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Diagnosis and response assessment

Risk stratification

First-line treatment for transplant-eligible patients

First-line treatment for transplant-ineligible patients

Moving BCMA-targeting forward

MM in 2024



Diagnostic criteria for MM: beyond «CRAB»

Rajkumar, Lancet Oncology 201



How to define »risk» in MM?



The current risk stratification model does not take 
into account all the known risk factors
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High-risk features: cytogenetics

Del17p / TP53 mutation

8% at diagnosis
121 patients with del17p: 37% also had TP53 

mutation (double hit)

Corre J, et al., Blood 2021; Thakurta et al. Blood 2018

1q gain/amp

30-40% of MM patients carry 1q CNA

Schmidt et al. Blood Cancer Journal 2019

1q copy number predicts patients’ outcome 

del1p

8-10% at diagnosis

Schavgoulidze A, Blood 2022

Del17p Clonal fraction: 55% cut-off



The number of genetic lesions matters: 
standard risk vs high-risk vs ultra high-risk

Bortezomib (GMMG-HD4/MM5)

KCRD Myeloma XI

Shah V, et al., Blood 2018, Weinhold et al., Haematologica in print, Mina et al, Lancet Oncol 2023, Croft J, et al., ASH 2019; G. Jackson GH. Et al, Lancet Oncol. 2019 Jan;20(1):57-73; 

KRd-ASCT vs KRD12 vs KCd-ASCT FORTE

R maintenance Myeloma XI
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CPC, circulating plasma cells; PFS, progression-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; p, p-value.

Circulating plasma cells are an indipendent risk factor

Bertamini L et al. ASH 2020

CPC evalubale population: 401/474 subjects - Median CPC 0.02% (IQR 0-0.14) - Cut-off 0.07% (5 cells/ul, 0.005 x109/l)

CPC high  32%
CPC low 68% 

undetectable CPC   32%



Extramedullary Myeloma is associated to lower probability of 
response and worse survival

Usmani et al., Haematologica 2012; Bahlis N. et al, ASH22

Probabilty of response to Elranatamab in the 
MagnetisMM-3 study



New IMWG definition of high-risk MM: Barcelona criteria

• Del17p (>20% clonal cells)

• TP53 mutation

• Bi-allelic del1p32

• t(4;14), t(14;16) or t(14;20) + 1q gain/amp or monoallelic del1p

• 1q gain and monoallelic del1p32

• B2M ≥5.5 mg/dl with normal creatinine



How to treat NDMM patients?



Multiple myeloma: EHA-ESMO Clinical Practice Guidelines
Treatment of Newly diagnosed Multiple Myeloma

Dimopoulos MA, et al. Ann Oncol. 2021;32(3):309-322.

ASCT, autologous stem cell transplantation; Dara, daratumumab; PI, proteasome inhibitor; Rd, 
lenalidomide and low-dose dexamethasone; VRD, bortezomib, lenalidomide, and 
dexamethasone;  VCD, Bortezomib, cyclophosphamide and dexamethasone; VMP, bortezomib, 
melphalan and prednisone; VTD, Bortezomib, thalidomide and dexamethasone.  

IsaVRd/DVRdDVRd



Gay F et al, EMN Guidelines on transplant in MM, Hematologica 2017

No formal age cut-off

GRIFFIN and PERSEUS trials enrolled 
patients up to the age of 70

Retrospective Studies
Median age, y 

(range)
Conditioning 
regimen TRM (%) OS

Bashir et al. Leuk Lymphoma 2012; 
53:118-122.

72 (70-80) MEL200: 65% of pts
MEL140: 25% of pts
MEL100: 10% of pts

All pts: 3.
<75 y: 2;
≥75 y: 6.

5-year: 67%

Merz et al. Ann Oncol 2014; 
25:189–195

65 MEL200 60-64 y: 2.4
65-69 y: 1
70-75 y: 0

60-64 y: NR;
65-69 y: NR;
70-75 y: NR.

