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Summary
Chimeric antigen receptor (CAR) T-cell therapies have increased the patients with 
relapsed/refractory multiple myeloma (RRMM) in whom standard electrophoretic 
techniques fail to detect the M-protein. Quantitative immunoprecipitation mass 
spectrometry (QIP-MS) can accurately measure serum M-protein with high sensitiv-
ity, and identify interferences caused by therapeutic monoclonal antibodies. Here, we 
investigate the outcome of QIP-MS in 33 patients treated with the academic BCMA-
directed CAR T-cell ARI0002h (Cesnicabtagene Autoleucel). QIP-MS offered more 
detailed insights than serum immunofixation (sIFE), identifying glycosylated M-
proteins and minor additional peaks. Moreover, the potential interferences owing to 
daratumumab or tocilizumab treatments were successfully detected. When analys-
ing different assay platforms during patient's monitoring after ARI0002h adminis-
tration, we observed that QIP-MS showed a high global concordance (78.8%) with 
sIFE, whereas it was only moderate (55.6%) with bone marrow (BM)-based next-
generation flow cytometry (NGF). Furthermore, QIP-MS consistently demonstrated 
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I N TRODUC TION

The presence of a monoclonal protein (M-protein) in serum 
and/or urine is one of the main biomarkers in patients with 
multiple myeloma (MM), as a surrogate of tumour burden.1 
M-protein monitoring is mainly performed through protein 
electrophoresis (SPEP), immunofixation (IFE) and/or free 
light chains (sFLC).2 However, the introduction of effective 
treatments such as chimeric antigen receptor (CAR) T-cell 
therapy has increased the proportion of patients, in whom 
the M-protein becomes undetectable using these meth-
ods.3–5 Moreover, treating MM with therapeutic monoclonal 
antibodies (t-mAbs) can hinder their interpretation.6 In con-
trast, mass spectrometry (MS) can specifically detect the M-
protein without these interferences, discriminating among 
immunoglobulins based on their mass-to-charge (m/z) ratio.7 
MS also allows the identification of M-proteins with post-
translational modifications (PTMs). Glycosylation, based on 
the attachment of an oligosaccharide to M-proteins, is the 
most prevalent.8 MS has been already explored for diagnos-
ing monoclonal gammopathies and for evaluating treatment 
response, often associated with cellular or molecular evalua-
tion of bone marrow (BM).9–11 The easy availability of serum 
and urine samples, and the possibility of objectively identify 
the M-protein, may be differential advantages of MS.12

Recent data from the academic B-cell maturation an-
tigen (BCMA)-directed CAR T-cell therapy ARI0002h 
(Cesnicabtagene Autoleucel) have shown its safety and efficacy 
in patients with relapsed/refractory MM (RRMM), with an 
overall response rate of 100%, including 67% of complete re-
sponse (CR).13 A high proportion of patients achieved a negative 
minimal residual disease (MRD) measured by next-generation 
flow cytometry (NGF) compared to those with CR, highlight-
ing the need for alternatives to monitor treatment response.

We herein investigate the quantitative immunoprecipita-
tion MS (QIP-MS) as a complementary serum-based method 
for identifying the serum M-protein in patients with RRMM 
after ARI0002h CAR-T cell therapy.

M ETHODS

Study design

Thirty-three patients with RRMM treated with ARI0002h be-
tween June 2020 and January 2021 were enrolled: 30 patients 
in the setting of the CARTBCMA-HCB-01 clinical trial (Clini​

calTr​ials.​gov, NCT04309981, and EudraCT, 2019-001472-11),13 
and three as compassionate use. CARTBCMA-HCB-01 was a 
single-arm, open-label study done in five academic centres 
in Spain. Main inclusion criteria included: aged between 18 
and 75 years, had undergone at least two prior lines of treat-
ment (including a proteasome inhibitor, an immunomodulat-
ing agent and an anti-CD38 monoclonal antibody), and had 
measurable disease (defined as serum and/or urine M-protein 
levels exceeding 10 g/L or 200 mg/24 h or free light chain lev-
els exceeding 100 mg/L) based on the International Myeloma 
Working Group (IMWG) criteria.14,15 Patients with a previous 
BCMA-directed therapy and an estimated glomerular filtra-
tion rate below 50 mL/min were excluded. Patient characteris-
tics were obtained from electronic medical records. The study 
protocol was approved by the Ethics Committee of Hospital 
Clínic de Barcelona.

