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Summary

Matrix assisted laser desorption ionization time-of-flight mass spectrometry (MALDI-TOF MS) 

may soon replace routine electrophoretic methods for monitoring monoclonal proteins in patients 

with multiple myeloma. To further evaluate the clinical utility of this assay, we compared the 

performance of MALDI-TOF-MS head-to-head with an established bone marrow-based 

measurable residual disease assay by flow cytometry (Flow-BM-MRD) using Memorial Sloan 

Kettering Cancer Center’s 10-color, single-tube method. Our results suggest that MALDI-TOF-

MS adds value to bone-marrow based MRD testing and may be most useful for early detection of 

relapse in peripheral blood compared to current electrophoretic methods.

In multiple myeloma (MM), the absence of measurable residual disease (MRD) after 

completed therapy is associated with longer progression-free survival (Kumar et al, 2016; 

Perrot et al, 2018). Different techniques are available to detect low levels of plasma cells in 

bone marrow (BM) either by flow cytometry analysis (Roshal et al, 2017; Flores-Montero et 
al, 2017) or by next-generation sequencing (NGS) as a gold standard of molecular methods 

(Korde et al, 2015; Perrot et al, 2018). These techniques are limited because they require a 

representative BM sample obtained by an invasive procedure and may have sampling biases 
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due to the patchy nature of disease infiltration. A sensitive serum-based test would be ideal 

because serial sampling is much easier, and it would allow for the detection of 

extramedullary disease. Protein electrophoresis (SPEP), immunofixation electrophoresis 

(IFE) and free light chain (FLC) immunoassays have long been used to detect the 

monoclonal protein (M-protein) in serum but are currently not sensitive enough to be used in 

the setting of MRD (Thoren, 2018). Considering the tremendous progress in the treatment 

and outcome of MM patients in the past few years (Moreau, 2017), a more responsive 

technique is needed. Mass spectrometry techniques that detect M-proteins in serum have 

recently been developed and shown to be more sensitive compared to current electrophoretic 

methods (Mills et al, 2016). MS techniques are based on the principle that each 

immunoglobulin has a unique amino acid sequence and, consequently, a unique mass 

(Barnidge et al, 2014; Mills et al, 2016; Thoren, 2018). This patient-specific mass is stable 

over time and can be used as a disease biomarker (Barnidge et al, 2014; Mills et al, 2016; 

Mills et al, 2017; Thoren, 2018). In particular, Matrix assisted laser desorption ionization 

time-of-flight mass spectrometry (MALDI-TOF-MS) may soon replace current 

electrophoretic methods for routinely monitoring MM patients due to its relatively low cost, 

high throughput and improved analytical sensitivity and specificity. In order to further 

evaluate the clinical utility of MALDI-TOF-MS, we compared the performance of this 

technique with an established Flow-BM-MRD assay using the Memorial Sloan Kettering 

Cancer Center’s (MSKCC) 10-color, single-tube method (Roshal et al, 2017).

This study included 71 patients treated at MSKCC since 2010, who had serum samples 

available at 2 timepoints including during active disease and within + 60 days of Flow-BM-

MRD measurement. Active disease was defined as detectable M-protein in serum or urine by 

immunofixation. The cohort was composed of 26 females and 45 males with a median age 

of 61 years (range 37–78). Of them, 48 had been newly diagnosed at MSKCC. Active 

disease samples were taken at baseline for 42 patients and during follow-up or relapse for 

29. Cytogenetic analyses at baseline identified 27 high risk patients and 43 standard risk. 

According to the International Scoring System (ISS), patients were classified in 3 groups: 

ISS1 (n=38), ISS2 (n=18), ISS3 (n=6). ISS data were missing for 9 patients (Table SI). 

SPEP, IFE and FLC were performed at both considered time points (active disease and 

MRD). At baseline, both SPEP and IFE were positive for 63/69 patients. Five patients were 

positive by IFE only and one with FLC MM was positive by urine electrophoresis only. The 

median time between diagnosis and MRD timepoint was 13.4 months (range: 3.4–91) (table 

I).

MALDI-TOF-MS was performed according to the method published by Mills et al (2016). 

Briefly, immunoglobulins were purified from serum samples using CaptureSelect beads 

specific for IgG and IgA heavy chains or total kappa and lambda light chains (Thermo 

Fisher Scientific). Immunoglobulins were eluted and light and heavy chains separated by the 

addition of a reducing agent. Samples were analyzed using a Microflex LT MALDI-TOF 

mass spectrometer (Bruker). Samples obtained during active disease were used to identify 

the mass to charge ratio of the M-protein which served as surrogate marker in subsequent 
analyses. MALDI-TOF-MS results were compared to the Flow-BM-MRD assay.
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MALDI-TOF-MS detected an M-protein in all 71 active disease samples and in 25 MRD 

samples (Table I, Fig S1). MALDI-TOF-MS results at the MRD timepoint were concordant 

with Flow-BM-MRD results for 44/71 (62%) patients (p=0.342, χ2 test). Eight patients were 

positive by both techniques and 36 patients negative by both techniques (Fig 1). Twenty-

seven patients were discordant, including 17 detectable only by MALDI-TOF-MS and 10 

detectable only by Flow-BM-MRD (Fig 1). Regarding the 17 patients positive only by 