Ozaki et al. Acta Haematol 2014; 
132:211–219

65-68 MEL200/140 0 NR

Sanchez et al. Biol Blood Marrow 
Transplant 2017; 23:1203–1207

NA NA <65 y: 2.3
≥65 y: 1.2

NA

Stettler et al. Leuk Lymphoma 2017; 
58:1076–1083

NA MEL200: 65-70 y
MEL140: >70 y

65-70 y: 0
>70 y: 0

2-year: 65-70 y: 
96%;
>70 y: 100%.

Belotti et al. Blood 2018; 132: 
Abstract #2151 [ASH 2018 60th 
Meeting]

NA MEL200: 68% of pts
MEL<200: 32% of 
pts

0 NA

Ghilardi et al. Bone Marrow 
Transplant 2018; Nov 2 [presented 
at ASH 2017 59th Meeting]

67.5 (65-77) MEL200: 75.3%
MEL70-180: 24.7%

MEL200: 1.4; 
MEL70-180: 2.

≤70 y: 82.8 mo; 
>70 y: 56.2 mo

Marini et al. Ann Hematol 2019; 
98:369–379

67 (66-70) MEL200: 38%
MEL140: 62%

NA NA

Mizuno et al. Blood 2018; 132: 
Abstract #3437 [ASH 2018 60th 
Meeting]

66 (65-76) MEL200/140/100: <65 y: 0.4
≥65 y: 1.2

5-year: <65 y: 63%;
≥65 y: 64%.

Saini et al. 2018 Blood 132:Abstract 
#4608 [ASH 2018 60th Meeting]

81 (80-83) MEL140 0 NR; 2-year: 75%

Transplant: defining eligibility and outcomes



Phase III studies challenging triplets as inductiona and 
consolidation in ASCT-eligible patients

CASSIOPEA EMN17 / PERSEUS

D-VTd versus VTd in transplant-eligible 
NDMM (N = 1,085)

Primary endpoint: post-consolidation sCR

D-VRd versus VRd in transplant-eligible 
NDMM (N = 709)

Primary endpoint: progression-free survival



Phase III studies challenging triplets as inductiona and 
consolidation in ASCT-eligible patients

CASSIOPEA EMN17 / PERSEUS

D-VTd versus VTd in transplant-eligible 
NDMM (N = 1,085)

D-VRd versus VRd in transplant-eligible 
NDMM (N = 709)

Primary endpoint: Post-consolidation sCR: 
29% D-VTd vs 20% VTd
Odds ratio, 1.60; P = 0.0010 

MRD negativity rates, 10-5

CR or sCR rates: 
88% D-VRd vs 70% VRd
Odds ratio, 3.13; P < 0.0001 

Moreau P. et al; Lancet Oncol 2019; Sonneveld P. et al; NEJM2023



Phase III studies challenging triplets as inductiona and 
consolidation in ASCT-eligible patients

D-VTd versus VTd in transplant-eligible 
NDMM (N = 1,085)

Median follow-up: 18.8 months

D-VRd versus VRd in transplant-eligible 
NDMM (N = 709)

Median follow-up: 47.5 months

Progression-free survival

Moreau P. et al; Lancet Oncol 2019; Sonneveld P. et al; NEJM2023

CASSIOPEA EMN17 / PERSEUS
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Pleixafor use

DVTd VTd DVRd VRd D-VRd VRd

Use of plerixafor as rescueHematopoietic stem cell yield

Hulin C et al., CASSIOPEIA study. Haematologica. 2021
S. Chhabra et al., MASTER & GRIFFIN Transplantation and Cellular Therapy 29 (2023)

D: daratumumab; V: bortezomib; d: dexamethasone; T: thalidomide; C: cyclophosphamide; R: lenalidomide; K, carfilzomib; HDC: high-dose 
chemotherapy; ASCT: autologous stem cell transplantation; y: years;TE, transplant eligible; VGPR, very good partial response; HSC, hematopoietic stem 
cell; GCSF, granulocyte-colony stimulating factor; PLX, plerixafor; CTX, cyclophosphamide