Samples and procedures

Blood samples were collected at the following timepoints: 
baseline (at inclusion; before ARI0002h administration), 
and in months 1, 3, 6, 9 and 12 after ARI0002h administra-
tion. The presence of the M-protein was concurrently evalu-
ated using serum IFE (sIFE) on the Hydrasys 2 platform 
with the Hydragel 4 IF kit (Sebia Inc., Lisses, France), and 
QIP-MS using the EXENTR Solution platform (The Binding 
Site, part of Thermo Fisher Scientific). IFE in urine (uIFE) 
was also performed with the same method as sIFE, but with 
a previous concentration using Amicon Ultra-4 centrifu-
gal filters (Merck Millipore, Cork, IRL). For QIP-MS, im-
munoglobulins were initially purified from serum using 
paramagnetic beads coated with specific polyclonal sheep 
antibodies targeting human immunoglobulin G (IgG), IgA, 
IgM heavy chains, and total κ and ʎ light chains through 
the EXENT-iP500 liquid handler. Subsequently, QIP-MS 
was conducted using the matrix-assisted laser desorption/
ionization-time of flight (MALDI-TOF) EXENT-iX500 
device, and mass spectra ranging from 5000 to 32 000 m/z 
ratio were recorded. The EXENT-iQ500 was used to ana-
lyse QIP-MS results. The +2-charge state was utilized for 
interpretation. The m/z ratio of the M-protein was deter-
mined in the baseline for each patient as a personalized tu-
mour marker. The follow-up samples with the same baseline 
protein-M were considered as QIP-MS(+). At the end of the 
study, the number of samples in which paired QIP-MS and 
sIFE were performed was 165. Of these, 33 were at baseline 

LABAE21971FERN; AGAUR, Generalitat de 
Catalunya, Grant/Award Number: 2021-SGR-
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the lowest negativity rate across the different timepoints (27.3% vs. 60.0% in months 
1 and 12, respectively). Patients with QIP-MS(+)/BM-based NGF(−) showed a non-
significant shorter median progression free survival than those with QIP-MS(−)/
BM-based NGF(−). In summary, we show the first experience to our knowledge 
demonstrating that QIP-MS could be particularly useful as a non-invasive technique 
when evaluating response after CAR T-cell treatment in MM.

K E Y W O R D S
CAR T-cell therapy, mass spectrometry, multiple myeloma
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and 132 during the other timepoints. For QIP-MS and uIFE, 
the total number of paired samples was 146, with 30 at base-
line and 116 at follow-up.

MRD in the BM was investigated by NGF (median sen-
sitivity of 1 × 10−6) in months 1, 3, 6, and 12 after ARI0002h 
administration. It was performed using two-tube eight-
colour flow cytometry according to the EuroFlow platform, 
using a FACSCanto (BD Biosciences, San Jose, CA, USA) 
flow cytometer and Infinicyt 2.0 software (Cytognos SL, 
Salamanca, Spain). Any detectable level of MRD greater than 
1 × 10−6 was considered positive. The number of samples in 
which QIP-MS and BM-based NGF were performed simul-
taneously was 112, all of them at follow-up. Finally, a total of 
107 samples were analysed simultaneously by QIP-MS, sIFE 
and BM-based NGF.

Statistical analyses

Statistical analyses were conducted using GraphPad Prism 
8.3 (GraphPad Software, San Diego, CA) or SAS System 9.4 
(SAS Institute, Cary, NC) and R 4.3.0 (RStudio, PBC, Boston, 
MA). The graphics were created with GraphPad Prism 8.3 
or Biore​nder.​com. Progression-free survival (PFS) was de-
fined as time between ARI0002h administration and disease 
progression or death from any cause. Overall survival (OS) 
was defined as time between ARI0002h administration and 
death from any cause. A landmark analysis was performed 
for both PFS and OS according to the sample collection 
timepoint. The log-rank test (two-sided) and Kaplan–Meier 
were employed to construct survival curves and analyse the 
results, as well Cox proportional hazards regression analysis 
for hazard ratios (HR) calculations. A p < 0.05 was consid-
ered statistically significant.

