this takes time, effort, and collaboration on the part of researchers,
clinicians, clinical laboratorians, in vitro diagnostic companies, and others. Regardless of
how and when mass spectrometry is incorporated into the clinical laboratory, this work is
helping to better understand the disease and drive improvement of existing techniques
and testing strategies, ultimately leading to better patient care.
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