CASSIOPEIA

PERSEUS

GMMG-HD7

CASSIOPEIA

GRIFFIN PERSEUS

• Anti-CD38 Moab regimens seem to impact on hematopoietic stem cell yield (↓) and the use of 
plerixafor (↑)

• No significantly impact on mobilization successfulness or hematopoeitic engraftment

What is the impact of anti-CD38 MoAb on 
hematopoietic stem cell mobilization?
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The role of ASCT: PFS benefits

HDM, high-dose melphalan; ASCT, autologous stem-cell transplantation; K, carfilzomib; R,
lenalidomide; d, dexamethasone; C, cyclophosphamide; R, lenalidomide, V, bortezomib, KRd plus
ASCT, 4 KRD induction cycles, MEL200-ASCT, 4 KRd consolidation cycles; ; KRd12, 12 KRd cycles; HR,
hazard ratio; CI, confidence interval; p, p-value; Nr, not reached; PFS, progression free survival

mPFS: 50 months in the 
ASCT group vs. 36 months in 
the RVD-alone group HDM-ASCTVRd x 3

VRd x 3 VRd x 5

VRD x 2 R
1 year

HDM-ASCTVRd x 2

VRd x2 VRd x 5

VRd x 2 R 
until progressionVRd x  1

mPFS: 67.5 months in the 
ASCT group and 46.2 months
in the RVD-alone group

4-y PFS: 69% in the ASCT 
group and 56% in the KRD12 
group
mPFS: NR vs 55 months

Median follow-up: 51 months

Median follow-up: 43-44 months

Median follow-up: 76 months

IFM-2009

DETERMINATION

FORTE

EMN-02/HO95

Median follow-up: 60 months

HDM-ASCT

VMP x 4 No consolidation

VRd x 2 R 
until progressionVCd x 4

mPFS: 56.7 months in the 
ASCT group vs. 41.9 months 
in the VMP group

HDM-ASCTKRd x 4

KRd x 4

KCd x 4 HDM-ASCT

KRd x 8

KRd x 4

KCd x 4

KR 
maintenance

R maintenance

Cavo et al., EMN02, Lancet 2020; Gay F et al., FORTE trial, Lancet Oncol 2021; Attal M et al., 
IFM-2009, N Engl J Med 2017; Richardson P et al., DETERMINATION study, N Engl J Med 2022



Avet-Loiseau H et al. ASH 2021;abstract 82 (oral presentation); Laubach JP et al. ASH 2021;abstract 79 (oral presentation); 
Costa LJ et al. ASH 2021;abstract 481 (oral presentation) 

HDM, high-dose melphalan; MRD, minimal residual disease; 
Dara, D, daratumumab; V, bortezomib; T, thalidomide; 
d, dexamethasone; R, lenalidomide; K, carfilzomib

CASSIOPEA 
Dara-VTd

GRIFFIN
Dara-VRd

MASTER
Dara-KRd

ASCT remains a standard of care in the era of anti-CD38 monoclonal 
antibodies-based quadruplets



What is the role of autologous stem cell transplant 
in high-risk patients? 

DETERMINATION study: 
VRd + ASCT vs VRd alone

Progression-free survival

FORTE study: 
KRd/KCyd + ASCT vs KRd alone

Progression-free survival

Richardson PG. Et al NEJM 2022. Mina R. et al, Lancet Oncol 2023



Will CAR T-cell therapy 
replace HDM-ASCT as 
upfront treatment in 

NDMM patients?