R E SU LTS

Features of enrolled patients

The main characteristics of the 33 patients are in Table 1. The 
median age at inclusion was 60 years; and nearly the half of the 
patients presented plasmacytomas, with 21.2% showing an ex-
tramedullary location. Prior exposure to lenalidomide, borte-
zomib and anti-CD38 antibodies was universal with a median 
of three prior lines of therapy, including 54.8% of triple-class 
refractory patients. The mean serum M-protein was 18.8 g/L, 
with 21% secreting only light chain M-protein. The median 
follow-up of the patients was 27.9 months (95% CI 26.9–28.8).

QIP-MS provides information about 
glycosylation and minor additional peaks 
during M-protein isotyping

In baseline serum samples, a main peak in the MS spectra 
corresponding to the M-protein-secreting clone could be 
identified in all patients (100%; 33/33). These results were 

compared with sIFE results regarding the M-protein heavy 
and light chain isotype (Table 2). Both techniques provided 
fully matched information about the M-protein heavy and 
light chain isotypes in 97% (32/33) of the cases (green). One 
patient was known to have an M-protein with a IgDʎ iso-
type. However, upon conducting sIFE and QIP-MS, we only 
identified the ʎ light chain of the M-protein by both tech-
niques, as reagents to detect the IgD were not included. On 
the contrary, there was one discrepancy (3%; 1/33) between 
sIFE and QIP-MS regarding isotyping. In this patient, sIFE 
identified both M-protein heavy and light chains, while 
QIP-MS only detected a peak corresponding to the light 
chain (grey). Although difficult to explain this mismatch 

T A B L E  1   Main features of patients with RRMM treated with the 
academic BCMA-directed CAR T-cell therapy ARI0002h at inclusion in 
this study.

Patients enrolled 
(n = 33)

Age, years (median, IQR) 60 (52.5–65.5)

Sex (n, %)

Female 14/33 (42.4)

Male 19/33 (57.6)

ISS stage (n, %)

I 7/29 (24.1)

II 10/29 (34.5)

III 12/29 (41.4)

Plasmacytomas (n, %) 15/33 (45.5)

Extramedullary plasmacytomas (n, %) 7/33 (21.2)

High risk cytogenetics [t (4;14), t (14;16), 
del17p/TP53 mutations] (n, %)

10/33 (30.3)

Number of previous lines of treatment 
(median, IQR, range)

3 (3–5, 1–10)

Lenalidomide exposed (n, %) 33/33 (100)

Bortezomib exposed (n, %) 33/33 (100)

Anti-CD38 exposed (n, %) 33/33 (100)

Daratumumab exposed (n, %) 32/33 (96.7)

Carfilzomib exposed (n, %) 17/33 (51.5)

Pomalidomide exposed (n, %) 19/33 (57.6)

Triple refractory* (n, %) 17/31 (54.8)

Penta refractory** (n, %) 3/31 (9.7)

Previous autologous haematopoietic stem-
cell transplantation (n, %)

30/33 (90.9)

Previous allogeneic haematopoietic stem-
cell transplantation (n, %)

5/33 (15.2)

Previous autologous and allogeneic 
haematopoietic stem-cell transplantation 
(n, %)

4/33 (12.1)

Bone marrow malignant plasma cells, % 
(mean, SD)

26.5 (31.9)

Serum monoclonal protein, g/L (mean, SD) 18.8 (22.5)

Abbreviation: ISS, international staging system.
Note: Triple refractory*: refractory to bortezomib, lenalidomide and an anti-CD38 
antibody. Penta refractory**: refractory to bortezomib, lenalidomide, an anti-CD38 
antibody, carfilzomib and pomalidomide.
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could be caused by a sIFE reader-dependent mistake, as pre-
viously described.3,16

A glycosylated M-protein was detected in 6.3% (2/32) by 
QIP-MS (yellow) as additional information in patients with 
concordant results, although the isotype was concordantly 
deemed as IgGκ by sIFE and QIP-MS. Despite the substan-
tial concordance in the isotyping, QIP-MS can also provide 
more information than sIFE identifying minor additional 
peaks. QIP-MS identified minor additional peaks in 18.2% 
(6/33) of the patients (blue), though the main M-protein iso-
type was concordant with sIFE.

