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Impact of modern therapies on response rates

• Increasing response rates with novel 
therapies

• Nevertheless a large majority of pts in 
remission eventually relapse

• Persistence of residual tumor cells 
(MRD), clinically meaningful, 
undetectable by conventional 
serological/morphology-based tests, 
requiring additional sensitive methods

Diamond BT et al., Blood Reviews 46 (2021) 100732



Beyond conventional CR
MRD detection and novel response criteria



Depth of response and survival: MRD surpasses CR
Pooled analysis of 3 PETHEMA/GEM clinical trials

Lahuerta JJ, et al. JCO 2017;35(25):2900-10

Meta-analysis of MRD studies 
(CR patients)

Munshi et al. JAMA Oncol. 2017;3(1):28-35

GEM2000 - GEM2005MENOS65 - GEM2010MAS65



Detecting MRD in BM
Cellular-based approach: study of aberrant phenotype 

Multiparameter 
Flow Cytometry (MFC)

CD19, CD20, CD81, 
CD27, CD117, CD200

Next Generation Flow
(NGF)

Flores-Montero et al, Cytometry Part B 2016
Flores-Montero et al, Leukemia (2017) 31, 2094–2103

8-color, 2-tube panel
(10-color, 1-tube assay, US model)

Simultaneous analysis of up 
to 10 million cells

Sensitivity of 2 x 10-6



Detecting MRD in BM

Molecular-based approach: study of a tumor-specific marker
ASO-PCR, ddPCR à Next Generation Sequencing (NGS)



NGF NGS
Applicability Almost 100% of pts 90-92%

Availability Wide Limited
(1 platform FDA approved, commercial; 
others ongoing)

Sensitivity 10-5 / 10-6 10-5 / 10-6

Quantitative Yes Yes

Nr of cells required 20 x 106 2-3 x 106

Processing requirements Fresh sample (within 24-36 h) Fresh or stored sample

Baseline diagnostic sample Not needed Mandatory

Standardization Yes (EuroFlow Consortium) Yes (Adaptive Biotechnologies)

Turnaround 3-4 hours 1-2 weeks

Complexity Flow cytometry skills required 
(automated software available)

Bioinformatic support required

Cost + ++

MFC/NGF and NGS comparison



MFC/NGF and NGS comparison

91/106 (85.8%) were concordant between techniques 
Only 15/106 cases (14.2%) were discordant

Medina A, et al. Blood Cancer J. 2020;10(10):108 Oliva et al. ASCO metting 2020, abstract #8533

GEM2012 trial
MRD evaluated 3 mos after ASCT

FORTE trial

MCF

NGS



MRD sensitivity: the deeper the better…

Paiva et al. J Clin Oncol 2019;38:784-92

All pairwise comparisons MRDneg vs pos significant (P<.001)
No statistically significant differences in PFS of pts with pos MRD 
in all the logarithmic range

PETHEMA/GEM2012MENOS65 trial

PFS according to MRD level after 12 mos of maintenance 
in pts ≥ VGPR

Perrot et al. Blood 2018;132(23):2456-64

IFM 2009 trial



The impact of spatial heterogeneity on MRD diagnostic

Discrepancy between 
BM MRD and imaging

Rasche L et al. Nature Comm 2017
Rasche L et al. Leukemia 2019

Imaging relapse while maintaining MRD negativity

Growing heterogeneity                 
with growing size of the lesions

Different GEP profile 
between BM and FL

p=0.005

≤ 2.5 cm

P<0.001



FDG PET/CT for evaluation of metabolic response and MRD

Bartel et al, Blood 2009 114: 2068-76

Before ASCT
PFS

OS

After ASCT

Zamagni et al. Blood. 2011;118:5989-95

PET-CT normalized versus positive (P = .011)

PET-CT normalized versus positive (P = .033)

Moreau, et al. JCO2017;35(25):2911-18

Before maintenance



Complementarity between NGF/NGS and PET/CT

Rasche et al. Leukemia. 2019;33:1713-22

IMAJEM Study

Moreau, et al. JCO2017;35(25):2911-18

Median PFS: 
CMR & MFC Neg: 44.8 mos 
One or both Pos: 40.0 mos
HR: 0.21 (95% CI, 0.09-0.49), P<0.0010.00
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Zamagni et al. ASH 2020

University of Arkansas

Patients with double-negative MRD have better outcome
FORTE trial

PET- and MRD- by flow cytometry vs others



• to improve the quality and reproducibility of MRD dectection in future trials            
and ensure uniform reporting of MRD results better inter-trials comparison
• to validate MRD as a survival surrogate endpoint for accelerating drug approval

Reproducibility and harmonization of data



MRD best predictor of outcome
Munshi et al. Blood Adv. 2020 Dec 8;4(23):5988-5999 

Meta-analysis of MRD studies (44, >8000 pts)



MRD best predictor of outcome

Munshi et al. Blood Adv. 2020 Dec 8;4(23):5988-5999 



MRD and HIGH RISK patients

Modulating pts’ risk at diagnosis according to depth of response after treatment                             
Impact on PFS/OS of R-ISS in pts with undetectable vs persistent MRD

Paiva et al. J Clin Oncol 2019;38:784-92

patients with adverse prognosis shift into a favorable one      
upon achieving deep responses to treatment