ClinicalTrials.gov Identifier: NCT05257083
ClinicalTrials.gov Identifier: NCT04934475 

CAR, chimeric antigen receptor; HDM, high-dose melphalan; ASCT, autologous stem-cell transplantation; NDMM, newly diagnosed multiple myeloma; D,
daratumumab; V, bortezomib; R, lenalidomide; d, dexamethasone; Cilta-cel, ciltacabtagene autoleucel; PFS, progression-free survival; PD, progressive disease; SPMs,
second primary malignancies; subseq., subsequent; ISS, International Staging System; MRD, minimal residual disease; neg, negativity; CR, complete response; Isa,
isatuximab; K, carfilzomib

Stratification factors:
a) ISS staging
b) Cytogenetics
c) Age

Assessment of PFS

Key eligibility 
criteria:

• Newly 
diagnosed 
Patients

• Age ≥ 18
• Eligible for 

initial 
ASCT

• Sample Size: 
~750
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Cilta-cel

Follow-up 
until PD

D+VRd
28 days x 6 cycles

R*
(2 years)

Long-term 
follow-up 

for 
survival, 
subseq. 

therapies & 
SPMs

D+VRd
28 days x 4 

cycles
ASCT

D+VRd
28 days x 2 

cycles

R*
(2 years)

Arm A

Arm B

Dual primary endpoints:
• PFS
• Sustained MRD neg CR 

*Lenalidomide to be continued beyond 2 years per physician discretion

Will ASCT be necessary 
in all NDMM patients? 

The randomized, phase III 
EMAGINE/CARTITUDE-6 

(EMN28) study

The randomized, phase III 
IFM 2020-02 Minimal 

Residual Disease Adapted 
Strategy (MIDAS) study

Is there still a role for ASCT?



Results supporting post-transplant maintenance in MM

Lenalidomide maintenance Daratumumab maintenance

PFS, HR DVTd-dara vs DVTd-no dara: HR, 0.76; 95% CI, 
0.58-1.00;P = 0.0480

Moreau P. et al EHA24McCarthy et al. J Clin Oncol 2017; * Sonneveld P. et al JCO21, Richardson P. et al, NEJM22

IFM 2009: len 1 year
PFS: Median, 47 vs. 35 months 

(N=700)

DETERMINATION: 
len until progression

PFS: Median, 68 vs. 46 months 
(N=722)



Building upon lenalidomide maintenance

Phase II, FORTE study
Carfilzomib-Lenalidomide vs lenalidomide maintenance

Phase III, PERSEUS
Daratumumab-lenalidomide vs lenalidomide maintenance

Patients converting from MRD pos to neg during 
maintenance @10-5: 60 vs 40%

Patients converting from MRD pos to neg during 
maintenance @10-5: 46 vs 30%

Gay F. Lancet Oncol 2021 Otero PR EHA 2024



Multiple myeloma: EHA-ESMO Clinical Practice Guidelines
Treatment of Newly diagnosed Multiple Myeloma

Dimopoulos MA, et al. Ann Oncol. 2021;32(3):309-322.

ASCT, autologous stem cell transplantation; Dara, daratumumab; PI, proteasome inhibitor; Rd, 
lenalidomide and low-dose dexamethasone; VRD, bortezomib, lenalidomide, and 
dexamethasone;  VCD, Bortezomib, cyclophosphamide and dexamethasone; VMP, bortezomib, 
melphalan and prednisone; VTD, Bortezomib, thalidomide and dexamethasone.  

IsaVRdDVRd



Dara-Rd vs Rd: 
phase III MAIA study

Dara-VMP vs VMP: 
phase III ALCYONE study

PFS
DRd vs Rd

61.9 vs 34.3 months 
(median)

First-line treatment approach to ASCT-ineligible patients

OS
DRd vs Rd

NR vs 64.1 months 
(median)

PFS
DRd vs Rd

37.3 vs 19.7 months 
(median)

OS
DRd vs Rd

82.7 vs 53.6 months 
(median)



*Cutoff date for PFS analysis: September 26, 2023 (median follow-up, ~5 years). †Nominal one-sided P value.NR, not reached.