With the aim of investigating the evolution of those cases 
where QIP-MS provided additional information, samples 
over time were analysed. The glycosylated M-protein was 
eliminated in one patient after ARI0002h treatment, while 
remained in the other patient until the last collected sample 
(month 6). Regarding the six patients with minor additional 
peaks besides the main M-protein-secreting clone, three 
different situations were identified: (i) In three patients, the 
main clone disappeared in month 1, while the minor peaks 
persisted. Over time, these minor peaks also became unde-
tectable within the first 3 months. (ii) In two patients, the 
minor peaks were eliminated, but the M-protein-secreting 
clone persisted throughout all timepoints. (iii) One patient 
successfully eliminated main clone and minor peaks in 
month 1, without reappearance.

Monitoring of t-mAb interferences by QIP-MS

Daratumumab is an anti-CD38 t-mAb of IgGκ isotype 
that can cause false positive interferences on sIFE in pa-
tients with IgGκ M-protein. The +2-charge (z) state of 

daratumumab's κ light chain shows an m/z ratio of 11690.0 
by MS and this can be used to identify interferences.17,18 
Therefore, the presence of an IgGκ peak with the m/z 
ratio of 11690.0 was evaluated. Although 97% (32/33) of 
patients were exposed to daratumumab, the time elapsed 
since the last administration varied widely among them. 
Before ARI0002h administration, the peak correspond-
ing to daratumumab was identified in 31.3% (10/32) of the 
patients by QIP-MS. In those patients, the median time 
elapsed from the last administration was 1.73 months. 
This peak persisted in 80% (8/10) and in 40% (4/10) of pa-
tients in months 1 and 3, respectively. The median time 
from the last daratumumab administration and the last 
QIP-MS identification in these patients was 3.4 months.

Tocilizumab is a humanized t-mAb of IgGκ isotype di-
rected against interleukin-6 receptor, used for treating the 
cytokine release syndrome (CRS).19 In our cohort, 87.9% 
(29/33) of patients developed CRS, with no grade 3 or higher 
events. The median onset of CRS was 7 days after ARI0002h 
administration, and 72.4% (21/29) of patients received to-
cilizumab. A method for quantifying of tocilizumab by liq-
uid chromatography tandem-MS using a tryptic digestion 
without IgG purification has been described.20 However, to 
our knowledge, the tocilizumab m/z ratio at the +2-charge 
state by QIP-MS has not been yet reported. In 66.7% (14/21) 
of patients treated with tocilizumab, apart from detecting 
the M-protein secreted by the main malignant clone, an 
IgGκ monoclonal peak with m/z ratio of 11750.0 was ob-
served in month 1 after ARI0002h administration. This 
IgGκ peak was different from the M-protein-secreting clone 
in all patients, and did not appear at baseline in any case. 
Importantly, the presence of this peak was exclusive to those 
patients treated with tocilizumab and it only persisted in 

T A B L E  2   Comparison of serum M-protein isotyping at baseline between QIP-MS and IFE. Concordance in M-protein heavy and light chain 
isotyping between both assays are coloured in green. A discordance caused because sIFE identified the M-protein heavy and light chain isotype, while 
QIP-MS only detected the light chain isotype is coloured in grey. In this case, the sIFE deemed the M-protein as IgAʎ, while the QIP-MS result was free 
ʎ. Additional information provided by QIP-MS regarding the presence of glycosylation in the M-protein is in yellow, while the additional information 
regarding the presence of minor peaks besides the main M-protein is in blue. QIP-MS for M-protein isotyping was performed in a single centre in a 
centralized manner, while sIFE was performed at each patient's original centre.