MALDI-TOF-MS, the BM sample for flow analysis was not suitable for 3 (evidence of 

marked hemodilution or not enough cells acquired) including one with only 9 abnormal 

plasma cells (below the level of 10 cells in cluster) while the others reached the target of 

sensitivity with a limit of detection of 0.0001%. Eleven of these 17 patients also had 
positive IFE, of whom 6 also had positive SPEP. Of those 6, only 1 was in CR at last 
news, suggesting that true MRD was detected (table SII). All the other 6 patients (only 
positive in MALDI) were in steady stringent CR at MRD time point and at last follow-
up (median 10 months; range 6–12). Although BM-based MRD analysis (either flow-

cytometry or NGS-based assays) is considered the gold standard measurement for disease 

detection in MM, these tests can have false negatives for a few reasons: i)sample quality, 

ii)MM patchy characteristic, iii)BM sampling unable to detect extramedullary disease. 

Alternately, MALDI-TOF results could be falsely positive in terms of disease detection. The 

mass spectrometer is likely not falsely detecting M-proteins; indeed, immunofixation was 

also positive in 11/17 of these samples. However, low levels of M-protein may not indicate 

the presence of active disease. A confounding factor is that immunoglobulins, especially IgG 

and IgA, have a long half-life in serum (Mills et al, 2017). This would cause a time lag 

between tumor lysis and M-protein elimination, especially at low immunoglobulin 

concentrations (Kendrick et al, 2017). The lag may be especially pronounced with the use of 

new, very potent therapies (Moreau, 2017). Among the 10 patients detectable by flow 

cytometry but not by MALDI, the median detection level was 0.00092% (+<0.0001% - 

0.011%). All were in stringent complete response (sCR) at the MRD time point and at last 

news, only one relapsed 6 months after MRD analysis. The M-protein may thus remain 

present but below the polyclonal background. Of note, 3/10 of these patients had free kappa 

light chain MM, which can be challenging to detect by this MALDI assay (Sepiashvili et al, 
2019).

To determine the clinical utility of a more sensitive M-protein detection, we focused on the 
clinical outcome of a subgroup of our cohort which included only newly diagnosed MM 

patients in CR at the MRD timepoint (n=40). In this subgroup, the median follow-up was 
11 months and the residual detection rate by MALDI-TOF-MS was 22.5% (9/40) compared 

to 27.5% (11/40) by flow-cytometry. Of note, 2 of the 3 patients that were positive by both 

techniques relapsed during follow-up. Yet, only one out of 23 patients that were negative by 

both techniques relapsed. However, none of the 6 patients who were positive only by 

MALDI-TOF relapsed, which is probably linked to the clearance of the M-protein, while 

only 1/8 patients who were positive only by Flow-BM-MRD relapsed. Although this 

subgroup has a limited number of patients and follow-up after the MRD time points, our 

results suggest that PB MALDI-TOF-MS adds value to BM results patients positive by 
both techniques being more likely to relapse.
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This study is an important step in understanding how a more sensitive routine blood test can 

be used in the follow-up of MM patients. MALDI-TOF analysis may provide 

complementary results to Flow-BM-MRD especially for the follow-up of patients in CR and 

during maintenance therapy to detect poor responders that would be positive by both 

techniques. A previous study has compared the performance of a mass spectrometry assay to 

detect the M-protein in serum to a flow-cytometry BM based assay (Mills et al, 2010). This 

study compared liquid chromatography quadrupole (LC-QTOF-MS) and a 6-color flow 

cytometry assay with a sensitivity of 10−4 to 10-5. Although LC-QTOF-MS has superior 

sensitivity compared to MALDI-TOF-MS, the instrumentation is more complex and 

expensive, and it remains to be seen how the QTOF will be incorporated into clinical 

laboratories for M-protein monitoring (Thoren et al, 2018). Timing of these tests is clearly 

important. Sensitive MS assays that track the M-protein biomarker in serum can be useful 

after the disease is cleared and patients are being monitored for relapse. Following serum M-

protein levels with a highly sensitive technique may be a good approach since circulating 

tumor DNA may not serve as a sufficient analyte for monitoring (Mazotti et al, 2018). 

MALDI-TOF-MS is also able to detect other monoclonal proteins such as therapeutic 

antibodies (Moore et al, 2019), which sometimes prevents the accurate monitoring of disease 

status when patients are receiving targeted therapy. This may be especially important in 

clinical trials and in accurately defining CR and sCR (Kumar et al, 2016; Dejoie et al, 2019) 

which should incorporate the use of more sensitive serum-based techniques like MALDI-

TOF-MS as they are integrated into clinical practice.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1: 
Comparison of Flow-BM-MRD and MALDI-TOF-MS results obtained at the MRD 

timepoint.
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Table I.

Immunologic results at baseline and at MRD time points, including MALDI-TOFF result and Flow cytometry 

analysis

N=71

Baseline

SPEP + 63

− 6

missing 2

IFE + 68

− 1

missing 2

Free κ/λ ratio abnormal 60

normal 4

missing 7

MRD time points

Median time (month) between MRD and Diagnosis (range) 13.4 (3.4–91)

SPEP + 7

− 64

IFE + 17

− 54

Free K/Λ ratio abnormal 24

normal 47

MALDI-TOF-MS + 25

− 46

Flow cytometry + 18

− 53

SPEP: serum protein electrophoresis, IFE: immunofixation electrophoresis, MRD: measurable residual disease
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