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Minimally Invasive Assessment of Measurable Residual 
Disease (MRD) in Multiple Myeloma (MM)
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M T Hernandez, M E Clavero Sanchez, A Ibañez, C Gomez, A Orfao, M V Mateos, J J Lahuerta, J 

Blade, J San Miguel, J Martinez-Lopez, N Puig  and B Paiva, 
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The unmet need of minimally invasive MRD assessment
MRD status is dynamic and must be reassessed periodically

Paiva B, et al. Blood. 2023;141(6):579-591.



The unmet need of minimally invasive MRD assessment
The requirement of invasive BM aspirates hinders routine implementation

Authors’ opinion

MRD

Clinical 
trials

Routine 
practice



Prognostic value of MRD assessment in PB using NGF
GEM2014MAIN trial (n = 138)
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Prognostic value of MRD assessment in PB & BM using NGF
GEM2014MAIN trial (n = 138)
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BloodFlow
Immunomagnetic enrichment using MACS® MicroBeads prior NGF

 A minimum sensitivity of 10-7

requires analyzing ≥ 2x108 cells
(~50mL of PB)

 Large (~50mL) PB volumes were
magnetically labeled and processed
via MACS® columns, and ~100µL
aliquots enriched with circulating PC
were analyzed using EuroFlow NGF

Notarfranchi L, et al. Blood 2022;140 (Supplement 1): 2095–2097



Performance of BloodFlow vs standard NGF in PB
BloodFlow detected MRD in 33/353 (9%); 19/33 (58%) were negative by standard NGF 

PB, peripheral blood; NGF, next-generation flow

0.00000

0.00001

0.00010

0.00100

0.01000

0.10000

1.00000
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

LOD standard NGF 
(0.0002%)

%
 o

f 
M

R
D

 in
 P

B

Patients with positive MRD in PB using BloodFlow

The lowest MRD level was 6x10-8
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Investigate the complementarity and prognostic value of new 
multimodal minimally invasive MRD assessment in MM

QIP-MS

CloneSight

PB

Serum

Plasma
cfDNA

CTCs

N = 242

BloodFlow

n = 168/242

n = 27/242

n = 242/242

Maintenance or 
observation

PETHEMA/GEM 
Clinical trials 

Mutations

M-component



Prognostic value of MRD assessment using BloodFlow
MRD+ associated with 12-fold increment in the risk of progression and/or death
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MRD assessment in PB using BloodFlow and in BM using NGF
Analysis restricted to 136 patients with paired samples
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Minimally invasive response assessment in PB using BloodFlow
Median CTCs/µL, 0.016 (range 0.0003 - 0.29)

79% concordance BM (NGF) & PB (BloodFlow)
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Minimally invasive response assessment in PB using BloodFlow
Median CTCs/µL, 0.016 (range 0.0003 - 0.29)

22% of patients relapsed thus far
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Minimally invasive response assessment in PB using BloodFlow
Median CTCs/µL, 0.016 (range 0.0003 - 0.29)

1 of the 2 patients relapsed thus far

79% concordance BM (NGF) & PB (BloodFlow)

Bone Marrow

506 paired 
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Minimally invasive MRD assessment in cfDNA and serum
CloneSight and QIP-MS respectively yielded high PPV and NPV 

79% concordance BM & PB

Bone Marrow
249 paired 
samples

NGF+NGF-

34
(13.7%)

154
(61.8%)

QIP-MS-

Serum
43

(17.3%)
18

(7.2%)
QIP-MS+

40% concordance BM & PB

Bone Marrow
48 paired 
samples
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(60.4%)

14
(29.2%)
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cfDNA
5

(10.4%)
0

(0%)
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CloneSight QIP-MS



82% NPV
70.5% PPV

33% NPV
100% PPV

78% NPV
96% PPV

BloodFlow and QIP-MS showed more balanced NPV and PPV
CloneSight showed the highest PPV but low NPV

CloneSight QIP-MSBloodFlow



BloodFlow and QIP-MS showed more balanced NPV and PPV
CloneSight showed the highest PPV but low NPV

82% NPV
70.5% PPV

QIP-MSBloodFlow

78% NPV
96% PPV

Are these methods 
complementary for improved 

prediction of PFS?