QIP-MS

IgGκ IgGʎ IgAκ IgAʎ IgMκ IgMʎ IgDκ IgDʎ Free κ Free ʎ
Minor 
peaks Glycosylation

sIFE IgGκ 8 0 0 0 0 0 0 0 0 0 0 2

IgGʎ 0 6 0 0 0 0 0 0 0 0 2 0

IgAκ 0 0 4 0 0 0 0 0 0 0 0 0

IgAʎ 0 0 0 5 0 0 0 0 0 1 1 0

IgMκ 0 0 0 0 0 0 0 0 0 0 0 0

IgMʎ 0 0 0 0 0 0 0 0 0 0 0 0

IgDκ 0 0 0 0 0 0 0 0 0 0 0 0

IgDʎ 0 0 0 0 0 0 0 0 0 0 0 0

Free κ 0 0 0 0 0 0 0 0 4 0 2 0

Free ʎ 0 0 0 0 0 0 0 0 0 5 1 0

Abbreviations: QIP-MS, quantitative immunoprecipitation mass spectrometry; sIFE, serum immunofixation.
Note: Bold values is used to highlight those values that are different from 0, making it easier to identify the conditions where there are actual cases.
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one patient in month 3. In fact, the half-life of tocilizumab 
has been reported to be approximately 6 days.21 Therefore, 
this IgGκ peak with m/z ratio of 11750.0 could correspond 
to tocilizumab.

Overall, the ability of QIP-MS to track these t-mAbs was 
crucial for clarifying potential false positive results using 
sIFE. A case of simultaneous presence of daratumumab and 
tocilizumab interferences is exemplified in Figure 1.

QIP-MS, IFE and BM-based NGF as 
assay platforms

We then compared QIP-MS and sIFE during the follow-up 
of patients treated with ARI0002h (Figure 2A). A total of 132 
serum samples were concurrently analysed by QIP-MS and 
sIFE. Both were concordant in 78.8% of samples (104/132). 
Discrepancies between QIP-MS and sIFE were observed 
in a total of 17 patients. In 11 of them, the discrepancies 
were transient, while in six were persistent. On the basis of 
the higher sensitivity of QIP-MS,3,22,23 most discordances 
(20/28) were due to QIP-MS(+)/sIFE(−) results, except for 
eight cases (28.6%). In three of them, samples were mistak-
enly deemed as sIFE(+) owing to the interference of daratu-
mumab, tocilizumab or both. Of note, in other three cases, 
the QIP-MS(−)/sIFE(+) discrepancy was due to the presence 
of bands in sIFE corresponding to clones different from the 
original M-protein, but with the same M-protein heavy and 
light chain isotype. This could correspond to the already 
described oligoclonal bands appearing after immune re-
constitution.3,24 The last two discrepancies, although diffi-
cult to explain since the QIP-MS result was clearly negative, 
could be due to sIFE reader-dependent errors. Interestingly, 
six patients with QIP-MS(−) and transient mistakenly 
deemed sIFE(+) showed positive outcomes, with a median 
PFS of 21.7 months (CI 95% 12.2–31.3).

Despite the distinct origin, we also compared uIFE and 
serum QIP-MS results. As in previous reports,24,25 a sub-
stantial concordance rate (93.3%; 28/30) was observed at 
baseline. However, this concordance rate was lower in the 
different monitoring timepoints (Figure  S1). Most discor-
dances (88.4%; 38/43) after ARI0002h administration were 
due to uIFE(−)/QIP-MS(+). Notably, among the five patients 
showing uIFE(+)/QIP-MS(−) results, three were indeed false 
positive results, caused by the presence of bands in uIFE 
corresponding to minor clones different to the original M-
protein-secreting one. The other two uIFE(+)/QIP-MS(−) dis
crepancies might be attributable to uIFE reader-dependent 
errors.

A total of 112 BM samples were analysed using NGF, and 
88.4% (99/112) were considered evaluable. Most not evalu-
able BM samples were due to haemodilution, which mainly 
happened in the early monitoring timepoints (months 1 
and 3). In months 1 and 3, 96.0% (24/25) and 93.1% (27/29) 
of evaluable samples were negative by BM-based NGF, re-
spectively. In months 6 and 12, BM-based NGF negativity 
rates were 87.0% (20/23), and 81.8% (18/22). We subsequently 

compared the results of BM-based NGF with those obtained 
using serum QIP-MS (Figure  2B). Concordance between 
QIP-MS and BM-based NGF was only observed in 55.6% 
(55/99) of the samples. However, the concordance rate pro-
gressively increased over time. The discordances were due 
to QIP-MS(+)/BM-based NGF(−) results in all cases, except 
one.