MRD and HIGH RISK patients

MRD status according to cytogenetic risk 
in the PETHEMA/GEM2012MENOS65 clinical trial

Undetectable MRD overcomes the dismal 
survival of MM patients with high risk CA

Goicoechea et al. Blood 2020



Durability of response: sustained MRD negativity

Avet-Loiseau et al. J Clin Oncol 2021;39:1139-1149

Achievement of sustained MRD negativity consistently demonstrated longer PFS 
for DARA-containing regimens vs those without sustained MRD negativity in the ITT population



MRD evaluation in clinical trials

IFM 2009
Response

Attal NEJM 2017
Perrot Blood 2018

Moreau P, Lancet 2019 / Avet-Loiseau EHA 2019

CASSIOPEIA



MRD evaluation in clinical trials

MAIA

Facon et al. NEJM 2019
Kumar et al. ASH 2020

CASTOR + POLLUX

Avet-Loiseau et al. J Clin Oncol 2021;39:1139-1149



MRD assessment after each treatment phase; pts with confirmed (2nd) MRD-negative status (< 10-5) 
entered treatment-free observation phase with MRD assessment at 24 and 72 wks after EOT

Key inclusion criteria
- NDMM*
- ECOG PS 0-2 
- CrCl ≥ 40 mL/min

Induction
Dara-KRd 
x 4 cycles

AHCT
Consolidation

Dara-KRd 
x 4 cycles

Consolidation
Dara-KRd 
x 4 cycles

Lenalidomide 
maintenance

MRD response-adapted Dara-KRd sequential therapy in transplant-eligible NDMM patients

Dara-KRd dosing: D 16 mg/m2 on days 1,8,15,22 (days 1,15 of Cycles 3-6; Day 1 Cycle > 6); 
K 56 mg/m2 days 1,8,15; R 25 mg days 1-21; d 40 mg PO Days 1,8,15,22. *1 VCD cycle permitted. 

Primary Endpoint: MRD-negative remission

*del17p, t(4;14) or t(14;16)

Response rates MRD rates

Costa LJ et al, EHA 2020

MRD status- adapted therapies:  MASTER trial



GEM14 phase 3 trial 
(NCT02406144)

PERSEUS phase 3 trial  
(NCT03710603)

Current trials with MRD-driven maintenance



Minimal Residual Disease Adapted Strategy (MIDAS)
Sponsor: Intergroupe Francophone du Myelome (IFM)
Estimated primary completion: September 2024

Induction Transplant and/or 
consolidation

Maintenance (3 years)

Isa-KRDNDMM, N~716 
Eligible for ASCT
18–66 years old

Isa-KRd

Isa-KRd (x6 cycles)

Isa-KRd
(x2 cycles)ASCT

Isa-KRd
(x2 cycles)ASCT

Tandem ASCT

Lenalidomide

Iberdomide and 
Isatuximab 

MRD–

MRD+

Primary endpoint: MRD–* rate:
• At end of consolidation (6 

months)
• 1, 2, and 3 years post induction

*Primary analysis will evaluate MRD (NGS, 10–6 threshold) 

R
1:1

R
1:1

https://clinicaltrials.gov/ct2/show/NCT04934475

Current trials with MRD-driven maintenance



Current trials with MRD-driven maintenance
Risk-Adapted therapy Directed According to Response (RADAR)
Sponsor: University of Leeds
Estimated primary completion: Not available

MaintenanceInduction

NDMM
Patients eligible for 

ASCT

Isa (12 
months) Isa until PD

Isa until PD

R until PD

VRd (x4 cycles) then R until PD
Isa-R until PD

Isa-VRd (x4 cycles) then Isa-R until PD

Observation

MRD+

MRD–

MRD+

MRD–

RCVd
(x4 cycles) ASCT

High risk*

Standard risk

VRd (x4 cycles) then R until PD

Isa-VRd (x4 cycles) then Isa-R until PD
R

1:1

R
1:1

R
1:1

Primary endpoint(s): 
• PFS 
• MRD– rate†

https://www.clinicaltrialsregister.eu/ctr-search/trial/2019-001258-25/GB

*High risk is defined as presence of ≥2 of t(4;14), t(14;16), t(14;20), del(17p), or gain(1q)
†6 months post-ASCT for pts allocated to maintenance only, and 7 months for pts allocated 
to consolidation then maintenance. 
MRD assessed at 10–5, confirmed by central lab



Ongoing clinical trials including MRD status in patients’ enrollment 
and/or MRD-driven interventions

Kostopoulous et al. Frontiers in Oncology 2021



Take home messages

• MRD is the best biomarker to predict outcome

• Modern triplet/quadruplet combinations (both in newly diagnosed and relapse/refractory 
setting) ultimately result in higher rates of MRD negativity

• MRD negativity should be attained at the deepest sensitivity level (whatever the 
method) and possibly sustained

• MRD negativity (at high sensitivity level) can overcome poor prognosis in HR pts

• Spatial disease heterogeneity and dissemination, possibility of EMD relapse à
combination of BM-based methods and imaging might improve and complete the 
prognosis and risk assessment of pts

• The use of MRD to drive treatment decisions is under investigation: results of several 
ongoing phase III trials in the field are eagerly awaited

• Open issues: timing, costs, applicability in daily clinical practice