Complementarity between BloodFlow and QIP-MS
MRD detection by either method resulted in increased risk of progression

Time since MRD assessment (months)

P
ro

g
re

s
si

o
n

-f
re

e
 s

u
rv

iv
al

 (
%

)

Hazard ratio
PFS 
@1y

Median 
PFS

No.
MRD
BF & QIP-MS

-98%NR129-/-

9.8 (P = .002)80%NR26-/+

97.7 (P < .001)0%2 mo2+/-

29.5 (P < .001)46%8 mo11+/+



Complementarity between BloodFlow and QIP-MS
3/129 (2%) double negative MRD patients progressed thus far
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Double-negative MRD detection in PB 
and serum using BloodFlow and QIP-MS
achieved a NPV of 84% (ie, MRD 
negativity in BM using NGF)



Mass Spectrometry-Based Assessment of M-Protein in Peripheral Blood
during Maintenance Therapy in MM in the Phase III ATLAS Trial

• To determine the feasibility of using MS as blood-based MRD evaluation in the post-
transplant setting

• To determine the optimal timing of post-ASCT MS assessment for prognostication

N=138 patients (from 180 in the ATLAS trial)

No baseline diagnostic samples were available

A sample was called positive by MS when the
assay confirmed the presence of an M-protein, 

matching the known (diagnostic) isotype

Threshold for BM-MRD positivity: 10-5

Aims

Patients and samples



Kubicki et al, Blood (2023) 142 (Supplement 1): 340



Agreement between the methods increased with time

Kubicki et al, Blood (2023) 142 (Supplement 1): 340

% Disagreement % Agreement



MS (-) status post cycle 18 was associated with superior PFS

Kubicki et al, Blood (2023) 142 (Supplement 1): 340



Double (MS and MRD) negativity is associated with favorable 
outcomes

Kubicki et al, Blood (2023) 142 (Supplement 1): 340



Isolated and Dynamic Peripheral Blood Residual Disease 
Status Characterized by Mass Spectrometry Predicts 

Outcome in Patients with High Risk Smoldering Multiple 
Myeloma Treated in the GEM-CESAR Trial

Noemí Puig, Cristina Agulló, Teresa Contreras, Bruno Paiva, María-Teresa Cedena, José-Juan Pérez, Irene 
Aires, Joaquín Martínez-López, Paula Rodríguez, Verónica González-Calle, Marta-Sonia González, Norma 

Gutiérrez, Albert Oriol, Rafael Ríos, Laura Rosiñol, Miguel-Ángel Álvarez, María-José Calasanz, Joan Bargay, 
Ramón García-Sanz, Ana-Pilar González, Adrián Alegre, Fernando Escalante, Rafael Martínez, Javier de la 

Rubia, Ana Isabel Teruel, Felipe de Arriba, Luis Palomera, Miguel-Teodoro Hernández, Javier López, Arancha 
García-Mateo, Enrique M Ocio, Joan Bladé, Jesús F San Miguel, Juan-José Lahuerta and María-Victoria Mateos

On behalf of the Myeloma Spanish Group (GEM/PETHEMA)



KRd x6 Mel-200 KRd x2 Rd 2ys

KRD: 4-week cycles of iv carfilzomib (K) at dose 20/36 mg/m2 days 1-2, 8-9,15-16, oral lenalidomide (R) 25 mg days 1-21 and dexamethasone (D) 40 mg once weekly. 
Rd: R at dose of 10 mg on days 1-21 plus dexamethasone at dose of 20 mg once per week for two years  

Multicenter, open-label, phase II trial
High-risk smoldering MM patients

n=90

GEM CESAR: study design

Induction HDT&ASCT Consolidation Maintenance

SPEP/IFE
NGF

QIP-MS

SPEP/IFE
NGF

QIP-MS



Methods

Carried out with anti IgG/A/M, total  and total  beads using 
the EXENT®Solution (The Binding Site, part of Thermo Fisher 

Scientific). 