A comparison during treatment monitoring between by 
sIFE, QIP-MS and BM-based NGF was performed (Figure 3). 
Methods based on detecting M-proteins in peripheral blood 
showed a lower negativity rate than BM-based NGF. This dif-
ference was higher during the first months after ARI0002h 
administration. Of note, QIP-MS revealed the lowest neg-
ativity rate through the timepoints. However, the ongoing 
increase in the QIP-MS negativity rate (27.3% vs. 60.0% in 
months 1 and 12, respectively) and the consistent pattern of 
BM-based NGF were outlined, in accordance with the deep-
ening of responses reported in patients treated with other 
BCMA-directed CAR T-cell treatments.26,27 A simplified 
comparison of these three methods is shown in Figure S2.

Outcomes and clinical value of QIP-MS

Only a non-significant shorter median PFS was observed in 
patients with a detectable M-protein by QIP-MS in months 
1 (12.91 vs. 19.15 months; HR 1.31 [95% CI 0.55–3.14] and 
p = 0.56) and 3 (10.55 vs. 16.59 months, HR 1.48 [95% CI 
0.64–3.21] and p = 0.377) (Figure 4).

Regarding the clinical value of BM-based NGF in our 
cohort, only 1 and 2 patients presented a BM-based NGF(+) 
in month 1 and month 3, respectively, which complicates 
this analysis in relation to the patients' outcome (Figure S3). 
This fact also affects the interpretation of combining BM-
based NGF(+) and QIP-MS results. However, patients with 
QIP-MS(+)/BM-based NGF(−) showed a non-significant 
shorter median PFS than those with QIP-MS(−)/BM-based 
NGF(−) in month 1 (15.18 vs. 22.7 months, p = 0.575) and 
month 3 (11.24 vs. 16.76 months, p = 0.363).

DISCUSSION

Proteomics assessment using MS-based techniques to moni-
tor MM treatment response, disease progression, and MRD 
is under evaluation, being a subject of high priority in the 
IMWG.22 Our main objective was to investigate QIP-MS 
as a highly sensitive serum-based technique for identify-
ing M-protein in patients with RRMM after treatment with 
ARI0002h CAR T-cell therapy.

QIP-MS could accurately define the m/z ratio of the peak 
corresponding to the M-protein-secreting clone and other 
minor additional peaks, which were undetectable by electro-
phoretic methods. This detection was more precisely than 
sIFE, ensuring more sensitive and specific results as previ-
ously reported.26 Regarding isotyping, the M-protein could 
be characterized in 100% of enrolled patients. Furthermore, 
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additional information was obtained in eight patients, in-
cluding two patients with glycosylated M-proteins and 
six with minor additional peaks. M-protein glycosylation 
may influence the development of amyloid deposits in pa-
tients with light chain amyloidosis. In fact, monoclonal 
light chain glycosylation has been reported as a risk factor 

of progression to MM and amyloidosis.28,29 However, the 
detection of minor additional peaks besides the main M-
protein-secreting clone has been already described in MM, 
but their clinical relevance remains unclear.3 In some in-
stances, these peaks may represent oligoclonal bands after 
immune reconstitution.30,31

F I G U R E  1   Serum mass spectrum of a patient with a free κ light chain isotype multiple myeloma at three different timepoints of the ARI0002h 
treatment monitoring. Representative example of the quantitative immunoprecipitation mass spectrometry (QIP-MS) ability to identify the M-protein 
and therapeutic monoclonal antibodies (t-mAb) interferences in a patient with a free κ light chain isotype multiple myeloma. The M-protein (orange 
arrow) and daratumumab (black arrow) were initially detected, just before ARI0002h administration. The small peak near daratumumab is attributed 
to a matrix adduct. The +2-charge state of daratumumab's chains have a mass-to-charge (m/z) ratio of 11690.0. The M-protein disappeared after the 
treatment and was undetectable in months 1 and 3. Daratumumab and tocilizumab (green arrow) were detected in month 1. The +2-charge state 
of tocilizumab's chains have a m/z ratio of 11750.0. This serum was mistakenly deemed as positive for serum immunofixation (sIFE) owing to the 
interferences caused by t-mAbs. In month 3, the QIP-MS was deemed as negative because only polyclonal background was detected. AU, arbitrary units.
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The utilization of t-mAbs in the treatment of MM leads 
to a growing need to discriminate between these drugs and 
the M-proteins. QIP-MS offers greater specificity compared 
to sIFE for identifying interferences caused by t-mAbs. Each 
M-protein showed a specific amino acid sequence deter-
mined during somatic recombination, allowing single-clone 
tracking overtime. We successfully tracked the peaks cor-
responding to daratumumab and tocilizumab by QIP-MS, 
identified with an m/z ratio of 11690.0 and 11750.0, respec-
tively. The m/z ratio of daratumumab has been extensively 
described,17,18,32 due to its common use in the treatment 
of MM patients. By contrast, tocilizumab has been unfre-
quently used in MM, but it is very effective in managing CRS 
associated with CAR-T therapy or COVID-19.19 Here we have 