Median follow-up of 59.7 months

IMROZ phase 3 Study 
Isa-VRd vs VRd in TNE NDMM: PFS 

Facon T. et al.. June 3, 2024, NEJM.. Oral presentation presented at the American Society of Clinical Oncology (ASCO 2024), Chicago, IL, USA, May 31–June 4, 2024

Response rates
≥CR: 74.7% vs 64.1%, P=0.01

Progression-free survival



Future directions in the first-line treatment of older patients

Treatment de-escalation Early use of BCMA 

DRd vs DRdRd
MY 13 STUDY – CANADIAN CANCER TRIAL GROUPS1

DRd continuous vs DRd12+ th at progression
HOVON FABULOUS STUDY2

1. PIs: Hira Mian; 2. Sonja Zweegman



Future directions in the first-line treatment of older patients

Early use of BCMA 

Majestec-7 SRI Cohort 1
Dara-Tec-Len

Cyrille Touzeau et al. American Society of Clinical Oncology (ASCO) Annual Meeting; May 31–June 4, 2024; Terpos E. et al. EMN 2024



Moving BCMA-targeting forward



Treatment of triple-class exposed patients in early lines before BCMA

Front-line treatment in NDMM patients

FIT Frail

DVRd - IsaVRd  

ASCT

DR maintenance

IsaRd
continuous

DRd
continuous

How to treat at PD?

6 8
>
1
0

PFS, years

Isa-Kd

DPd

DRd

KRd

DVd

PVd

SeliVd

Kd

IRd

EloRd

EloPd

IsaPd

Expected PFS in 2° line: ∼1 year



Treatment of triple-class exposed patients in early lines in the BCMA era

CARTITUDE-4

KarMMa-3

DREAMM-7

DREAMM-8

MAJESTEC-3

MAGNETISMM-32

Randomization

Elranatamab

Kd/PVd/EloPd



Dhakal, B, et al. ASCO 2023. LBA106

CARTITUDE-4

CAR-T cell versus standard of care in early lines for RRMM patients

Cilta-cel vs SOC: 

12-month PFS rate:76% vs 49%

KarMMa-3

Median prior lines of therapy: 1 (1-3)
100% lenalidomide refractory 

Median prior lines of therapy: 3 (2-4)
65-67% triple-class refractory 

MRD negativity (10-5) in CR patients: 
20% vs 1%



Dhakal, B, et al. ASCO 2023. LBA106

DREAMM-7

ADC versus standard of care in early lines for RRMM patients

DREAMM-8

Median prior lines of therapy: 1
33-35% lenalidomide refractory 

Median prior lines of therapy: 1 
76-81% lenalidomide refractory – 23-24% antiCD38 MoAb refractory

MRD negativity (10-5): 
39% vs 17%

Key Safety: Ocular toxicity in 
79% vs 29% of patients

Efficacy outcomes BPd (n=155) PVd (n=147)

ORR / ≥CR, % 77 / 40 72 / 16

mDOR, mo (95% CI) NR (24.9–NR) 17.5 (12.1–26.4)

MRD– (10–5) with ≥CR, % 24 5



Conclusions

• Risk stratification in MM is becoming increasingly important in MM and should rely on a 
comprehensive list of risk factors, including ISS, FISH and clinical factors (EMD, CTCs)

• Quadruplets (PI + IMiDs + anti-CD38 mAb) induction and consolidation followed by ASCT and 
lenalidomide maintenance until progression is the current SoC for TE MM patients 

• Upfront ASCT was a SoC in the era of triplets (↑ MRD rates and longer PFS as compared to a non 
transplant approach) and still is a backbone in studies with quadruplets (CASSIOPEIA, GRIFFIN, 
PERSEUS, ISKIA).

• DRd is a SoC for older, transplant ineligible patients; quadruplets (IsaVRd) may replace triplets in 
older fit patients. 

• The early use of anti-BCMA agents (CAR T-cells, TCE and ADC) will revolutionize the treatment of 
MM patients
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