According to the recommendations of the IMWG 
and the Euroflow guidelines

SPEP/IFE QIP-MS NGF



Patients characteristics
N=90 (%)

59 (33-70)Age in years, median (range)

47 (52%)Male

57 (63%)
27 (30%)

6 (7%)

MM subtype
IgG
IgA
Light-chain

2.8Amount of MP (mean, g/dL)

26.9%% bone marrow infiltration (mean)

31 (35%)
55 (61%)

4 (4%)

Cytogenetics, n (%)
High-risk
Standard risk
Unknown

7 (8%) 30 (33%) 22 (24%)
31 (34%)

High risk
Mayo/Pethema/Both
Ultra high-risk

100%M-spike by QIP-MS



Ability to identify persistent disease

2 years
Maintenance

1 year
Maintenance

ConsolidationHDT&ASCTInduction

n=35n=51n=61n=61n=62

5 (14%)9 (18%)16 (26%)20 (33%)34 (55%)SPEP/IFE

7 (20%)11 (21.5%)29 (47.5%)33 (54%)46 (74%)QIP-MS

12 (34%)11 (21.5%)24 (39%)26 (43%)45 (72.5%)NGF



Ability to identify persistent disease

2 years
Maintenance

1 year
Maintenance

ConsolidationHDT&ASCTInduction

n=35n=51n=61n=61n=62

5 (14%)9 (18%)16 (26%)20 (33%)34 (55%)SPEP/IFE

7 (20%)11 (21.5%)29 (47.5%)33 (54%)46 (74%)QIP-MS

12 (34%)11 (21.5%)24 (39%)26 (43%)45 (72.5%)NGF



Comparative results IFE vs QIP-MS
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* Fisher’s exact test

n = 67 n = 37
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Comparative results NGF vs QIP-MS
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PFS according to IMWG standard response 
criteria
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PFS according to QIP-MS
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PFS according to NGF
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PFS according to QIP-MS in cases ≥CR
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PFS according to NGF in cases ≥CR
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PFS according to QIP-MS and NGF dynamics
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Analysis of the dynamics of the results obtained by QIP-MS and NGF improved the prediction of patients´outcome
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Conclusions
In this cohort of high-risk smoldering MM patients treated intensively with a curative
intention,

1. standard CR or better was not associated with clinical outcome

2. mass-spec segregates two groups of patients with different PFS at the 2 time
points analyzed (post-ASCT and after 2 years of maintenance) and both in
the global cohort as well as in cases in CR or better

3. our data suggest that the dynamics of mass-spec results improve the
prediction of patients outcome

4. the results of mass-spec identify a cohort of patients in CR with detectable
disease and worse outcome that, if our results are further confirmed, could
justify the introduction a new serological response category



• BloodFlow, CloneSight and QIP-MS are empowered to detect MRD with
high sensitivity in PB, cfDNA and serum

• The presence of CTCs was systematically associated with dismal PFS

• BloodFlow and Clonesight showed very high PPV and QIP-MS achieved
the highest NPV

• The complementarity between these methods enabled the identification
of multimodal MRD negative patients with very low risk of relapse

• This study paves the way towards minimally invasive MRD assessment
in MM patients on maintenance or observation

Conclusions



Conclusiones
• The complementarity between BloodFlow, CloneSight and QIP-MS enables 

the identification of multimodal MRD negative patients with very low risk of 
relapse

• MS based disease assessment in the post-ASCT setting may be feasible

• Mass-spec segregates two groups of patients with different PFS post-ASCT 
and after 2 years of maintenance even among patients in CR and analysis of 
its dynamics improves the prediction of patients outcome

• Clonotypic methods for MP detection by mass spectrometry are currently 
investigated in patients with myeloma and amyloidosis



¡Muchas gracias por 
vuestra atención!
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