identified the m/z ratio of tocilizumab, which has not been 
reported yet to our knowledge. Regarding t-mAbs clearance, 
it was reported that the median time of daratumumab dis-
appearance analysed by QIP-MS was 6.1 months,32 while in 
our hands it was 3.4 months. Our results about tocilizumab 
clearance were concordant to those previously reported.21

An important concordance between sIFE and serum 
QIP-MS results was here described, in agreement with previ-
ous reports.3 Despite this important concordance, the utility 
of QIP-MS in the characterization of IFE false positive re-
sults and other interferences was highlighted. In fact, oligo-
clonal peaks, probably related to immune reconstitution, can 
be deemed as false positive by sIFE. In this context, QIP-MS 
is unequivocal in distinguishing this kind of peaks.30,31

Regarding QIP-MS performed in urine samples, a con-
cordance of 91% with uIFE has been reported determining 
the presence of monoclonal peaks.24 Although, we only 
performed QIP-MS in serum samples, we compared these 
results with uIFE and we observed a 62.6% of global con-
cordance between them. The distinct origin of the samples 
could explain the differences between the concordance rates.

Besides electrophoretic assays, high-sensitivity tech-
niques to evaluate MRD such as BM-based NGF are consid-
ered crucial to assess response after CAR T-cell therapies.33 
However, our data showed a high discordance between 
QIP-MS and BM-based NGF, especially in the initial time-
points. Recently, Paiva et al. studied the dynamics of MRD 
and clinical responses during BCMA-directed CAR-T cell 
therapy in RRMM and concluded that MRD is reached 
faster in the BM than the CR in peripheral blood.34 In our 
case, we observed that the negativity rate of BM-based NGF 
was much higher compared to serum QIP-MS. In fact, the 
half-life of the M-proteins enables them to be detected in 
the serum even after M-protein-secreting malignant clones 
have been eliminated from the BM.34,35 Also, the potential 

F I G U R E  2   Comparison between sIFE, QIP-MS and BM-based NGF to evaluate the response to ARI0002h treatment. Detection of M-protein by 
serum immunofixation (sIFE) and quantitative immunoprecipitation mass spectrometry (QIP-MS) (A), or bone marrow (BM)-based next-generation 
flow cytometry (NGF) and QIP-MS (B). The concordance and discordance rates between sIFE and BM-based NGF were calculated over evaluable BM 
samples. NE, not evaluable.

F I G U R E  3   Evaluation of the negativity rate showed by sIFE, QIP-MS 
and BM-based NGF along ARI0002h treatment monitoring. BM-NGF, 
bone marrow-based next-generation flow cytometry; QIP-MS, serum 
quantitative immunoprecipitation mass spectrometry; sIFE, serum 
immunofixation.
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production of the M-protein in extramedullary lesions could 
also explain this fact.

Although other studies have shown the clinical impact 
of QIP-MS results in patients with monoclonal gammopa-
thies,3,36 the information provided here by QIP-MS in terms 
of survival remains unclear in the setting of CAR T-cell 
treatments. This could be attributed to the sample size or to 
other experimental reasons. For example, other studies have 
employed paramagnetic beads specifically designed to rec-
ognize free κ and ʎ light chains.3,36

In conclusion, here we show that QIP-MS is a feasible 
non-invasive serum-based technique, useful in the mon-
itoring of MM patients after BCMA-directed CAR T-cell 
therapy, especially when considering the potential t-mAb 
interferences or the identification of glycosylated or minor 
additional peaks.
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